librm^ 


ED INBURBH 

111  HI  I! 


■~rsr. 


A 


A N U A L 


OF 


GENERAL  PATHOLOGY 


FOB  THE  t'SE  OK 


STUDENTS  AND  PRACTITIONERS  OF  MEDICINE. 


by 


ERNST  WAGNER,  M.D., 

raOFXNO*  or  GENERAL  FATHOUXiY  AND  F ATHOLOGICAL  ANATOMY  IN  THE  UNIVERSITY  OF  LXtrZIC  ; 
DIRECT  OR  OF  THE  MR  Of  CAL  KiUCLINIC  OF  LKIFUG. 


TRANSLATED  FROM  THE  SIXTH  HERMAN  EDITION 

BY 

JOHN  VAN  DUYN,  A.M., 

FROfHSSOK  OF  ANATOMY  ANO  HISTOLOGY  IN  THE  MEDICAL  SCHOOL  OF  SYRACUSE.  UNIVERSITY,  N.  Y. 

AND 

. 

E.  C.  SEGUIN,  M.D., 

CUNKAL  P«0*&$0*  UP  DISEASES  UP  TH1  MIND  AND  fffcKVOUS  SVSTKM  IN  THE  COLLEGE  OP  PHYSICIANS 

AND  SURGEON*,  NEW  YORK. 

>7 

v / 


N E W Y O R K : 

W I L L I A M AY  O O D <fc  COM  P A N Y 

1876. 


Entered,  according  to  Act  of  Congress,  in  the  year  1870,  by 
WILLIAM  WOOD  &i  CO., 

In  the  Office  of  the  Librarian  of  Congress  at  Washington. 


All  Rights  Reserved. 


John  F.  Trow  & So*, 

8TKRKOTYPERS  AND  PRINTERS, 
205-213  East  izt/t  St., 
NEW  YORK. 


EDITOR’S  PREFACE. 


After  perusing  the  fifth  edition  of  Wagner’s  Pathology  in  1872  I wag 
strongly  impressed  with  the  idea  that  it  was  well  worthy  of  reproduction  in 
this  country.  No  hook  in  the  English  language  gives  such  a thorough 
rcgumc  of  the  elements  of  medicine,  and  in  none  is  the  matter  so  arranged 
as  to  l>e  available  for  both  the  student  and  t he  practitioner.  This,  the 
sixth  German  edition,  is  much  improved,  many  references  to  publications 
in  1872  having  been  inserted;  in  many  chapters  the  work  Is  fully  up  to 
date.  This  elaboration  is  perhaps  most  evident  in  the  sections  on  the 
theories  of  fever;  where  knowledge  which  could  only  be  obtained  by 
laborious  work  in  a large  city  library  is  condensed  within  the  compass  of  a 
few  pages. 

I have  permitted  myself  to  make  very  few  changes  from  the  original  ; 
two  or  three  pages  from  the  sections  on  soil  and  climate,  and  some  short 
paragraphs  in  the  chapter  on  fever,  have  been  omitted.  A few  foot-notes 
aud  bibliographical  references  (chiefly  American),  and  an  index  of  authors, 
have  been  added. 

My  friend  Dr.  Van  Duyn  has  translated  at  least  two-tliirds  of  the  book. 
The  proof-reading  and  arrangement  of  the  work  have  fallen  to  rny  share.  In 
our  translation  we  have  encountered  some  difficulties,  and  those  who  have 
done  the  same  kind  of  work  will  know  how  to  make  allowance  for  a nnrn- 
ber  of  awkward  sentence's  in  the  English.  We  have  endeavored  to  be 
literal  aud  at  the  same  time  clear;  aud  elegance  of  style  has  not  been 
aimed  at. 

The  metric  measures  and  the  centigrade  thermometric  scale  have  been 
retained.  I have  done  this  in  order  to  aid  in  diffusing  knowledge  of  these 
now  national  standards,  and  to  do  a trifle  toward  bringing  medical  ob- 
servers  in  this  country  into  closer  communion  with  the  general  scientific 
hotly. 

E.  C.  Seguin. 

New  York,  January , 1876. 


PREFACE  TO  THE  FIRST  GERMAN  EDITION. 


The  authors  of  this  work  were  closely  united  for  nine  years  by  common 
scientific  interest  and  most  intimate  friendship,  until  the  death  of  Uhle,  in 
18(51,  severed  the  relationship.  As  long  as  both  of  us  labored  at  the  same 
University,  and  in  the  same  city,  questions  closely  connected  with  general 
pathology  formed  the  subject-matter  of  almost  daily  converse  ; and  hence  the 
wish  was  often  expressed  that  we  should  together  write  a manual  on  this 
subject.  The  execution  of  this  plan  was  provisionally  thwarted  by  the 
calling  of  one  of  us  to  a distant  University. 

For  the  possibility  of  fulfilling  this  long-postponed  design,  1 am  indebted 
to  II II re’s  widow,  who  bequeathed  all  his  manuscripts  to  me.  Upon  perus- 
ing them  I discovered  that  Uhle  had  carefully  elaborated  just  those  chap- 
ters which  had  been  only  incompletely  filled  in  my  work.  This  book  is  the 
product  of  the  union  of  both  manuscripts. 

As  regards  the  division  of  labor,  it  should  be  stated  that  tho  first  part  in 
plan  and  for  the  greater  part  in  execution  is  by  me ; the  second  part,  with 
the  exception  of  the  last  chapter,  by  Uhle  ; the  third  part  is  mine,  with  the 
exception  of  some  passages  in  various  chapters,  and  of  the  article  “ Fever,” 
which  was  planned  by  Uhle. 

Thus  much  in  regard  to  tho  origin  of  the  book.  As  regards  the  concep- 
tion of  the  whole,  the  grounds  upon  which  this  conception  was  based,  and 
all  other  points,  the  work  must  speak  for  itself. 


LEirzio,  March , 1862. 


E.  Wagner. 


PREFACE  TO  THE  SIXTH  GERMAN  EDITION 


The  present  edition  has  been  augmented  in  every  part.  It  has  thus  be- 
come more  voluminous  than  I might  have  wished ; but  I hope  that  the 
utility  of  the  book  has  not  been  injured  by  this,  because  I have  as  much 
as  possible  endeavored  to  thoroughly  sift  important  facts  on  the  one  hand, 
and  on  the  other  to  present  in  smaller  type  documentary  evidence  and  mat- 
ters of  less  importance. 

'Hie  preparation  of  this  edition  has  been  more  difficult  than  that  of  tho 
others,  chiefly  because  of  three  evils  with  which  our  literature  is  afflicted. 
These  are:  in  the  first  place,  the  preliminary  communications  which  usually 
are  not  followed  by  confirmatory  statements;  second,  the  largo  number 
of  publications  about  experiments  which  are  occasionally  useless;  and, 
third,  the  present  condition  of  the  question  of  fungic  diseases. 

For  the  account  of  Fever,  and  for  several  sections  on  ictiology  (Ground, 
Climate,  Dwelling),  I am  indebted  to  Prof.  Thomas.  I also  wish  to  ex- 
press my  thanks  to  Prof.  Huppert  (5tU  Ed.),  and  to  Prof.  F.  Hofmann 
(6th  Ed.),  for  many  chemical  explanations. 


E.  Wagner. 
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PART  FIRST. 


GENERAL  NOSOLOGY. 

GENERAL  CONCEPTION  AND  FORMS  OF  MORBID  STATES. 

Pathology  is  the  knowledge  of  disease;  general  pathology  is  the 
knowledge  of  the  morbid  state  and  of  disease  in  general ; SPECIAL  pathol- 
ogy is  the  knowledge  of  individual  diseases. 

It  is  impossible  to  give  a short  and  clear  definition  of  disease.  Usually 
disease  is  referred  to  as  the  condition  opposed  to  health.  Both  expressions 
are  in  common  use. 

That  individual  is  healthy,  in  whom  the  more  important  phenomena  of 
life  (nutrition  in  its  widest  sense,  development,  and  reproduction  ; move- 
ment, sensation,  and  psychical  activity)  take  place  quietly  and  uniformly, 
and  who  has  the  sense  of  well-being.  If  w'e  attempt  to  make  the  conception 
of  health  more  clearly  defined,  it  is  easy  to  fall  into  absurdities.  For,  in  a 
scientific  conception  of  health,  it  is  necessary  to  suppose  that  not  only  all 
parts  of  the  laxly  perform  their  normal  functions,  but  also  that  they  are 
normally  associated.  And  yet  in  this  there  may  occur  great  deviations  from 
the  ideal  type,  and  the  affected  jierson  remain  well  and  live  long.  In  a 
strict  scientific  sense,  it  may  be  said  that  no  one  is  healthy. 

lie  is  sick  in  the  sense  above  referred  to,  in  whom  the  phenomena  of  life 
are  disturbed,  or  upon  whom  external  physical  and  chemical  agencies  act 
with  unwonted  energy.  In  consequence,  the  affected  person  usually  has 
a feeling  of  ill-health.  Yet  this  conception  of  sickness  is  too  limited  ; since 
a person  may  for  a time  appear  to  exhibit  normally  performed  functions, 
and  may  have  the  feeling  of  complete  health,  and  yet  lx?,  seriously  ill. 

Consequently,  in  the  conception  of  disease,  we  must  include  not  merely 
modifications  in  the  state  of  feeling  and  in  the  performance  of  function,  but 
also  the  more  considerable  alterations  of  the  normal  structure,  and  composi- 
tion of  single  or  numerous  organs. 

It  follows  that  health  and  sickness  are  only  relative  and  conventional  con- 
ceptions ; that  the  healthy  state  very  gradually  passes  by  many  intermediate 
conditions  into  the  decidedly  sick  state  ; that  health  and  disease  are  not 
absolute  opposites. 

SuHi  jient  synonyms  of  the  word  disease  are  the  expressions  complaint, 
affection,  disorder.  Others  arc  occasionally  made  use  of,  as,  for  example, 
abnormality,  which  are  not  exact  equivalents,  because  while  the  conception 
of  the  normal  is  ideally  well  defined  ami  invariable,  that  of  health  is  broad, 
and  an  individual  may  be  said  to  lx?  iwerfectly  healtbv  in  spite  of  the  pres- 
ence of  various  abnormalities  (scars,  defective  external  parts,  absence  of  one 
kidney,  etc.) ; the  abnormalities  only  becoming  diseases  when  they  inter- 
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fere  with  important  functions,  produce  pain,  etc.  Lastly,  several  expres- 
sions are  in  use  to  convey  the  notion  of  slight  sickness,  as,  for  example, 
indisposition ; and  to  express  such  conditions  as  arise  in  consequence  of  dis- 
ease, but  which  are  partially  cured,  or  which  can  have  no  influence  upon 
the  general  organism.  The  words  malformation,  deformity,  are  applied  to 
such  as  occur  in  foetal  life,  and  defect,  vitium  (for  example,  amputation- 
stumps,  mutilations,  warts,  etc.),  to  those  arising  after  birth. 

The  so-called  feeble  health  (bodily  weakness,  valetudinary  state)  is  easily 
changed  into  disease  by  the  action  of  slight  causes.  It  is  congenital  or  ac- 
quired. It  is  often  met  with  in  the  convalescence  from  severe  diseases.  It 
is  not  rarely  simulated  by  a progressive  disease  which  cannot  be  diagnosed 
in  that  early  period;  as,  for  example,  phthisis. 

The  disturbances  which  constitute  disease  are  anatomico-pathological 
(that  is  to  say,  histological),  or,  chemico-pathological,  or  functional. 

Anatomico-pathological  and  histologico-pathological,  or  morphological 
alterations  (defects  of  form)  are  all  those  in  which  the  physical  relations  of 
the  part  are  changed.  These;  changes  consist  sometimes  in  general  swelling 
(inflammation  of  the  subcutaneous  connective  tissue),  sometimes  in  altera- 
tions of  consistence  (thickening  of  the  skin,  softening  of  the  brain),  some- 
times in  the  filling  or  coating  of  surfaces,  previously  exposed  to  the  air,  with 
dense  material  (laryngeal  croup,  inflammation  of  the  lungs),  sometimes  in 
disturbance  of  relations  (wounds),  sometimes  in  microscopical  changes  in 
the  cell-contents  (fatty  change,  etc.). 

CnEM ico- pathological  disorders  (defects  of  composition)  are  either  such 
as  manifest  themselves  by  altered  quantity  of  a chemical  ingredient  of  the 
body,  as  variable  amounts  of  blood  constituents,  urinary  substances,  etc., 
or  by  altered  quality  of  the  same,  as,  for  example,  change  in  the  fibrin 
after  frequent  venesections:  or  such  as  consist  in  the  existence  of  an  in- 
gredient in  an  abnormal  situation,  or  in  abnormal  quantities,  as  albumen  or 
sugar  in  the  urine,  urea  or  bile  in  the  blood,  uric  acid  in  joints. 

Alterations  of  form  and  composition  always  appear  together.  This  fol- 
lows from  the  processes  of  growth  and  nutrition  in  the  healthy  state,  in 
which  the  formation  of  a single  cell  without  chemical  activity  is  unimagin- 
able. And  we  also  have  a proof  of  this  in  the  direct  observation  of  the 
majority  of  those  diseases  which  have  been  studied  histologically  ami 
chemically. 

Functional  or  symptomatic  (or  dynamical)  disorders  arc  those  in  which 
we.  have,  as  yet,  been  unable  to  detect  any  material  lesion.  This,  for 
example,  is  often  the  case  in  pain  and  convulsions.  And  yet  in  these  con- 
ditions we  must  admit  the  existence  of  delicate  material  alterations,  which 
are  not  recognizable  with  our  present  means  of  investigation. 

In  many  cases  it  is  furthermore  important  to  recognize  an  affection  as 
idiopathic  or  symptomatic:  it  is  called  symptomatic  if  another  cause  is 
present  to  account  for  the  general  phenomena,  especially  fever,  as  for 
example,  roseola  in  typhoid  fever,  herpes  labiedis  in  intermittent  fever, 
pneumonia,  etc. ; contrarily,  when  no  other  cause  for  the  general  symptoms, 
particularly  fever,  can  he  made  out,  the  affection  is  called  idiopathic,  as 
roseola  jestiva,  auturnnalis,  herpes  of  the  lip,  etc. 

Every  alteration  has  a defined  seat.  The  causes  of  disease  do  not  usually 
affect  the  whole  body,  but  only  a portion  of  it  ; at  times  a tissue,  an  organ, 
or  a part  of  an  organ,  at  times  a system  of  tissues  or  organs.  In  the 
affected  part  there  must  next  ensue  a specified  change  in  substance,  an 
anatomical  or  a chemical  alteration,  or  both  together ; so  that  we  may 
maintain  that,  at  least  in  the  beginning,  every  alteration  is  local.  It  is 


GENERAL  NOSOLOGY. 


3 


possible  that  the  post  mortem  examination  of  the  organs  and  tissues  does  not 
enable  us  to  determine  this  localization  with  certainty  ; anatomical  investi- 
gation is  not  the  only  means  of  contributing  knowledge  to  pathology. 

Local  diseases  are  restricted  to  a tissue,  an  organ,  or  a portion  of  one, 
during  their  whole  existence  (local  diseases,  local  affections) ; or  they  may 
extend,  or  become  generalized. 

Extension  op  disease  takes  place  in  three  principal  ways:  1st,  by 
continuity  and  by  contiguity  ; 2d,  by  way  of  the  blood  and  the  lymph  ; 3d, 
through  similarity  in  the  structure  and  functions  of  tissues  and  organs. 

The  extension  of  disease  by  continuity  and  contiguity  is  easily 
demonstrable  by  sufficient  anatomical  knowledge.  We  see,  for  instance,  a 
spreading  by  continuity  in  the  catarrhal  inflammation  of  the  nasal  mucous 
membrane,  which  may  extend  to  the  frontal  sinuses,  to  the  antrum  of 
Highmore,  sometimes  to  the  lachrymal  ducts  and  conjunct iva>,  or  to  the 
Eustachian  tubes  and  the  middle  ear,  to  the  cheeks  and  pharynx,  sometimes 
to  the  larynx,  trachea,  and  bronchial  tubes.  An  extension  by  contiguity 
we  meet  with  in  many  affections  of  the  serous  membranes;  a progressing 
inflammation  of  the  stomach  or  intestinal  canal  frequently  produces  inflam- 
mation of  the  contiguous  part  of  the  parietal  or  hepatic  serous  membrane. 
The  extension  of  disease  by  continuity  and  by  contiguity  together,  we  see 
best  illustrated  in  the  serous  membranes.  A superficial  gangrene  focus  in 
the  lung  tissue  will,  for  instance,  cause  a consecutive  inflammation  of  the 
pulmonary  pleura  just  over  it,  and  this,  in  its  turn,  will  extend  bv  continuity 
over  the  remainder  of  the  pulmonary  pleura,  and  by  contiguity  to  the  costal 
or  diaphragmatic  pleura. 


Upon  serous  membranes  the  spreading  of  inflammation  takes  place  in  different 
ways,  according  to  the  seat,  of  the  primary  inflammatory  fix' us.  In  the  neighborhood 
of  the  apex  and  the,  posterior  aspect  of  the  lung,  at  the  place  of  origin  of  the  great 
vessels  from  the  heart,  at  the  relatively  immovable  segment  of  the  stomach  (the 
smaller  curvature)  uml  the  intestinal  canal  (csccnm),  the  inflammation  more  easily 
remains  circumscribed,  while  in  other  much  more  movable  parts  of  the  membranes  it 
extends  easily  through  on  t the  latter.  In  young  individuals  diseases  of  the  epiphyses 
seldom  extend  to  the  diaphyses;  which  is  accounted  for  by  the  fact  that  the  epiphyses 
and  diaphyses  have  each  their  proper  blood-vessels,  which,  for  the  most  part,  do  not 
communicate  with  each  other.  In  this  coumx-tion  we  might  mention  many  inexpli- 
cable phenomena.  Whereas,  for  example,  cancer  of  the  cardiac  orifice  always  impli- 
cates. sooner  or  later,  the  stomach  and  oesophagus,  cancer  of  the  pylorus  seldom 
attacks  the  duodenum.  ’ 

The  extension  of  disease  by  continuity  and  by  contiguity  must  be  understood  to  be 
such  in  a macroscopic  sense.  To  the  tnicrosco|*e  the  relation  of  parts  is  very  variable 
in  different  tissues ; sometimes  the  cells  lie  thickly  one  upon  another  (epithelia  cells), 
or  they  may  he  separated  from  ore-  another  by  interstitial  substance,  or  connected  by 
means  of  processes  (corpuscles  of  connective  tissue,  bone-corpuscles,  ganglion-cells), 
or  they  may  be  wholly  isolated  in  a fundamental  tissue  (cartilage-cells). 


1 HE  EXTENSION  OF  DISEASE  THROUGH  THE  BLOOD  AND  LYMPH  OCCUTS  ill 
one  oi  three  ways.  'I'lie  substances  contained  in  the  vessels  are  carried 
forward  by  the  current  of  blood  or  lymph,  and  deposited  in  other  parts  of 
the  vascular  system  (coagula,  bits  of  valves,  etc.);  or,  substances  originating 
outside  of  these  vessels  enter  them  (bile,  urea,  uric  acid,  lime-salts,  kit, 
etc.);  or,  lastly,  when  substances  from  without  the  body  enter  the  vascular 
system  (dust,  parasites,  poisons). 

1 he  SPREADING  OF  DISEASE  IN  SIMILAR  TISSUES  OR  SIMILAR  ORGANS 
does  not  at  the  present,  time  admit  of  any  satisfactory  explanation,  unless 
the  histological  and  physiological  identity  of  the  blood  and  the  nerves,  as 
well  as  the  causal  influences,  be  taken  into  consideration.  As  examples  of 
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this  sort  of  extension,  we  nmy  cite  affections  of  the  connective  tissue 
of  external  ami  internal  parts  (inflammation) ; of  the  bones  (inflammation, 
tuberculosis) ; of  the  joints  (articular  rheumatism) ; of  the  serous  membranes 
(inflammation,  tuberculosis,  cancer) ; of  the  skin  (many  forms  of  erythema, 
erysipelas,  eczema,  psoriasis,  syphilitics,  etc.),  and  diseases  of  double 
organs,  especially  the  eyes  and  kidneys. 

Whereas,  most  double  organs  are  symmetrically  diseased,  or  at  least  certain  diseases 
manifest  themselves  symmetrically  (tuberculosis  of  the  lungs,  syphilis  of  the  testes, 
inflammation  of  the  kidney,  and  the  kidney  affections  known  by  the  name  of  Bright’s 
disease,  etc.),  there  are  many  diseases  which  appear  only  in  one  of  the  double 
organs  (as,  for  example,  primary  cancer  of  the  eyeball,  of  the  lung,  of  the  kidney, 
testis).  This  is  nlso  in  part  true  of  both  sides  of  the  heart,  the  brain,  the  thyroid 
glaud,  etc. 

As  regards  the  extension  of  disease  through  the  medium  of  the  nerves,  that  is  to 
say.  in  a reflex  way,  our  knowledge  is  as  yet  so  imperfect  that  we  have  no  wish 
to  enlarge  upon  it  here.  That  this  does  take  plaoe  in  the  above-named  way,  by 
reflexion  from  sensorial,  sensitive,  and  motor  nerves  upou  sympathetic  nerves,  has 
been  rendered  certain  by  researches  upon  the  sympathetic. 

The  so-called  sympathetic  affections  of  the  eyes  are  of  great  practical  interest  in 
this  respect  (von  Gbasee,  Mooken,  and  others.  Consult  Feufmi'llkk,  Arch.  e. 
JAM.,  1871,  xii.,  p.  219;  POOJ^EY,  N.  Y.  Medical  Journal,  Oct.  1870). 

General  or  constitutional  diseases  affect  either  the  entire  organism, 
or  several  different  organs,  or  tissue-masses.  Those  general  diseases  in 
which  altered  composition  of  the  blood  is  demonstrable  are  called  dyscrasim, 
blood-diseases  (for  example,  chlorosis,  icterus,  aniemia) ; those  which 
become  general  through  the  medium  of  the  blood,  when  the  blood  lias 
probably  taken  up  some  poison,  without  an  evident  change  in  the  composi- 
tion of  this  fluid,  we  name  intoxications,  or  infectious,  toxic  diseases; 
Intoxication,  when  the  injurious  substance  is  derived  from  the  inorganic 
or  vegetable  kingdoms  lead  poisoning,  opium  intoxication,  probably 

malarial  disorders) ; Infection,  if  the  poison  is  received  from  a diseased 
animal  (e.r/.,  glanders,  anthrax,  hydrophobia),  or  from  a diseased  human 
being  ( e.g.,  measles,  small-pox,  hiccough,  typhoid  fever,  cholera,  syphilis). 

Even  in  the  case  of  general  or  constitutional  diseases,  the  lesions 
USUALLY  involve  isolated  elements  If  very  many  local  disorders  exist,  the 
disease  appears  to  be  general  because  of  its  numerous  foci.  Virchow  lias  particu- 
larly called  attention  to  the  existence  of  such  local  morbid  conditions  in  general  dis- 
eases, even  in  their  latent  stages  (as  in  syphilis). 

The  expression  localization  of  disease  implies  that  the  morbid  state  is  at  first 
general  and  afterward  becomes  local.  The  knowledge  of  the  local  importance  of 
every  disorder  contradicts  this  assumption.  And  yet,  the  doctrine  of  the  localiza- 
tion of  some  general  diseases  in  certain  stages  is  sometimes  correct.  In  nearly  all 
intoxications  the  poison,  be  it  lead,  measles,  or  typhoid-fever  poison,  first  makes  a 
local  imprt  ssiou  ; it  enters  the  blood  through  the  digestive  or  respiratory  organs, 
after  which  there  elapses  a certain  period  of  time,  during  which  it  is  impossible  to 
say  in  what  part  of  the  body  the  subsequent  morbid  lesions  will  appear.  When 
these  last  are  perceptible,  it  is  said  that  the  disease  has  localized  itself  here  and 
there.  The  expression  has  likewise  been  employed  to  designate  diseases  which  have 
always  been  recognized  as  local ; as,  for  example,  inflammation  of  the  lungs.  In 
this  disease  there  often  pass  by  one  or  two,  or  even  three  or  five  days,  in  which  the 
symptoms  of  a severe  illness  are  recognized,  but  in  which  there  are  no  signs  pointing 
to  the  lungs  as  the  seat  of  the  affection.  If  it  be  said  that  the  disease  has  localized 
itself  in  the  lungs,  we  only  mean  that  the  local  starting-point  of  the  disorder  could 
not  sooner  be  recognized. 

There  are  still  other  inodes  of  conception  of  disease  which  have  been  made  use  of 
to  designate  tendencies  in  medicine. 

Just  as  pathologists  at  various  times  have  considered  the  humors  or  the  solid  parts 
of  the  body  as  the  starting-points  and  channels  of  propagation  of  disease,  so  phy- 
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fiioians  have  distinguished  themselves  as  HUMORAi.rSTS  or  solidists.  Among  solhl- 
ists  the  NEURO-PATHOLOGISTS  and  cellular  PATHOLOGISTS  must  be  separately- 
designated.  It  is  the  aim  of  cellular  pathology  to  place  our  anatomical  notions  of 
disease  upon  an  histological  foundation,  i.  e. , to  connect  them  with  the  smallest 
integral  parts  which  the  microscope  can  discover.  It  is  important  enough  that  onr 
general  notions  should  be  sensorial  in  so  far  as  is  possible;  but  it  was  an  error  to 
suppose  that  cellular  pathology  embraced  the  whole  of  pathology.  For  the  latter  the 
blood  and  nerves  are  quite  as  important  as  the  cells  of  organs. 

In  earlier  times  disease  was  looked  upon  as  something  foreign  to  the  organism,  as 
something  forced  upon  it.  as  something  separate  from  the  lite  of  the  body.  This 
conception,  according  to  which  disease  was  a particular  entity  (ox.  ckx,  I which  lodged 
in  the  body,  was  called  ontological.  Many  went  so  far  as  to  speak  of  disease  as  em- 
bodied. Many  expressions  still  in  common  use.  as  "the  disease  attacks  the  body,’’ 
“ the  body  struggles  with  the  disease,”  “ the  physician  combats  the  disease,”  *•  na- 
ture has  overcome  the  disease,”  etc.,  serve  to  remind  us  of  the  older  notions. 

Again,  medical  men  have  been  designated  as  EMPIRICISTS  and  rationalists  in 
matters  of  pathology,  but  more  in  regard  to  therapeutics.  lie  is  an  empiricist  who 
reasons  as  little  as  possible,  does  not  concern  himself  about  the  explanations  of 
separate  symptoms,  or  of  the  mode  oi  action  of  medicaments,  but  who  relies  on  ex- 
perience. If  he  l>e  old  in  years,  and  iij>e  in  so-called  practical  experience,  he  will 
attach  especial  importance  to  his  own  observations.  On  the  contrary,  those  physi- 
cians arc  called  rationalists  who  do  not  value  the  facts  themselves  so  highly  as  their 
explanation,  and  wnoseek  the  advance  of  pathoh  gy  in  the  connecting  of  every  morbid 
manifeetatation  immediately  with  physiological  data.  From  this,  however,  nothing 
can  issue  but  a pathology  -whose  facts  are  taken  from  the  sick,  together  with  certain 
associated  physiological  hypotheses. 

Lastly,  much  is  said  of  anatomical  and  physiological  medicine.  The  anatom- 
ical school  busies  itself  with  the  investigation  of  anatomical  changes  in  the  diseased 
organs  and  the  r relation  with  the  symptoms  exhibited  during  life.  All  important 
progress  in  medicine  has  been  dependent  upon  anatomico-pathological  discoveries. 
Up  to  the  present  time  no  method  of  study  has  penetrated  so  far  towards  the  seat 
and  causes  of  disease  as  pathological  anatomy.  The  anatomical  study  of  disease,  as 
well  u.s  it.s  histological  or  cellular  study,  is  provisionally  the  most  solid  basis  for  our 
reasoning.  And  yet  pathological  anatomy  cannot  by  itself  explain  the  relations 
of  phenomena  in  the  sick ; this  is  best  done  by  a knowledge  of  similar  processes  in 
the  healthy  body,  and  the  study  of  morbid  processes  by  all  the  meth  »ds  which  are 
used  in  physiology  for  tlm  investigation  of  the  functions  of  the  normal  body.  This 
is  physiological  medicine. 

The  correctness  and  importance  of  the  pretension  to  build  np  pathology  upon  a 
physiological  basis  rest  upon  these  two  considerations.  First,  it  is  nect-sary  to 
maintain  the  elementary  notion  that  morbid  processes  do  not  essentially  differ  from 
normal  ones : each  morbid  manifestation  finds  its  analogue  in  physiological  condi- 
tions and  processes.  There  are  no  specific  chemico  pathological  bodies.  Leucin  and 
ty rosin,  which  were  looked  upon  by  their  discoverer  as  the  cause  of  the  nervous 
symptoms  in  atrophy  of  the  liver,  were  soon  proven  to  be  usual  constituents  of  the 
healthy  body.  There  are  no  specific  pathological  forms.  It  was  believed,  a while 
ago,  that  peculiarly  formed  cells  could  be  said  to  exist  in  tubercle,  sarcoma,  cancer  ; 
a statement  which  has  been  shown  to  be  false.  There  are  no  spe.eilie  pathological 
symptoms  ; even  the  venous  pulse,  which  is  ouly  met  with  in  morbid  states,  has  its 
analogue  in  the  arterial  pulse. 

We  may,  as  has  been  done  by  Virchow,  designate  the  general  morbid  processes  as 
IIETEROCHKONIC  and  Heterotopic  : that  is  to  aay,  as  processes  whiua  would  be 
called  normal,  did  they  take  place  at  a different  time  or  in  a different  spot.  For 
example,  an  effusion  of  blood  in  the  ovary  at  the  time  of  menstruation  is  normal; 
an  effusion  of  blood  into  the  brain  is  always  abnormal,  arid  is  flic  cause  of  other  mor- 
bid phenomena  ; we  have  here  heterotopia.  Hemorrhage  from  the  mucous  mem- 
brane of  the  uterus  at  a certain  time  (menstruation)  is  normal ; at  other  times 
abnormal,  a kteih mjii roni a. 

I here  is  no  radical  difference  between  the  forces  and  the  substances  by  means  of 
which  normal  and  morbid  life  is  kept  up ; no  important  difference  between  phy- 
siological and  pathological  laws.  The  difference  lies  in  the  conditions  under  which 
the  forces  and  substance*  of  the  body  operate. 

lhe  second  important  factor  which  is  fundamental  in  the  conception  of  physiolog- 
ical medicine,  is  the  manner  in  which  the  altered,  that  is  to  say,  pathological  phe- 
nomena of  life  are  investigated.  This  is  the  so-highly  praised  physiological  method. 
However,  physiology  knows  no  methods  save  those  of  chemistry,  and  chemistry  none 
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save  those  of  physics.  Surely  a knowledge  of  diseased  life  presupposes  a knowledge 
of  healthy  lift!  ; pathology  assumes  the  existence  of  physiology.  Pathological  phe- 
nomena must  be  studied  by  themselves,  and  though  one  may  be  a very  good  physi- 
ologist, and  not  understand  all  the  phenomena  of  the  sick-bed,  yet  we  may  speak  of 
iu  pathology  built  up  by  scientific  methods  ; although  in  the  strict  sense  of  the  word, 
a special  physiological  medicine  is  an  empty  phrase. 

The  sources  of  general  pathology  as  well  as  those  of  practical  med- 
icine, art;  PHYSICS,  CHEMISTRY',  anatomy,  and  PHYSIOLOGY.  To  be  more 
particular,  there  are  four  branches  from  which  the  materials  of  general 
pathology  are  chiefly  derived:  Observation  at  the  Bedside,  Experi- 
mentation, Pathological  Anatomy,  and  Pathological  Chemistry. 

Observation  at  the  Bedside,  which  includes  the,  special  pathology  of 
internal  and  external  diseases,  as  well  as  all  those  associated  branches  which 
have  in  later  years  been  separated  from  it,  such  as  pathological  chemistry 
and  physics,  stands  in  the  most  intimate  relation  to  general  pathology;  every 
progress  in  the  former  naturally  benefits  the  latter,  and  vice  versa. 

Experimental  Pathology  presents  the  same  advantages,  and  is  open  to 
t lie  same  objections  as  experimental  physiology.  The  real  value  of  the 
experiment  consists  in  that  it  can  be  performed  under  determined  circum- 
stances of  place,  time,  and  conditions;  the  latter  may  be  indefinitely  varied, 
and  death  can  be  induced  at  a precise  period  after  the  experiment.  These 
advantages  are  offset  l>v  a variety  of  serious  disadvantages.  A number  of 
deeply  placed  organs  are  not  at  all  accessible,  or  only  made  so  by  the 
injuring  of  other  almost  equally  important  parts;  most  experiments  are 
accompanied  by  disturbing  complications  (luemorrhage,  pain,  agitation ;) 
experimental  assaults  are.  usually  much  more  violent  and  more  sudden  than 
are  lesions  of  so-called  spontaneous  origin  ; weak,  or  gradually  encroach- 
ing irritation  is  not  feasible  in  many  parts.  Furthermore,  the  experi- 
menter has  to  contend  with  peculiar  difficulties  in  individual  organs  or 
systems  ; in  the  nervous  system,  for  example,  no  conclusive  experiments 
can  he  made  upon  the  higher  senses,  or  upon  the  higher  psychical  func- 
tions; and  farther,  experiment  is  useful  only  for  perceiving  the  occurrence 
of  strongly  marked  symptoms,  for  slight  irritations  or  palsies  usually  escape 
observation  ; and,  lastly,  there  is  a whole  series  of  lesions  which  appear 
in  man  and  in  animals  spontaneously,  or  from  the  operation  of  unknown 
causes,  and  which  cannot  be  reproduced  by  experiment,  such  as  for  example, 
as  the  atrophy  of  amyloid  degeneration,  cancer  among  new- format  ions,  etc. 

In  spite  of  these  drawbacks  we  owe  to  experimentation  a series  of  the 
most  certain  and  beautiful  observations  of  general  pathological  interest. 
Vt'c  will  mention  only  a few,  such  as  have  benefited  pathology  relatively 
more  than  physiology.  In  the  first  place,  there  are  a number  of  questions 
in  aetiology  to  which  experimentation  has  given  exact  answers.  This  has 
been  the  case  with  regard  to  the  origin  of  most  of  the  so-called  mechanical 
and  chemical,  or  toxic  diseases,  with  regard  to  the  transfer  of  several 
vegetable  and  animal  parasites,  particularly  tsenia  and  trichina,  with  refer- 
ence to  vaccination  most  notably,  and  with  regard  to  the  iuoculability  of 
syphilis  and  tubercles.  That  a*tiology  will  be  a true  one  which  shall  be 
based  upon  conclusions  derived  from  experimental  pathology,  and  shall 
not,  as  at  present,  consist  in  great  part  of  a fruitless  chaos  of  real  and 
imaginary  causes  of  disease.  But  to  this  end  a preparatory  schooling  is 
necessary,  which  few  experimenters  possess,  including  a theoretical  and 
practical  knowledge  of  physics,  chemistry,  physiology,  and  pathology,  as 
well  as  the  spirit  not  to  shrink  from  making  difficult  preliminary  studies 
before  undertaking  the  solution  of  seemingly  simple  questions. 
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There  are  also  some  processes  for  a complete  explanation  of  which 
pathology  is  indebted  in  part  to  experiment,  and  in  part  to  observation  at 
the  bedside.  We  will  recall  only  the  observations  upon  the  regeneration 
ami  new  formation  of  tissues,  in  particular  the  connective,  bony,  and  mus- 
cular tissues,  the  blood-vessels,  and  nerves ; to  the  alterations  in  the  blood 
during  stagnation  of  the  fluid  within  the  vessels,  or  in  extravasations ; to  the 
appearance  of  hypenemia  after  section  of  the  sympathetic ; to  the  various 
inflammation  experiments,  the  old  observations  upon  the  transparent  parts 
of  animals,  and  the  recent  ones  by  section  of  certain  nerves  ; to  the  experi- 
ments upon  the  derivation  of  pus  ; to  the  experiments  upon  thrombosis, 
embolism,  and  the  long  series  of  observations  upon  pyaemia ; to  experi- 
ments demonstrating  the  mechanical  production  of  many  dropsies;  to 
experiments  upon  the  origin  of  fever,  icterus,  uranuia,  diabetes,  tubercu- 
losis, etc. 

Pathological  Anatomy  has  exerted  nu  extraordinary  influence  upon 
general  pathology  in  two  ways;  by  the  reformation  of  medicine  in  general, 
as  well  as  by  the  discovery  of  a mass  of  peculiar  histolugico-pathological  facts. 

The  first  point,  the  overthrow  of  the  ancient  symptomatic  medicine  by 
pathological  anatomy,  is,  in  general,  well  understood.  “The  progress  of 
medical  science  has  been  from  the  first  intimately  bound  up  with  the  pro- 
gress of  anatomy.”  *•  Pathological  anatomy  must  la:  considered  as  not 
merely  the  foundation  of  medical  knowledge,  but  also  of  the  medical  art, 
since  it  contains  all  that  is  positive  knowledge  in  medicine,  or  the  founda- 
tion of  it.”  Pathological  anatomy  has  newly  discovered  a great  number  of 
diseases,  which  have  symptoms  apparently  just  like  those  of  other  diseases. 
This  science  has  made  it  possible  that  our  so-called  physical  diagnosis  should 
have  reached  so  high  a degree  of  perfection  as  it  has.  Such  affections  as 
are  not  demonstrable  by  means  of  the  scalpel  and  microscope  are,  with  very 
few  exceptions,  exceedingly  obscure. 

The  influence  of  pathological  anatomy  and  histology  upon  general  pathol- 
ogy became  more  specially  secured  by  means  of  the  microscope,  to  which 
alone  we  are  indebted  for  a wholly  new  science,  the  general  anatomy  of  the 
healthy  and  diseased  tissues  of  the  laxly.  This  influence  is  most  apparent 
in  the  knowledge  of  the  causes  and  consequences  of  haemorrhage,  thrombo- 
sis and  embolism,  gangrene,  dropsy  ; in  the  knowledge  of  inflammation;  in 
that  of  atrophies  and  new-formatious. 

Pathological  Chemistry  has  not  merely  contributed  to  our  knowledge 
of  numerous  special  diseases  (renal  affections,  etc.),  and  of  general  patho- 
logical processes  (fatty  and  pigmentary  degenerations,  many  so-called  dis- 
eases of  nutrition),  but  it  also  first  enabled  us  to  know  well  the  nature  of 
several  diseases,  such  as  diabetes  mellitus,  uramia,  general  fatty  degenera- 
tion, etc.  ; and  it  has  thus  become  one  of  the  important  supports  of  general 
pathology.  All  great  advances  in  the  next  few  years  must  be  looked  for 
in  this  line  of  investigation. 

lhese  are  the  sources  whence  has  come  our  knowledge  of  general  pathol- 
ogy,  and  it  is  from  them  that  its  future  development  is  to  be  derived, 
lledside  observation  should  be  as  painstaking  as  possible,  and  each  individ- 
ual case,  should  be  investigated  by  the  help  of  all  means  of  examination.  It 
is  only  too  true  that  such  complete  analysis  is  possible  only  in  well-orgau- 
iz'-d  hospitals.  On  the  other  hand,  it  should  be  borne  in  mind  that  a host 
ot  questions  are  to  he  solved  only  in  private  practice,  and  by  the  family 
physician.  Unfortunately  the  latter  now  withdraws  from  the  proper  culti- 
vation ot  science,  and  would  hold  the  hospital  physician  responsible  for 
iuturo  progress.  Experimentation  should  fulfill  the  conditions  pointed  out 
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above,  and  bo  brought  into  use  only  where  exact  investigation  of  the  patient 
and  post  mortem  examinations  fail  to  yield  the  solution.  Lastly,  pathologi- 
cal anatomy  should  perform  a double  function  ; it  should  on  the  one  hand, 
and  that  perfectly  independently  of  medical  observation,  endeavor  to  define 
all  alterations  of  the  organism,  with  full  histological  and  histo-chemical 
details,  more  especially,  however,  in  their  genetic  relations,  and  their  beha- 
vior toward  the  organization  in  general.  On  the  other  hand,  it  should  be 
closely  united  with  clinical  observation,  and  should  study  after  death  the 
alterations  recognized  in  well-observed  cases  during  life.  Lastly,  patholo- 
gical chemistry  should,  in  conjunction  with  the  above  means,  particularly 
bedside  observation,  become  our  most  important  aid. 

At  different  epochs  some  of  the  above-named  sources  of  knowledge  have  been 
especially  cultivated.  In  the  last  few  years  this  has  been  true  of  experimental  pa- 
thology, which  has  been  employed  by  a few  experts  and  by  many  inexperienced  men, 
and  which  has  injuriously  been  brought  in  to  complicate  clinical  questions,  causing 
errors  which  cannot  be  avoided  by  the  use  of  that  method  alone. 


GENERAL  SYMPTOMATOLOGY  AND  DIAGNOSIS. 

The  phenomena  of  disease,  those  alterations  in  the  physical,  chemical, 
and  vital  attributes  of  the  body  which  are  noticeable  by  the  physician 
and  the  patient,  are  called,  in  distinction  from  the  phenomena  of  healthy 
life,  symptoms  or  signs  of  disease.  The  knowledge  of  these  signs  constitutes 
skmeiology  or  symptomatology.  The  art  not  merely  of  concluding  from 
them  to  existing  local  alterations,  but  also  of  obtaining  a knowledge  of  the 
compatible  and  actually  existing  conditions,  or,  as  is  said,  the  art  of  making 
a diagnosis,  is  called  diagnosis. 

In  earlier  times  it  was  more  usual  to  make  a symptomatic  diagnosis  ; 
we  were  contented  with  the  determination  of  the  most  striking  symptoms, 
and  we  consequently  spoke  of  fever,  pain,  spasm,  dropsy,  jaundice,  without 
taking  into  consideration  the  causes  of  these  conditions.  Even  at  the  pres- 
ent day  we  must  often  remain  contented  with  such  a statement.  It  is 
possible,  however,  in  many  cases  to  ascertain  the  existence  of  definite 
alterations  upon  which  the  phenomena  depend ; this  constitutes  the  anatom- 
ical diagnosis. 

The  requirements  of  a complete  diagnosis  include  not  merely  the  recog- 
nition of  the  organ  chiefly  diseased,  but  also  that  we  should  obtain  as 
thorough  a knowledge  as  possible  of  the  condition  of  all  the  organs,  by  an 
examination  of  the  patient  by  all  the  means  in  our  power. 

There  are  a few  symptoms  whose  presence  indicates  with  certainty,  and 
even  necessity,  the  existence  of  certain  conditions — the  so-called  pathogno- 
monic symptoms  ; such  as  the  pulsation  of  the  jugular  vein  at  the  base  of  the 
neck,  and  the  hepatic  pulsation  in  insufficiency  of  the  tricuspid  valves,  the 
rust-colored  sputa  in  pneumonia.  Such  symptoms  are  however  few,  and 
their  number  lias  diminished  more  and  more  with  the  growth  of  pathological 
knowledge.  Nearly  always  we  cannot  conclude  from  a single  symptom  to 
the  existence  of  a given  morbid  state ; we  must  consider  a number  of  symp- 
toms together. 

The  term  negatively  pathognomonic  symptoms  may  bo  given  to  such 
as  do  not  at  ali,  or  hardly  ever  occur  in  certain  diseases — as  herpes  Inbialis 
in  typhoid  fever,  many  temperature  changes  in  various  diseases. 

Symptoms  are  commonly  divided  into  direct  and  indirect,  lhediiect 
are  such  as  depend  immediately  from  the  altered  organ,  such  as,  for  example, 
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the  color  and  other  peculiarities  of  the  skin,  the  volume  of  organs,  their 
hardness  or  softness,  unevenness  or  smoothness.  Indirect  symptoms  are 
the  consequences  of  certain  states  of  organs,  whose  direct  examination  is  not 
practicable.  The  pulse  belongs  to  this  class  in  that  it  sometimes  indicates 
disease  of  the  heart  and  arteries,  or  morbid  states  of  other  organs.  Many 
alterations  of  the  urine  and  sweat  belong  to  the  class  of  indirect  symptoms,  as 
in  hepatic  and  cerebral  diseases  ; some  disorders  of  the  stomach  are  indirect 
symptoms  of  renal  disease,  etc. 

Besides,  we  separate  functional  from  statical  symptoms.  Functional  or  active 
symptoms  give  information  respecting  the  degree  and  mode  of  activity  of  organs,  as 
movements,  sensations ; as,  for  example,  dyspnoea,  pain  in  the  chest  in  thoracic  dis- 
eases. Passive  or  statical  symptoms  indicate  only  certain  localized  conditions  of 
organs,  as  changes  in  the  form  of  the  thorax,  and  alterations  in  the  structure  and 
texture  of  parts. 

Furthermore,  symptoms  are  designated  persistent  when  they  occur  throughout 
a disease  ; and  intercurrent  when  they  show  themselves  from  time  to  time. 

Very  important  is  the  distinction  between  objective  ami  subjective 
symptoms.  By  the  term  subjective  symptoms,  we  understand  such  as  the 
patient  himself  feels,  as  pain,  a sense  of  pressure,  of  constriction,  etc.  They 
WO  modified  iu  the  most  varied  wav  by  the  peculiarities  of  patients.  They 
are  more  prominent  in  young  and  pampered  individuals,  whereas  many 
severe  diseases  in  old  age  are  distinguished  by  the  absence  of  these  signs. 
In  this  class,  the,  first  rank  is  occupied  by  the  symptom  of  pain,  i.e.,  abnor- 
mal natation,  or  abnormally  increased  activity  of  sensitive  nerves. 

Objective  symptoms  are  such  as  the  physician  can  observe  and  appreciate 
through  his  senses.  To  this  end  we  use  the  eye,  inspecting  directly  as  in 
cases  of  disease  of  the  skin  and  accessible  mucous  membranes  ; or  with  the 
help  of  illumination,  as  with  the  ophthalmoscope,  laryngoscope,  specula, 
etc.  Sometimes  we  employ  the  ear,  as  in  studying  the  phenomena  of  per- 
cussion anti  auscultation  ; at  others  the  tact,  in  order  to  ascertain  the  changes 
in  the  consistency  of  parts,  for  the  study  of  tumors,  of  pulse-changes,  to  ex- 
amine the  vagina,  rectum,  etc.  To  this  category  we  must  also  add  all  <he 
results  obtained  by  measurement,  weighing,  by  the  thermometer,  by  micro- 
scopical and  chemical  examination,  etc. 

The  value  of  various  symptoms  in  the  critical  appreciation  of  a case  is  of 
course  very  different.  In  general  the  value  of  a sign  dej lends  upon  the 
clearness  and  certainty  with  which  it  can  Ire  made  out,  and  also  upon  the 
degree  of  certainty  with  which  its  production  can  be  traced  to  a particular 
organ.  Iu  consequence  of  the  greater  degree  of  positiveness  they  bring  with 
them,  objective  symptoms  are  of  much  greater  value  than  the  subjective. 

Among  objective  signs  there  are  some  which  are  brought  to  light  by 
physical,  chemical,  or  microscopical  methods  of  investigation,  and  which  are 
peculiarly  reliable  and  valuable.  The  most  objective,  and  better  named 
most  physical  SYMPTOMS,  are  such  as  are  not  merely  observed  by  means  of 
instruments,  but  which  are  in  themselves  measures  of  the  amount  of  the 
phenomena.  To  this  class  belongs  thermometry  ; for,  while  the  estimation 
of  skin  heat  by  the  hand  is  in  the  highest  degree  fallacious,  by  the  correct 
application  of  the  thermometer  we  not  only  obtain  the  exact  temperature 
as  a tact,  but  we  also  thereby  obtain  a measure  in  degrees  of  the  amount  of 
fever  present.  On  the  other  hand,  it  is  a misuse  of  the  term  physical  if  we 
speak  of  auscultation  and  percussion  as  “physical  diagnosis;”  because  much 
more  depends  upon  tin*  experience  of  the  observer  and  the  dexterity  of  his 
bauds  in  percussion  than  upon  accuracy  of  hearing;  and  we  possess  no 
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objective  measure  for  the  phenomena,  such  as,  for  example,  clear  and  dull 
sounds. 

In  order  correctly  to  appreciate  phenomena,  even  the  objective,  we  not  only  need 
a knowledge  of  anatomy  and  physiology,  of  pathological  anatomy,  pathology,  etc., 
but  also  special  preparation  and  experience.  Above  all,  we  must  know  what  to  look 
for,  what  to  observe,  and  we  must  also  be  expert  in  those  methods  by  which  the 
phenomena  are  noted  at  the  bedside.  The  physician  of  to-day  must  possess  more 
than  mere  technical  knowledge,  he  must  have  that  skill  which  is  only  to  be  acquired 
by  instruction  and  industrious  practice  (WUNDERLICH). 

Latent  diseases  are  such  as  remain  wholly  or  partially  concealed  from 
the  physician  in  all  or  many  cases,  at  their  beginning  or  during  their  whole 
duration.  This  is  either  because  the  organs,  with  which  they  are  connected, 
are  inaccessible  to  examination  (many  parts  of  the  lungs,  the  liver,  pancreas, 
etc.),  or  because  the  functions  of  the  parts  are  not  known  (certain  brain 
regions),  or  because  the  disease  is  very  much  restricted  (many  pulmonary  in- 
flammations, cancer  of  internal  organs),  or  because  they  are  developed  slowly 
and  the  physical  properties  and  the  functions  of  the  organ  are  not  percepti- 
bly modified.  Many  diseases,  serious  in  themselves,  remain  latent,  because, 
as  a consequence  of  their  existence,  compensatory  conditions  are  developed,  in 
consequence  of  which  they  (the  diseases)  remain  without  symptoms;  for 
example,  hypertrophy  of  muscular  organs  behind  narrow  places,  as  at  the 
cardiac  orifices,  the  digestive  apparatus,  the  urethra,  in  collateral  circula- 
tion, etc. 

The  subjective  symptoms  of  severe  disease  of  an  organ  not  seldom  remain  latent, 
if  another  organ  be  equally  or  more  severely  affected  ; as,  for  instance,  the  symptoms 
of  pulmonary  tuberculosis  in  cases  of  extreme  tuberculosis  of  the  larynx  or  intestines. 

Very  often  the  phenomena  lead  us  to  suppose  that  there  is  disease  of  a 
part,  without  being  sufficient  to  enable  us  to  determine  the  nature  of  the 
disease. 

The  concealment  of  a disease  is  often  only  relative.  For  in  the  majority 
of  cases  the  symptoms  can  only  be  discovered  bv  peculiar  methods  of 
investigation  and  by  modes  of  reasoning,  it  follows  that  their  discovery  will 
depend  upon  the  individual  degree  of  skill,  knowledge,  and  the  faculty  of 
judgment  of  the  investigator. 

The  further  subdivision  of  symptoms  into  primary  and  secondary,  essential  and 
accidental,  consensual  or  sympathetic,  local  and  general,  is  in  part  self-evident  and  in 
part  worthless. 

There  are  three  ways  to  arrive  at  a diagnostic  judgment.  These  are  of 
different  degrees  of  value  and  certainty.  If  we  wish  to  proceed  safely  we 
must  not  follow  the  first  and  second  ways  alone. 

The  first  method  is  diagnosis  at  a distance,  the  recognition  of  tiie 
disease  at  A first  glance.  In  many  diseases  of  the  skin,  of  the  mouth, 
and  pharynx,  of  the  joints,  a single  inspection  is  sufficient.  In  other  dis- 
eases, however,  to  content  one’s  self  with  such  an  examination  would  prove 
most  superficial,  and  would  often  lead  into  error.  In  this  connection  wo 
should  take  note  of  the  general  impression  made  upon  us  by  the  patient ; 
and  this  becomes  more  instructive  for  the  physician  the  more  he  has  the 
habit  of  quickly  analyzing  a patient’s  general  appearance.  Even  if  we 
cannot,  in  this  manner,  recognize  the  disease  itself,  we  may  often  obtain 
information  of  use  in  determining  the  location,  degree  of  severity,  and 
danger  of  the  disease.  We  use  the  same  procedure  in  daily  life.  If  we 
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meet  a stranger,  we  conclude  from  physiognomy,  the  expression  of  his  eyes, 
his  gestures,  his  deportment,  from  the  first  impression  we  have  of  the 
development  of  certain  parts  of  his  body,  to  his  inner  psychical  life,  his 
character,  his  education,  occupation,  his  ruling  ideas  and  pursuits.  In  the 
same  way  the  expert  can,  from  the  color  of  the  face,  from  the  facial  expres- 
sion, the  posture,  mode  of  lying,  the  walk  of  the  patient,  from  his  manner 
of  breathing,  of  speaking,  etc.,  often  draw  apposite  conclusions  as  to  the 
nature  of  the  disease. 

The  second  wav  to  form  a diagnosis  constitutes  diagnosis  from  the 
anamnesis,  that  is,  from  the  story  which  the  patient  tells  of  his  illness.  This 
account  usually  consists  only  of  a recital  of  sensations  of  the  most  varied 
kind,  intermingled  with  conjectures  upon  the  origin  of  the  disease.  If  the 
patient  be  competent  to  give  a chronological  account  of  the  course  of  his 
ailment,  it  is  sometimes  possible  to  draw  some  conclusions  from  the  often 
confused  story  as  to  the  condition  of  the  patient’s  body.  It  is  necessary  to 
understand  popular  expressions  in  order  to  be  able  to  translate  their  vague 
import  into  medical  language.  The  physician  is  sometimes  obliged  to  give 
advice  to  and  treat  patients  at  a distance  upon  such  sources  of  information 
transmitted  by  letter.  It  is  well  always  to  do  this  with  the  greatest 
caution,  for  it  is  natural  that  incomplete  observation  should  lead  our  judg- 
ment into  error. 

The  third  and  surest  diagnostic  process  is  the  objective  investiga- 
tion. We  in  this  way  seek  to  convince  ourselves  by  actual  sensorial 
observation  of  the  anomalies  presented  bv  the  diseased  organism.  In  order 
to  arrive  at  the  most  positive  and  comprehensive  judgment  of  the  condition, 
it  is  not  sufficient  to  investigate  that  part  of  which  the  patient  complains, 
but  we  must  inquire  into  the  state  of  every  part  of  the  body,  and  the  con- 
dition of  every  function.  This  last  rule  is  essential  if  one  means  to  proceed 
in  a well-grounded  and  certain  manner.  The  physician's  art  consists  mainly 
in  the  thoroughness  of  his  examination.  Without  this,  in  spite  of  thorough 
scientitic  acquirements,  he  remains  practically  a useless  man. 

The  examination  of  patients  consists  of  two  parts. 

The  first  is  devoted  to  the  obtaining  of  the  anamnesis  (or  history  of  the 
case).  The  conversation  is  most  properly  begun  by  a general  inquiry, 
What  tlo  you  complain  of,  where  is  your  trouble?  Then  the  patient  may 
be  allowed  to  talk  uninterruptedly  for  awhile,  but,  as  soon  as  he  wanders 
otl  to  irrelevant  matters,  as  he  commonly  soon  does,  then  it  is  necessary  to 
ask  special  questions.  In  order  to  reach  a conclusion  in  as  short  a time  as 
possible,  and  to  demonstrate  our  interest  in  the  patient’s  condition,  we  first 
investigate  the  organ  or  function  which  he  believes  to  be  in  a morbid  state. 

For  example,  if  the  patient  complain  of  chest  symptoms,  we  are  to  pro- 
ceed at  once  in  this  direction.  The  important  points  in  this  connection 
are  : Cough,  how  much,  at  what  time  of  the  day  ; if  chronic,  whether  it  bo 
actually  present,  or  at  times  altogether  wanting; — Expectoration,  its  loose- 
ness, quantity,  and  color; — Dyspnoea,  whether  when  at  rest,  or  excited  by 
movement; — Pain,  dull  or  sharp;  its  seat,  whether  in  the  centre  or  side  of 
chest; — the  mode  of  lying,  whether  upon  the  right  or  left  side,  or  if  pos- 
sible on  both  sides.  And  fur  the  larynx,  hoarseness,  etc.  ; for  the  nose, 
hi  reding,  etc. 

In  an  analogous  way  the  physician  should  investigate  the  condition  of 
the  digestive  organs,  the  urinary  apparatus,  etc.,  and  inquire  into  altera- 
tions of  nutrition,  into  the  presence  or  absence  of  fever. 

if  we  wish  to  make  a more  special  inquiry,  it  becomes  necessary  to  ascer- 
tain exactly  the  duration  and  course  of  each  individual  symptom,  and,  espe- 
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cially  in  chronic  diseases,  to  determine  all  the  circumstances  which  have 
caused  improvement,  or  which  have  made  the  disease  worse. 

Questions  concerning  the  name,  age,  and  condition  of  the  patient,  which 
usually  in  hospitals  precede  the  examination  of  the  patient,  should  in  pri- 
vate practice  be  asked  at  the  close  of  the  examination,  or  casually  during 
it.  Inquiries  into  the  causes  of  disease  in  general,  into  the  health  of 
parents,  grand-parents,  sisters  and  brothers,  into  the  dwelling,  victuals, 
clothing,  habits  (as,  for  example,  indulgence  in  alcoholic  drinks,  in  smoking, 
exercise,  sexual  intercourse,  into  previous  diseases,  especially  syphilis), 
in  the  case  of  young  children,  into  the  mode  of  feeding,  into  teething,  may 
in  many  cases  be  wholly  omitted  ; otherwise  they  are  asked  incidentally, 
or  at  the  end  of  the  examination.  No  very  exact  rules  can  be  given  in 
this  connection;  many  of  the  physician’s  questions  appear  to  the  patient  to 
be  prompted  by  mere  curiosity,  unimportant  ones  as  very  necessary,  etc. 

In  the  case  of  unconscious  or  irresponsible  patients,  or  of  young  chil- 
dren, we  must  obtain  the  anamnesis  from  the  persons  around  the  patient. 

The  second  part  of  the  examination  consists  in  the  study  of  the  present 
condition  of  the  patient,  the  status  praetens. 

It  is  best  to  proceed  in  a systematic  way  to  examine  the  various  organs, 
in  order  to  overlook  nothing  of  importance.  It  is  well  to  begin  with  an 
examination  of  the  nutrition  of  the  whole  body,  color,  etc.,  of  the  skin. 
Then  the  temperature  should,  if  required,  be  measured  by  means  of  the 
thermometer. 

After  this  we  proceed  to  the  examination  of  special  parts  of  the  body, 
beginning  with  those  •which  are  most  involved  in  the  disease,  or  whose  dis- 
eases are  most  important;  the  head  (the  mouth  and  pharynx  inclusive), 
neck,  cheat,  abdomen  (also  the  genital  organs),  the  extremities.  The 
examination  should  conclude  with  a study  of  the  secretions  and  excretions. 

If  the  above  procedure  has  been  exactly  carried  out,  it  is  quite  possible, 
in  the  present  state  of  our  knowledge,  to  form  an  approximately  exact  notion 
of  the  condition  of  the  patient’s  organs,  in  most  cases  of  chronic  disease, 
and  developed  acute  diseases.  Next  to  the  exactitude  of  the  investigation, 
its  many-sidedness  should  be  urged. 

The  art  of  diagnosis  is  only  to  be  learned  by  long  practice  at  the  bed-side. 
In  general  terms,  the  process  of  drawing  the  most  correct  conclusion  as  to 
the  condition  of  organs  from  the  materials  amassed  in  the  examination,  is 
the  following:  We  recapitulate  to  ourselves  in  a brief  way  the  most  im- 

portant alterations  of  organs  which  we  have  found ; we  try  to  recognize 
in  these  groups  of  alterations  a resemblance  to  well-known  pathological 
conditions.  If  such  a resemblance  is  not  readily  made  out,  we  proceed  by 
w hat  is  called  the  method  by  exclusion ; that  is  to  say,  we  review  in  our 
minds  all  the  diseases  which  these  organs  may  suffer  from,  and  judge 
whether  any  of  them  embrace  the  symptoms  we  have  observed.  In  this 
way  we  reach  the  conclusion  that  in  all  probability  the  group  of  symptoms 
wre  have  observed  constitutes  a certain  disease,  or  is  one  or  several.  We 
must  not  allow  ourselves  to  be  influenced  by  the  presence  of  a prominent 
svmptom,  for  this  may  not  always  be  caused  by  one  disease  (as  the  bronchial 
breathing  of  pneumonia),  but  we  should  weigh  well  all  the  possible  causes 
of  the  sound,  and  conclude  that  there  is  pneumonia  only  when  all  the  other 
symptoms  and  the  course  of  the  disease  concur  to  prove  it. 

Experience  teaches  that  certain  conditions  and  morbid  processes  usually 
exclude  one  another.  Thus  in  cases  of  tuberculosis  we  seldom  encounter 
heart-disease;  and  whoever  has  a developed  morbid  state  of  the  heart  lias 
almost  acquired  an  immunity  from  tuberculosis.  In  the  same  way  tuber- 
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cnlosis  and  cancer  hardly  ever  coincide  in  one  individual.  In  eases  of 
strongly-marked  deformity  of  the  thorax  (scoliosis  and  kyphosis)  tuberculosis 
hardly  ever  makes  its  appearance.  Among  acute  diseases,  typhoid  fever  is 
the  one  most  often  excluded  by  other  conditions:  it  seldom  attacks  pregnant 
and  recently  delivered  women,  and  almost  never  those  who  have  acute 
rheumatism  or  tuberculosis.  Herpes  labial  hi  is  very  rare  in  typhoid-fever 
patients. 

Other  morbid  processes  are  often  conjoined.  Tuberculosis  is  always 
united  with  bronchitis ; gastric  catarrh  with  nearly  all  severe  acute  and 
chronic  disorders ; herpes  labialis  often  coexists  with  intermittent  fever 
and  pneumonia ; acute  rheumatism  and  heart-disease  are  not  rarely  con- 
joined, etc. 

As  in  individuals,  certain  forms  of  disease  combine  upon  a large  scale  in 
certain  periods  of  time.  Whooping-cough  ami  measles,  scarlet  and  typhoid 
fevers,  scarlet  fever  and  angina,  intermittent  fever  and  dysentery  often 
occur  contemporaneously. 

GENERAL  PROGNOSIS. 

In  practice  there  is  conjoined  to  diagnosis  what  we  call  prognosis,  or  the 
foretelling  of  the  couiisk,  modifications,  and  termination  of  the  disease. 
In  this  connection  also  there  is  little  to  be  said  in  a general  way.  The 
very  first  inquiry  usually  is,  whether  the  disease  will  terminate*  favorably  or 
unfavorably,  or  whether  the  issue  is  doubtful:  prognosis  fausta , infautta, 
aneeps.  The  next  points  are,  if  life  be  not  in  immediate  danger,  will  tbe 
restoration  be  complete ; and  last,  bow  long  will  the  disease  last. 

Naturally  these  questions  must  be  examined  in  a more  sjiecial  way;  for 
example,  when  the  prognosis  is  unfavorable  it  should  be  determined  whether 
a chronic  disease,  a secondary  affection,  or  death  is  to  be  expected. 

We  call  kkverk  diseases  such  as  threaten  permanent  injury  to  im- 
portant organs,  or  death  to  the  patient  ; mild  diseases,  those  in  which, 
under  ordinary  circumstances,  a complete  cure  is  to  be  looked  for.  Benign 
diseases  arc  those  in  which  the  appreciable  group  of  phenomena  indicates  a 
surely  favorable  issue;  malignant  diseases  are  those  into  the  course  of 
which  unforeseen  complications  easily  enter,  as  scarlet  fever. 

The  answers  to  these  prognostic  questions  are  to  be  shaped  upon  the  par- 
ticipation of  the  general  organism  (fever,  state  of  strength,  etc.),  upon  the 
extension  of  the  disease  in  the  body,  upon  the  value  of  the  affected  organ 
for  the  maintenance  of  life,  upon  the  patient’s  age,  upon  the  vigor  of  his 
constitution,  upon  the  character  of  an  epidemic,  upon  the  possibility  of 
employing  the  proper  remedies,  etc. 

Tho  correctness  of  t lie  prognosis  depends  mainly  upon  the  exactness  of 
the  diagnosis.  If  it  be  in  a measure  true  that  at  the  present  time  minute- 
ness in  diagnosis  is  carried  farther  than  is  necessary  for  therapeutics,  it  is 
not  at  all  so  for  prognosis.  For,  he  who  has  an  obscure  view  of  the  condi- 
tion of  a patient  will  be  surprised  by  many  variations  in  the  course  of  tho 
disease,  which  a better-drilled  physician  would  foresee. 

DURATION  OF  DISEASES. 

'1  lie  duration  of  diseases  is  exceedingly  various.  Many  end  in  a sudden 
catastrophe,  lasting  one  or  a few  minutes;  many  others  last  hoiAs  and  days, 
many  weeks  and  months,  some  during  a lifetime.  Diseases  which  last  but 
a short  time  are  called  acute  ; those  which  last  a long  time,  CHRONIC  dis- 
eases; and  some  pass  from  the  acute  into  the  chronic  stage. 
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At  the  present  time  a classification  is  made  rather  upon  the  basis  of  the  usual  dura* 
tiou  of  individual  diseases,  as,  for  instance,  in  the  case  of  phthisis  and  rachitis,  which 
usually  last  for  years.  The  term  acute  is  applied  when  these  diseases  run  their 
course  in  a few  months.  Typhoid  fever  is  spoken  of  as  an  acute  disease,  although  m 
many  cases  cure  is  postponed  beyond  the  fortieth  day. 

Acute  diseases  not  seldom  end  in  chronic  states,  and  chronic  diseases  sometimes 
terminate  in  an  acute  manner. 

Synonymously  with  acute  and  chronic,  we  often  hear  the  expressions  febrile  and 
NON-FEHUILE  DISEASES.  This  is  true  of  a good  many  cases,  though  many  acute  dis- 
eases are  non-febrile,  many  chronic  diseases  febrile,  especially  in  their  later  stages, 
many  affections  are  at  various  times  febrile  or  non-febrile  (catarrh,  syphilitic,  or  more 
seldom  other  cutaneous  dise:ises).  Many  non-febrile  diseases  either  disappear  quickly 
or  kill  suddenly  (cases  of  poisoning,  hemorrhage). 

Finally  we  have  the  terms  typical  and  non-typical,  used  together  with  acute  and 
chronic,  such  as  exhibit  a regular  course,  measurable  succession  of  stages,  and  those 
with  a variable,  indefinite  course,  without  a distinct  tendency  to  cure  or  death. 

The  duration  of  diseases  depends  in  a general  way  upon  the  causes.  If 
the  causes  have  acted  in  a transitory  manner,  the  duration  of  the  morbid  pro- 
cesses is  short.  If  the  causes  are  connected  with  circumstances  not  easily 
altered,  as  mode  of  life,  habitation,  occupation,  the  disease  is  apt  to  last 
longer.  If  the  active  agents  are  poisons  which  have  been  absorbed  in  small 
quantities  during  long  periods  of  time,  a prolonged  languishing  state  is 
threatened. 

It  is  also  to  be  observed  that  the  more  localizations  a disease  has,  the 
longer  it  will  last. 

Besides,  the  length  of  a disease  depends  upon  the  nature  of  the  altera- 
tions which  accompany  it.  The  majority  of  disorders  of  circulation,  and 
inflammations,  run  in  general  an  acute  course.  The  more  diseases  vary 
from  these  types,  and  are  accompanied  by  metamorphosis  of  tissues  (fatty, 
amyloid  degenerations)  and  uew-formations  proper,  the  more  their  course 
is,  in  general,  chronic. 

Lastly,  in  some  tissues,  as  in  bones,  all  diseases  last  a long  time,  because 
of  peculiarities  in  modes  of  nutrition. 

COURSE  OF  DISEASES. 

Every  disease  runs  a defined  course.  The  changes  in  the  circulation  and 
nutrition,  the  functional  disturbances,  which  appear  from  the  beginning  of 
an  affection  to  its  termination  in  a return  to  the  normal  state,  or  the  death 
of  a part  or  the  whole  of  the  organism,  are  limited  in  duration. 

Occasionally  the  alterations  subside  very  rapidly,  in  a few  minutes  or  hours. 
This  is  especially  likely  to  occur  when  we  have  to  deal  with  the  so-called  func- 
tional disorders,  or  with  variations  in  the  blood-supply  of  single  organs,  and 
also  in  cases  where  only  a small  amount  of  organic  change  has  occurred  : as, 
for  example,  in  anaemia  of  the  brain  (the  usual  cause  of  vertigo),  in  hyperemia 
of  the  brain,  of  the  skin,  lungs,  and  other  organs,  in  many  forms  of  spasms, 
in  attacks  of  pain,  as  well  as  in  many  febrile  states  ( febricula ■,  or  febris  ephe- 
mera) ; a stationary  condition,  in  which  the  phenomena  remain  the  same  for 
long  periods  of  time,  without  increase  or  decrease,  is  not  met  with  in  strictly 
speaking  morbid  processes,  but  in  the  so-called  morbid  states  (monstrosities, 
defects,  etc.),  as,  for  example,  in  many  paralyses,  certain  muscular  hypertro- 
phies, encapsulated  parasites,  scars,  pigmentary  deposits,  etc. 

The  majority  of  diseases  run  a definite  and  generally  easily  traced 
course,  which  is  either  regular  or  irregular. 

A REGULAR  course,  extending  over  days  and  weeks,  is  met  with  in 
numerous  surgical  and  internal  diseases,  in  the  apyretic  as  well  as  in  the 
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pyretic.  Besides,  among  these  are  some  which  exhibit  periods  regularly 
succeeding  one  another,  each  period  having  peculiar  characters,  the  so-called 
typical  or  RHYTHMICAL  (cyclical  or  periodic)  diseases,  such  as  many 
apy retie  affections  (neuralgia,  haemorrhage,  gout,  etc.),  and  also,  and 
especially,  certain  pyretic  diseases  (typhus  and  typhoid  fevers,  relapsing  fever, 
small-pox,  measles,  scarlatina,  common  pneumonia,  recent  intermittent 
fever).  Other  diseases  are  only  approximative^  typical,  that  is  to  say, 
their  course  is  on  the  whole  not  very  regular,  or  only  so  dining  a part  of 
their  duration,  as  in  many  apyretio  catarrhal  diseases,  rheumatism,  gout, 
lmt  particularly  febrile  affections  and  as  many  acute  catarrhs,  tonsillitis, 
acute  articular  rheumatism,  meningitis,  pytemia,  erysipelas,  etc.  There  are 
yet  other  diseases  which  are  non-typical,  that  is  to  sav  they  exhibit  during 
their  course  a type  which  varies  according  to  the  severity  of  the  attack, 
while  the  febrile  manifestations  show  no  regularity,  or  are  altogether  want- 
ing, as  in  many  cases  of  suppuration,  inflammations  of  the  serous  mem- 
branes. diphtheria,  dysentery,  phthisis. 

In  typical  and  almost  typical  diseases  we  not  rarely  meet  with  irregular- 
ities, or  deviations  from  the  regular  course.  These  depend  upon  aetiological, 
individual,  external,  accidental,  or  therapeutical  influences. 

In  diseases  having  a duration  of  several  days,  be  they  regular  or  not  in 
their  course,  the  onset  is  often  most  various.  Not  rarely  an  individual, 
hitherto  perfectly  well,  is  suddenly  plunged  into  a severe  complexity  of 
symptoms,  as  happens  in  cases  of  wounding  and  tearing  of  internal  and 
external  parts,  in  certain  spasmodic  etfections  (epilepsy),  many  intoxications 
(by  acids,  phosphorus),  and  infections  (scarlet  fever,  small  pox),  all  febrile 
diseases  which  begin  with  a chill  (pneumonia,  tonsillitis,  intermittent 
fever,  etc.).. 

In  the  majority  of  cases,  however,  the  disease  begins  more  or  less  insidi- 
ously, and  its  development  is  not  noticed  by  the  patient.  To  this  category 
belong  the  majority  of  non-febrile  diseases,  and  also  many  febrile  affections 
of  the  mucous  and  serous  membranes,  such  as  catarrhs,  pleurisies,  rheuma- 
tism. '1  he  physician  finds  the  greater  difficulty  in  correctly  appreciating 
these  cases,  because  the  phenomena  of  onset  are  in  great  part  or  wholly 
obscure.  1 hey  consist  usually  in  general  malaise,  prostration,  restlessness, 
loss  of  appetite,  sleeplessness,  shooting  pains  in  various  parts  of  the  body. 
In  some  cases,  even  after  the  most  exact  observation,  the  physician  finds 
nothing  definite  on  the  first  and  second  days.  These  manifestations,  even 
in  cases  in  which  the  principal  morbid  process  exhibits  itself  in  other  parts 
(as  in  the  skin  in  the  acute  exanthems),  arc  designated  as  the  forerunners, 
or  prodromata  of  the  disease  ; and  the  time  during  which  they  are  observed 
is  termed  the  stadium  protiromorum,  or  the.  premonitory  stage. 

Later  on  in  the  course  of  the  disease  the  various  phenomena  increase  in 
intensity,  or  new  ones  appear.  The  course  of  a disease  but  rarely  proceeds 
uniformly  forward  and  backward  in  stated  periods  of  time.  This  is  only 
true  ot  certain  febrile  affections,  especially  the  acute  exanthemata  (small- 
pox, scarlet  lever,  measles),  in  a few  other  infectious  diseases  (typhus  and 
typhoid  fevers,  relapsing  fever,  pysemia),  in  a few  internal  inflammations 
(common  primary  pneumonia,  tonsillitis,  cerebral  meningitis),  in  intermit- 
tent fever;  not  at  all  in  chronic  diseases,  consequently  we  define  a number 
of  so-called  stages : 

i hk  stack  ok  increase,  or  of  invasion  (stadium  incrementi),  which 
in  febrile  diseases  is  also  termed  the  pyrogenetiu  stage. 

liiK  stage  OF  highest  INTENSITY  (stadium  acmes,  seu  staseos),  in  febrile 
diseases  known  also  as  the  Jdastiyinm. 
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The  stage  of  decrease  (stadium  decrement! ,,  which  in  febrile  diseases 
at  the  time  of  progressive  diminution  of  temperature  is  called  defervescence, 
and  may  take  the  shape  of  crisis,  or  lysis. 

Between  the  stages  of  highest  intensity  and  decrease,  in  many  diseases, 
particularly  in  severe  cases  of  typhoid  fever,  pneumonia,  acute  exanthe- 
mata, etc.,  we  meet  with  an  intermediate  stage,  or  stage  of  indecision, 
which  is  termed  stadium  ampliiboles. 

Bv  the  terms  crisis,  or  resolution,  we  understand  an  improvement 
which  takes  place  suddenly,  in  a few  (4— 24— 30)  hours,  and  which  is  accom- 
panied by  a sudden  fall  of  temperature  (from  2°  to  f>a  G.),  and  in  pulse- 
rate  (from  20  to  00  beats),  and  also  by  the  occurrence  of  sweating,  sleep, 
urinary  deposits,  etc.  This  is  strikingly  seen  in  relapsing  fever,  croupous 
pneumonia,  measles,  etc.,  and  in  intermittent  fever. 

. Immediately  preceding  the  improvement  there  not  seldom  takes  place,  in 
many  diseases,  a short  increase  in  the  gravity  of  the  symptoms,  the  so-called 
perturbatio  crilica. 

Formerly  under  the  name  of  crisis  was  understood  the  termination  of  a disease  by 
the  excretion  of  morbid  products,  and  their  expulsion  from  the  body.  To  illustrate, 
it  was  thought  that  the  opacity  of  the  urine,  produced  by  an  excess  of  urate  of  soda 
(not  a rare  occurrence  at  the  crisis  time),  represented  the  expelling  from  the  hotly  of 
a substance  produced  by  the  disease,  the  peccant  material.  This  notion  is  in  a 
measure  not  wholly  wrong,  as  we  to-day  admit  that  there  are  in  the  secretions  sub- 
stances produced  by  deranged  metamorphosis  during  the  disease  ; but  we  believe  that 
these  products  are  the  results,  not  the  causes  of  the  disease  ; and  that  the  morbid 
condition  does  not  cease  because  these  are  excreted,  but  that  the  substances  are 
thrown  out  when  the  local  disease  improves.  In  a word,  we  to-day  employ  the  word 
crisis  rather  in  a symptomatological  way,  as  an  expression  for  certain  appearances, 
not  in  an  explanatory  sense. 

We  speak  of  lysis,  or  solution  of  the  disease,  if  the  improvement  (falling 
temperature  and  diminishing  pulse-rate)  lasts  longer  than  two  days,  and 
yet  is  completed  rapidly  and  permanently.  This  is  observed  in  typhoid 
fever,  scarlet  fever,  many  catarrhal  affections,  etc.  Occasionally,  after  all 
these  stages  have  been  gone  through,  the  same  morbid  conditions  appear 
afresh.  At  an  early  stage  this  return  of  disease  is  called  relapse,  if  it  take 
place  as  a part  of  the  disease,  a phenomenon  of  its  normal  course  (as  in 
relapsing  fever) ; if  not,  it  receives  the  appellation  of  recurrence.  In  a 
recurrence  of  a disease  it  is  possible  that  not  only  the  part  previously 
affected  he  attacked  anew,  but  other  parts  of  the  same  tissues  or  organs  as 
well,  as,  for  example,  in  erysipelas,  pneumonia,  typhoid  fever,  pleurisy. 
The  laity  are  also  in  the  habit  of  using  the  words  recurrence  and  relapse, 
as  meaning  complications  arising  out  of  the  original  disease. 

All  diseases  do  not,  however,  exhibit  an  uniform  and  stated  increase  and 
decrease  of  symptoms.  Their  course  shows  fluctuations,  and  even  interrup- 
tions. These  fluctuations,  if  they  indicate  an  improvement,  are  called  remis- 
sions, and  if  they  consist  in  an  aggravation  of  the  symptoms,  exacerba- 
tions. These  phases  are  met  with  in  many  non-febrile,  acute,  and  chronic 
diseases,  and  in  some  febrile  affections  (many  chronic  exanthemata,  rheu- 
matism, catarrhs,  etc.).  Attacks  of  illness  which  return  from  time  to  time, 
allowing  complete  intervals  of  health,  are  called  periodical  (as,  for  example, 
intermittent  fever,  epilepsy,  nervous  asthma,  laryngismus  stridulus , whoop- 
ing cough).  The  period  in  which  the  symptoms  make  their  appearance  is 
called  the  paroxysm,  or  attack ; the  normal  interval,  if  in  a febrile  disease 
is  denominated  apyrexia,  or  non-febrile  period. 

Tiie  intermittent  type  is  sometimes  regular  and  fixed,  that  is  to  say,  the  par- 
oxysms return  regularly  at  the  same  hour  every  day  (as  in  intermittent  fever; ; 
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sometimes  it  is  irregular  and  changeable.  The  latter  may  occur  in  two  modes. 
Either  the  paroxysm  occurs  each  time  one  or  more  hours  earlier  than  the  preceding 
one.  the  ty/mx  int<  rtnittene  anttponenx  fas  at  the  beginning  of  intermittent  fever), 
or  it  makes  its  appearance  later  each  time,  typue  intermit  tens  poet  pone  ns  (as  toward 
the  end  of  intermittent  fever). 

In  intermittent  fever  there  is  always  a regular  rhythm,  including  periods  of  one  or 
more  days,  and  which  is  shortened  on  each  day  only  by  a few  hours  at  the  farthest. 
If  the  attack  of  fever  returns  every  day  we  have  what  is  called  a quotidian  rhythm 
or  type  ; if  something  like  forty-eight  hours  intervene  between  the  lieginning  of  two 
attacks,  so  that  the  fever  recurs  on  the  third  day,  we  call  it  tertian  ; if  the  fever 
returns  on  the  fourth  day  (interval  of  72  hours)  it  is  a quartan.  Cases  with  a more 
lengthened  rhythm  (up  to  28  days)  are  very  rare. 

The  word  paroxysm  is  often  used  when  speaking  of  remittent  affections,  when  it 
Ls  synonymous  with  exacerbation:  in  which  sense  we  speak  of  paroxysms  of  dyspnoea 
caused  by  foreign  bodies  in  the  larynx,  by  polypi  ami  croup.  We  often  call  paroxysms 
(vernacular,  fit)  affections  which,  though  not  periodic,  occur  at  irregular  intervals,  as 
hysteria,  gout,  epilepsy. 

In  febrile  diseases  the  following  groups,  with  reference  to  tho  course  of 
the  disease,  are  distinguishable,  though  they  often  shade  into  one  another. 

The  short  febrile  diseases,  the  so-called  attacks  of  fever  (febricnla, 
ephemera)  which  have  a duration  of  two  or  at  (lie  most  three  days,  ending 
in  cure,  and  in  which  the  temperature  suddenly  rises  to  40  C.  and  over, 
and  falls  quickly,  as  in  surgical  and  puerperal  traumatic  fever,  in  many 
catarrhal  affections. 

The  continued  ef.ver,  which  usually  begins  suddenly,  is  often  ushered 
in  by  a chill,  attains  in  a short  time  a temperature  of  39°— 40°  C.,  shows 
small  daily  variations,  and  diminishes  rapidly  after  several  days,  or  often 
a fortnight  (us  in  primary  croupous  pneumonia,  scarlet  fever,  small-pox, 
typhus  fever). 

The  remittent  fever,  which  resembles  the  above  in  many  particulars, 
but  which  usually  exhibits  a marked  fall  of  temperature  in  the  morning, 
and  slow  ly  ceases. 

Ihk  intermittent  and  recurring  fever,  which  shows  periods  of  normal 
temperature  between  the  moderately  long  paroxysms  of  fever : which  char- 
acter is  especially  well-marked  in  intermittent  fever  (ague)  and  in  relapsing 
fever,  less  well-marked  in  pyaunia,  erysipelas,  and  measles. 

Chronic  fever,  which  lasts  for  weeks  uml  months,  seldom  uninterrupt- 
edly; usually  showing  an  intermittent  or  remittent  form,  us  in  pulmonary 
phthisis,  in  cases  of  internal  or  external  suppuration. 

J he  majority  of  febrile  diseases  only  exhibit  one  type  of  temperature 
variations ; a very  tew  showing  several  different  types,  as,  for  instance, 
intermittent  fever,  pneumonia,  scarlet  fever,  tvphoid  fever. 

All  the  above  expressions,  the  determination  of  the  so-called  stages, 
depend  exclusively,  or  in  a great  measure,  upon  observations  of  the  course 
and  progress  of  the  fever.  Such  variations,  with  the  exception  of  isolated 
disturbances  of  the  circulation,  are  rarely  observed  in  anatomical  alterations; 
these  increase  quite  regularly  and  steadily,  seldom  with  marked  changes, 
eitln-r  exacerbations  or  remissions,  as  in  acute  articular  rheumatism,  many 
cases  of  inflammation  of  the  skin  and  mucous  membranes,  etc.  At  certain 
intervals  gross  changes  in  the  tissues  (inflammation  or  abscess)  will,  of 
course,  occur;  but  they  do  not  appear  externally  in  so  decided  a manner. 
Among  intermittent  diseases  there  are  some  which  are  noil-febrile,  most  of 
them  being  pure  nervous  affections,  as  epilepsy,  many  forms  of  pain,  mental 
aheetions,  I he  last-named  disease  intermits  as  distinctly,  though  not  in  as 
tegular  a way,  as  febrile  affections,  and  not  rarely  we  can  predict  tho  week 
and  day  of  recurrence. 
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Haemorrhages,  next  to  fevers  and  spasmodic  affections,  exhibit  a degree 
of  regularity  in  their  return  : as  haemorrhage  from  the  rectum,  the  lungs. 
The  luemorrhoidal  dux  is  very  apt,  like  menstruation,  to  assume  a four- 
weeks’  type.  Gout  exhibits,  with  tolerably  clear  intermissions,  a tendency 
to  recur  in  periods  of  one  or  two  years,  and  oftener  afterward. 

It  is  at  present  impossible  to  give  an  explanation  of  these  mysterious  phenomena. 
In  the  case  of  haemorrhage  and  gout  it  may  be  assumed  that  something  having  been 
discharged  from  the  body  during  the  attack,  a rest  will  naturally  ensue  until  the 
substance  shall  have  accumulated  anew.  Epileptic  and  neuralgic  outbreaks  may  also 
be  looked  upon  as  the  relief  of  a tension,  nr  as  a discharge,  though  matters  are  not 
made  clearer  bjr  this  explanation.  The  well-marked  rhythm  of  paroxysms  of  fever 
is  also  beyond  our  comprehension. 

TERMINATION  OF  DISEASES. 

Diseases  may  terminate  in  one  of  three  ways : — 

1st.  By  a complete  return  to  the  normal  state — CURE  or  recovery. 

2d.  Incomplete  recovery  ; or  the  change  into  new  morbid  conditions — 

SECONDARY  DISEASES. 

3d.  In  death. 


I.  TERMINATION  OF  DISEASES  BY  CURE. 

Complete  recovery  is  usually  heralded  by  the  so-called  period  of  conva- 
lescence, a period  without  definite  limits,  in  which,  though  a degree  of 
well-being  has  returned,  greater  or  lesser  weakness  and  sensibility  to  exter- 
nal influences  remain.  It  is  after  severe  acute  diseases  that  the  manifesta- 
tions of  convalescence  are  most  clearly  marked.  The  general  sensations 
(;/ emeingefilld ) of  the  patient  are  better,  bis  disposition  is  hopeful  and 
joyful.  The  animal  appetites  are  aroused,  but  longing  for  food  is  chiefly 
shown.  This  want  is  justified,  and  nutritious  food,  appropriate  to  the 
power  of  digestion,  should  be  furnished.  After  too  hearty  meals,  or  other 
errors  in  diet,  the  tongue  easily  becomes  coated,  or  red  and  dry.  Occasion- 
ally a slight  fever  makes  its  appearance  during  digestion.  The  intestinal 
evacuations  ai-e  sometimes  normal,  sometimes  constipated  or  free.  The 
sexual  desires  are  heightened,  pollutions  are  frequent,  and  a tendency  to 
onanism  is  occasionally  observed.  The  other  phenomena  are  those  of 
anaemia.  The  heart,  as  a rule,  beats  slowly,  though,  at  evening  especially, 
the  pulse-rate  may  rise  because  of  slight  exertion.  The  distribution  of 
blood  is  at  times  abnormal,  as  is  shown  by  sudden  changes  in  the  color  of 
the  face.  Kespiration  is  free,  but  easily  made  more  frequent  by  the  slightest 
movement.  The  temperature  of  the  skin  is  normal,  exhibiting  the  usual 
daily  variations;  but  it  rises  easily  in  consequence  of  various  external 
influences,  little  errors  of  diet,  etc.;  variations  much  greater  and  more 
easily  produced  than  those  observed  in  health.  The  skin  is  uniformly 
warm,  though  liable  to  sweating  and  refrigeration  ; especially  the  feet  are 
liable  to  become  cold  on  first  rising.  The  color  is  pale ; and  at  times  the 
epidermis  comes  olf,  even  when  no  eruption  has  existed.  The  hair  falls  out, 
especially  after  typhoid  fever,  small-pox,  severe  puerperal  fever,  and  also 
after  other  serious  diseases,  and  even  after  diseases  of  moderate  gravity. 
The  subcutaneous  connective  tissue  is  devoid  of  fat.  The  muscles  tremble 
after  even  slight  exertions;  they  are  in  a state  of  mal-nutrition,  and  partly 
atrophied.  The  capacity  for  thought  is  diminished.  The  special  senses  are 
sensitive;  after  reading  a short  time,  or  after  any  small  exertion,  headache 
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appears.  Sleep  is  in  general  good,  although,  the  patient  is  disturbed  by 
slight  causes. 

Convalescence,  as  a rule,  lasts  a long  time  after  most  acute  general  dis- 
eases, after  all  diseases  attended  with  high  fever,  large  exudations,  haunor- 
rliage,  and  suppuration.  After  typhoid  fever,  variola,  scarlatina,  many  sur- 
gical diseases,  etc.,  weeks  and  even  months  elapse  before  the  patient  regains 
his  previous  condition  of  nutrition,  muscular  and  nervous  power. 

How  does  recovery  take  place  ? By  what  means  are  lesions  made  to  dis- 
appear ? Is  there  a natural  cure,  and  an  artificial  cure?  Is  the  patient 
cured  bv  the  physician,  or  does  he,  as  it  is  commonly  expressed,  get  well  of 
himself  ? 

First  of  all,  it  is  a fact  that  a great  many  disorders  disappear  or  at  least 
may  disappear,  without  the  interference  of  the  physician;  this  is  the  natural 
cure. 

That  many  affections,  particularly  disorders  of  circulation  and  the  slighter 
disturbances  of  nutrition,  readily  subside  when  their  causes  are  removed, 
depends  partly  upon  the  fact  that  the  body  contains  a great  number  of  regu- 
lating and  compensatory  contrivances.  The  last  are  probably  present  in  all 
systems,  and  are  in  part  purely  physiological,  in  part  pathological.  For 
example,  if  the  external  temperature  rise,  so  that  more  water  than  before 
is  thrown  off  from  the  skin  and  the  lungs  to  the  air,  the  amount  of  other 
excretions,  the  urine  in  particular,  is  thereby  diminished.  If  the  atmos- 
pheric temperature  fulls,  the  cooler  air  takes  up  less  water  from  the  surface 
of  the  body,  this  diminished  evaporation  of  water  is  equipoised  by  an  abun- 
dant flow  of  urine.  In  consequence,  the  amount  of  water  in  the  body 
remains  the  same  in  either  case. 

We  have  in  this  connection  three  great  groups  to  consider,  which  are  dis- 
tinguished from  one  another  by  the  inode  of  union  and  the  dependence  of 
their  elementary  parts : the  nerves,  the  blood  and  the  glands,  and  the  tis- 
sues in  so  far  »h  they  are  contiguous. 

Compensations  in  the  xkrvoi/h  system  ensue  either  through  nutrition,  or 
by  the  transfer  of  the  disorder  to  some  other  part.  If  a nerve  be  affected, 
and  it  begin  to  undergo  the  change  from  the  pathological  to  the  normal 
state,  it  may  be,  in  the  first  place,  that  a stage  of  tranquillity  and  exhaus- 
tion succeeds  that  of  irritation,  just,  as  in  sleep,  as  if  by  a simple  resting 
(recuperation)  of  the  nerves.  Or,  it  may  be  that  through  counter-irritation, 
that  is  through  a new  and  stronger  disorder,  the  interior  movement  of  the 
tissue  is  increased,  an  increased  metamorphosis  is  brought  about.  We  see 
the  same  thing  in  exhaustion  of  the  nervous  system  under  the  influence  of 
irritating  and  exciting  agents  (wine  for  example).  Or,  it  may  lie  that  the 
return  of  nerves  to  the  normal  state  is  brought  about  by  a kind  of  satura- 
tion, similar  to  what,  occurs  in  health  during  the  fasting  state,  in  which 
more  nutritions  material  is  carried  to  the  exhausted  diseased  nerves.  In 
all  these  eases  we  have  to  deal  with  a greater  tissue-change,  whereby  more 
old  (etlote)  material  is  removed,  and  more  fresh  material  added  than  before. 


It  is  easy  to  refer  to  many  compensations  in  the  nervous  system  ; some  disorders  of 
the  nervous  system  become  neutralized  because  the  excitation  as  it  extends  from  part 
to  pnrt  is  gradually  exhausted  by  the  resistance  it  encounters.  For  example,  one 
can  easily  conceive  the  termination  of  an  epileptic  or  hysteric  convulsive  attack.  In 
many  other  cases  the  transition  takes  place  with  great  irregularity,  because  different 
parts  are  differently  irritable,  and  ganglia  are  interposed  along  the  various  paths. 
These  not  only  cause  changes  iu  the  direction  of  impulses,  but  also  quantitative 
variations,  increase  or  decrease. 

After  section  of  many  nerves  the  function  abolished  by  the  oj*eration  returns 
without  any  reunion  of  the  nerve  ; for  example,  as  after  the  section  of  the  splanchnic 


20 


MODE  OF  CURE. 


nervo.  The  exact  conditions  of  the  restoration  are  unknown.  In  brain-injuries 
improvement  may  possibly  be  brought  about  by  the  assumption,  by  parts  adjoining 
the  lesion,  of  the  properties  of  centrifugal  fibres. 

Compensations  in  tiie  blood  take  place  less  in  the  blood  itself  than  in 
those  organs  in  which  metamorphosis  is  most  active;  the  glands  for  example. 

A fault  in  the  composition  of  the  blood  may  affect  the  whole  fluid,  or, 
being  partial,  may  involve  the  blood-corpuscles,  the  dissolved  constituents 
(albumen,  fats,  salts).  The  repair  is  brought  about  by  a limitation  of  the 
waste,  or,  as  in  convalescence,  by  the  acquisition  of  new  elements  from  the 
blood-preparing  or  assimilative  organs.  Increased  consumption  of  blood 
elements  in  disease  depends  mainly  upon  the  amount  and  extent  of  the  local 
disorder,  and  upon  the  height  and  duration  of  the  fever.  The  larger  the  ex- 
udation, the  more  degenerative  processes  or  even  haemorrhages  take  place, 
and  consequently  the  greater  will  be  the  diminution  of  the  blood  elements, 
especially  the  blood-corpuscles. 

When  the  local  process  has  proceeded  only  to  a moderate  extent,  the  im- 
poverishment of  the  biood  is  easily  compensated  by  the  addition  of  new  ele- 
ments, providing  the  digestive  and  absorbing  organs  be  in  good  condition. 
The  restoration  proceeds  in  part  from  the  direct  absorption  of  food  intro- 
duced into  the  stomach  and  intestines  (water,  albumen,  salts,  fat),  in  a lesser 
degree  by  the  resorption  of  substances  stored  away  in  the  body  (fat),  and 
lastly,  by  the  production  of  new  histogenetic  elements  (blood-corpuscles)  in 
the  haematopoietic  apparatuses  (spleen,  lymphatic  glands,  etc.). 

A defect  by  excess  in  the  constitution  of  the  blood  may  not  be  simply  a 
quantitative  one,  bv  the  too  great  abundance  of  a normal  ingredient,  but 
may  also  be  qualitative  by  the  addition  of  a foreign  element.  The  means 
of  equalization  are  the  same  in  either  case.  The  superfluous  substance  is 
destroyed  in  the  vascular  system,  often  by  oxidation  or  by  reduction,  or  it 
is  thrown  out  by  the  kidneys  (bile- pigment),  or  by  the  skin  or  digestive 
tract  (uric  acid  in  gout,  urea  in  many  kidney  diseases). 

In  this  sense  the  old  Hippocratic  doctrine  of  critical  excretions  and  critical  local- 
izations has  its  justification,  ns  well  as  the  idea  of  blood-purification.  It  is  even 
possible  to  defend  in  this  sense  the  designation  of  blood -purifying  remedies,  in  so 
far  as  these  remedies  specially  increase  excretion,  and  thus  bring  about  the  separa- 
tion (depuration)  of  certain  substances  from  the  blood. 

It  is  not  that  all  such  excretion  and  separation  of  substances  from  the 
blood  have  a beneficial  effect  upon  the  course  of  disease  ; they  often,  on  the 
contrary,  become  themselves  the  cause  of  new  disorders.  The  pathological 
alterations  of  a part  often  directly  become  causes  of  new  attractions  and 
relations,  and  the  organ  thereby  conies  to  play  the  part  of  an  excretory 
organ  for  substances  which  were  previously  foreign  to  the  part. 

Compensations  in  tissues  take  place  in  two  different  ways. 

If  the  tissues  be  filled  with  foreign  substances,  these  may  be  removed  by 
reflex  riiovements  (sneezing,  coughing),  by  increased  secretion  (as  in  the 
nose,  aerial  passages,  tear-ducts),  or  by  and  through  the  blood  and  lymphatic 
vessels  (as  serum,  the  colorless  blood-corpuscles,  and  in  part,  also,  the  red 
corpuscles,  foreign  bodies  deposited  in  (he  tissues,  as  dust,  etc.).  In  this 
wav  many  disorders  of  circulation  and  many  inflammatory  affections  are 
cured. 

At  other  times  a true  restoration  is  only  brought  about  by  the  complex 
way  of  nutrition.  The  altered  parts  must  not  only  be  removed  gradually, 
but  must  be  replaced  by  new  ones  (muscular  fibres,  nerve-fibres,  epithelium, 
glandular  tissue). 
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Not  rarely  individual  elements  of  tissues  are  wholly  destroyed  by  the 
alterations  which  they  experience.  This  does  not  always  cause  a cavity  in 
the  tissue.  The  cavities  which  may  be  formed  are  often  gradually  replaced 
by  new  tissue.  This  takes  place  very  rapidly  in  epithelial  structures, 
where  the  waste  is  usually  a great  one,  and  where  pre-existing  elements 
come  up  to  replace  the  loss.  In  the  deeper  parts  the  restoration  is  so 
much  the  more  difficult  in  proportion  to  the  delicacy  of  the  organization 
and  the  complexity  of  structure  of  the  part.  We  know,  for  example,  that 
the  external  skin  and  raucous  membranes,  with  their  glandular  apparatus, 
are  never  wholly  reproduced  ; and  that  in  the  place  of  the  lost  tissue  a 
connective-tissue  formation,  having  the  characters  of  a scar,  appears. 

Particularly  important  for  the  organism  as  a whole,  sometimes  easy  and 
sometimes  difficult  of  explanation,  is  the  neutralization  of  disease  by  the 
participation  of  organs  bearing  a relation  to  the  organ  first  affected ; the 
formation  of  a collateral  circulation,  the  formation  of  connective  tissue 
around  foreign  bodies,  even  parasites;  the  thickening  of  one  of  the  bones 
of  the  forearm  or  leg  after  the  excision  of  the  other;  the  hypertrophy  of 
one  kidney  when  the  other  is  atrophied  or  diseased  ; the  hypertrophy 
of  the  left  ventricle  in  insufficiency  of  the  aortic  valves;  the  hypertrophy 
of  the  right  ventricle  in  various  disturbances  of  circulation  in  the  lungs,  in 
disorder  of  the  left  ostium  veu  >su/n  ; the  hyj*ertrophy  of  organic  muscular 
fibres  in  impaired  calibre  of  affected  hollow  viscera,  etc. 

The  more  developed  the  nervous  activity,  the  more  free  the  circulation, 
the  more  intimate  the  normal  combinations  and  connections  of  the 
anatomical  elements,  the  more  easy  and  complete  the  possible  neutraliza- 
tion or  natural  cure  of  lesions  will  be.  Natural  or  spontaneous  cure,  if  we 
speak  of  it  in  the  abstract,  takes  place  only  through  physiological  processes 
mid  through  certain  necessary  ways. 

Predisposition,  plays  some  part  in  lesions  of  parts,  and  in  the  matter  of 
compensation.  A predisposition  of  a part  to  the  starting  of  alterations 
shows  that  there  already  existed  something  morbid.  It  depends  upon  a 
degree  of  departure  from  the  normal  composition,  which  we  do  not,  to  be 
sure,  recognize  as  tv  state  of  itself,  but  one  by  which  the  elementary  parts 
are  made  of  more  unstable  composition,  and  their  destruction  through 
retrograde  metamorphosis  made  easy.  The  predisposition  of  a part  to 
disease  is  in  part  congenital  and  inherited,  in  part  developed  by  preceding 
morbid  changes.  For  the  abolition  of  predisposition  the  best  means  is 
physiological  exercise,  not  merely  of  the  part  itself,  but  of  all  which  are  in 
relation  with  it. 

Here  habit,  tolerance,  and  acclimation  play  parts.  Through  exercise, 
that  is  through  repeated  activities  of  a part,  the  operations  of  certain 
modes  of  activity  are  facilitated,  which  in  their  turn  make  the  more  rapid 
occurrence  of  equalization  possible.  Through  the  habit  of  certain  influ- 
ences, which  coincides  with  a dulling  of  irritability,  the  operation  of  cer- 
tain activities  is  retarded.  Consequently,  habit  protects  in  a different  way 
from  exercise,  by  preventing  the  commencement  of  lesions.  Acclimation 
acts  iu  the  same  way. 

In  addition  to  the  healing  of  nature  (spontaneous  cure),  is  there  an  arti- 
fieial  cure  ? This  is  a most  important  question  for  the  physician,  one 
which  is  before  him  all  his  life. 

1 he  answer  to  this  question  must  in  general  terms  depend  upon  the 
means  which  the  physician  has  in  his  hands.  It  is  to  be  remembered  that 
these  means  must  remain  within  the  limits  of  physiological  possibilities ; that 
is.  that  they  can  only  operate  iu  the  manner  and  directions  which  have  been 
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indicated  above.  Artificial  healing  is  not,  in  principle,  at  all  opposed  to 
natural  healing.  Sincere  and  enlightened  physicians  in  all  ages  have  always 
acknowledged  that  they  were  only  the  servants  of  nature,  minintri  naturae. 

„The  problem  of  the  physician  consists  in  weakening  and  abolishing  the  pre- 
disposition, and  in  facilitating  the  neutralization  of  alterations  which  have 
already  begun.  The  physician  can,  at  any  rate,  do  in  both  directions  what 
would  be  done  with  difficulty  or  not  at  all  without  his  interference ; he  can 
bring  about  many  things  in  an  artificial  way  which  “ nature  ” would  not  cause. 
The  physician  often  makes  use  of  more  quickly-acting  remedies  than  nature 
has  at  her  disposal ; he  burns,  ties,  cuts  away,  enlarges  narrow  places,  etc. 
Though  this  appears  contrary  to  natural  processes,  yet  it  is  not  so  in  reality, 
since  the  same  is  seen,  though  much  more  slowly,  in  the  extrusion  of  foreign 
bodies,  the  isolation  of  pieces  of  dead  bone,  etc.  It  not  rarely  is  in  the  physi- 
cian’s power  to  decide  whether  he  shall  interfere  forcibly  or  let  things  take 
their  own  course.  In  internal  diseases  analogous  conditions  are  present  : 
we  can  often,  by  means  of  expectorants,  emetics,  laxatives,  etc.,  quickly 
bring  about  that  which  might  otherwise  have  endangered  life  by  occurring 
slowly.  The  use  of  cold,  in  the  various  forms  of  cold  applications,  sitz- 
baths,  complete  baths,  etc.,  furnishes  us  with  a means  of  reducing  dan- 
gerously high  temperature  of  an  external  or  internal  part,  or  of  the  whole 
body,  by  one  or  several  degrees.  And,  further,  operations  upon  the  ner- 
vous system  afford  most  excellent  opportunities  for  the  physician  : he  can 
bring  about  an  early  resolution  of  tension  in  the  nervous  system  (by  means 
of  morphia,  digitalis,  bleeding,  derivatives),  he  can  so  act  upon  nerves  ns 
to  stimulate  or  paralyze  them  (acting  upon  the  pupil  by  means  of  belladonna 
and  Calabar  bean,  upon  the  cardiac  nerves  by  digitalis,  etc.,  and  upon  the 
vascular  nerves  by  means  of  nitrite  of  amyl),  he  often  can  make  irregular 
movements  of  the  heart  again  regular  (digitalis),  etc.  It  is  also  possible  to 
act  upon  the  blood,  as  we  can  directly  furnish  materials  for  hseinatosis,  and 
we  can  so  regulate  diet  as  to  provide  in  abundance  the  ingredients  needed 
by  each  individual  case.  Even  upon  the  reconstitution  of  tissues  we  can  in 
many  ways  exert  a direct  influence:  by  agents  which  facilitate  resorption  ; 
by  caustics,  astringents,  transplantations.  The  physician  should  regulate 
the  external  conditions  and  influences  which  operate  upon  the  morbid  state, 
he  can  set  new  external  conditions  in  action,  which  without  his  interference 
would  not  come  into  play  at  all.  In  the  special  treatment  of  lesions  it  can- 
not be  said  that  there  is  a blind  experimenting  with  means;  this  would  he 
neither  in  the  interest  of  science,  nor  in  that  of  the  patient.  The  medical 
man  has  enough  to  do,  if  he  makes  use  of  earlier  experience  with  due  con- 
sideration, and  every  therapeutist  who  clings  to  the  laws  of  natural  science, 
and  does  not  venture  beyond  the  facts,  must  acknowledge  himself  to  be  a 
rational  empiric  in  the  treatment  of  disease.  Pure  empirics,  that  is,  those 
who  treat  disease  by  past  experience,  without  judgment  in  reality,  do  not 
exist.  For,  accurate  conclusions  are  drawn  even  by  the  roughest  analogy 
from  the  immediate  exhibition  of  medicines.  He  who  reflects,  who  takes 
one,  two,  three,  or  more  circumstances  into  consideration,  instead  of  one, 
when  seeking  an  analogy,  usually  treats  rightly. 

Artificial  healing  is  therefore  not  wholly  identical  with  natural  healing, 
but  neither  is  it  opposed  to  it.  Artificial  healing  makes  use  of  the  ten- 
dencies and  forces  present  in  the  body,  and  through  them,  by  the  help  of 
more  favorable  circumstances,  artificially  produced,  brings  to  pass  the  pos- 
sible neutralization  oi  lesions. 


(See  Vine  now,  Allg.  Pathol.,  pp.  15-25.) 
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II.  TERMINATION  OF  DISEASE  IN  INCOMPLETE  CURE— SECONDARY  DISEASES. 

A cure  is  said  to  be  incomplete  when  there  still  exists  a tendency  to  dis- 
ease. It  is  not  possible  to  indicate  with  precision  the  conditions  upon 
which  this  predisposition  depends ; it  must  be  upon  changes  in  form  and 
composition  of  parts;  but  such  minute  ones  that  they  have,  up  to  t his  time, 
escaped  our  means  of  investigation.  We  more  particularly  meet  this  pre- 
disposition after  many  inflammations  of  the  skin,  mucous  membranes,  the 
tonsils,  lungs,  and  joints. 

C'ontrarily,  in  many  diseases  a predisposition  to  recurrence  is  destroyed 
by  a first  attack,  sometimes  for  a time,  sometimes  forever.  This  is  more 
especially  the  case  in  infectious  diseases,  shown  in  the  most  striking  manner 
in  yellow  fever,  typhoid  fever,  small-pox,  scarlet  fever,  measles.  It  is  at 
the  present  time  quite  impossible  to  explaiu  these  facts. 

Incomplete  cure  is  distinguished  from  secondary  affections  by  its  being 
a remains  of  certain  morbid  conditions,  whereas  the  latter  consist  of  new 
morbid  processes.  Such  conditions,  which  are  not  always  referrible  to  dis- 
tinct anatomical  lesions,  are,  for  example,  paralysis  of  the  extremities  or 
of  individual  muscles;  others,  which  do  depend  upon  special  anatomical  con- 
ditions, are  dislocations  of  bones,  distortion  of  the  skin,  narrowing  of  canals 
by  scars,  twisting  of  the  inteat  iw-s  by  unnatural  fixation  of  its  serous  coat ; 
or  others,  which  are  partly  anatomical  and  chemical  processes,  such  as  dis- 
orders of  gastric  or  intestinal  digestion,  disposition  to  fluxes,  etc.  Or  else, 
an  entire  organ,  a limb,  is  and  remains  destroyed,  as  after  ulcerative  pro- 
cesses, after  gangrene,  etc. 

The  conception  of  sk  ondaky  a FEE  tioss  is  like  the  majority  of  medical 
conceptions,  not  easily  made  out  in  practice.  For  instance,  secondary  affec- 
tions are  often  confounded  with  what  are  called  complications,  that  is  to 
say,  a succession  of  morbid  processes,  each  one  of  which  depends  upon  the 
others.  In  articular  rheumatism  we  meet  with  inflammation  of  the  peri- 
cardium, or  endocardium,  in  about  one  third  of  all  cases.  If  this  take  place 
at  the  same  time  as  the  rheumatic  attack,  and  if  the  physician  discover  it, 
lie  says  that  t lie  rheumatism  is  in  that  particular  c;ise  complicated  with  peri- 
or  endocarditis.  Often,  however,  the  signs  of  the  cardiac  inflammation  are 
indistinct  or  unnoticed  during  the  attack  of  rheumatism,  and  it  is  only  after 
the  ceasing  of  tin1  rheumatism  that  t lie  cardiac  lesion  is  made  out,  in  which 
case  it,  is  customary  to  speak  of  the  heart-disease  as  a secondary  affection. 

When  we  speak  of  secondary  affections,  we  must  make  sure  that  there  he 
a causal  relation  between  the  first  and  second  diseases.  Definite  anatomical 
alterations  must  remain  of  the  first  disease,  even  though  they  produce  no 
symptoms,  or  it  the  symptoms  of  the  second  disease  are  overlooked  during 
the  course  of  the  first,  in  this  sense  pulmonary  phthisis  is  not  seldom  a 
disease  secondary  to  measles,  habitual  diarrhoea  or  constipation  secondary  to 
dysentery,  etc. 

F urthermore,  a number  of  the  processes  termed  metastatic  belong  to  this 
category.  In  former  times,  bv  metastasis  was  understood  the  transposition 
of  materiea  morbi  from  one  part  of  the  body  to  another.  Most  usually  is 
this  use  of  the  term  now  restricted  to  the  transferor  erysipelatous  inflamma- 
tion ot  the  skin  to  the  membranes  of  the  brain,  the  swelling  of  the  epididy- 
mis at  the  same  time  with  cessation  of  the  gonorrhoeal  discharge,  the  occur- 
rence of  inflammatory  swelling  of  the  testicle  simultaneously  with  diminu- 
tion of  a parotid  inflammation,  the  setting  up  of  a cardiac  or  pericardial 
inflammation  at  the  same  time  with  the  cessation  of  rheumatic  joint-inflam- 
mation, the  so-called  metastatic  inflammation  in  pytemia. 


24 


TERMINATION  BY  DEATH. 


III.  TERMINATION  OF  DISEASE  BY  DEATH  (tIIANATOLOGY). 

Death  is  the  suspension  of  tissue  metamorphosis,  its  characteristic  symp- 
tom is  the  cessation  of  the  functions.  It  is  necessary  to  distinguish  local 
death,  the  death  of  a single  organ,  from  general  death.  Even  in  general 
death  the  decease  of  individual  parts  of  the  body  does  not  follow  at  one 
blow,  but  takes  place  successively.  If  the  function  of  an  organ  or  part 
is  very  important,  we  are  soon  made  aware  of  its  death  ; the  death  of  the 
brain  and  heart  is  instantly  recognized,  while  the  loss  of  a kidney  is  ascer- 
tained only  at  the  post  mortem  examination  of  the  body,  the  death  of  the 
hair  in  typhoid  fever  first  becomes  noticeable  during  convalescence. 

We  still  frequently  hear  it  stated  that  one  of  the  signs  of  death  is  that  the 
dead  parts  undergo  putrefaction,  resolving  themselves  into  simpler  compounds  ; but 
this  is  in  reality  one  of  the  consequences  of  death.  This  supposed  character  is, 
furthermore,  not  invariably  present,  as  the  bones  and  teeth  arc  but  slightly  changed 
chemically  in  death  ; aud  besides,  a nerve  which  is  cut  in  the  living  subject  is  dead, 
and  yet  does  not  undergo  decomposition.  The  cessation  of  life  alone  is  not  sufficient 
to  burst  the  bond  which  holds  the  elements  together  in  complex  atoms;  there  must 
need  be  an  impetus  from  without,  that  of  heat,  moisture,  fungi,  etc.  And  it  is  true 
that,  as  a rule,  these  do  not  fail,  and  we  consequently  have  putrefaction  as  a sign  of 
irrecoverable  loss  of  life. 

The  transition  from  life  to  death  may  take  place  with  absolute  sudden- 
ness. In  this  strict  sense  death  takes  place  only  by  lightning,  sunstroke, 
bruising  or  lacerating,  gunshot  wounds,  during  birth  and  confinement,  dur- 
ing severe  operations,  in  many  conditions  of  intoxication,  and  in  certain 
enormous  internal  hiemorrhages  (apoplexia  fnimiaans) ; and  this  even  in 
persons  previously  sound.  In  such  cases  it  is  noticed  that  the  attitude  of 
the  body  and  the  facial  expression  are  just  as  they  were  in  the  last  moments 
of  life,  as  is  testified  by  the  bodies  of  suicides,  and  the  bodies  remaining 
upon  the  battle-field.  In  weakened  persons,  in  convalescents  from  pro- 
longed severe  diseases,  in  certain  diseases  of  the  heart  and  brain,  a similarly 
sudden  mode  of  death  has  been  observed. 

In  the  vast  majority  of  cases,  however,  death  ensues  in  a more  or  less  gradual 
manner  ; certain  signs  precede  its  occurrence,  and  foretell  its  approach.  The 
stage  in  which  these  signs  occur  is  called  the  agony  or  death-struggle.  It  is 
called  a struggle  because  it  sometimes  takes  place  with  symptoms  of  excite- 
ment, chiefly  attacks  of  pain  and  spasms,  and  because  it  is  intended  thereby 
to  designate  in  a poetical  way  the  mutiny  of  the  vital  principle  against 
impending  annihilation.  However,  death  not  seldom  comes  quietly  and 
noiselessly ; it  is  the  sleep  of  death,  so  common  in  very  aged  individuals. 
The  strength  of  the  body  bears  no  relation  to  the  kind  of  agony ; the 
strongest  subject  of  apoplexy  slumbers  unnoticed  into  death,  while  the 
most  emaciated  consumptive  may  struggle  for  days  before  terminating  his 
existence. 

The  phenomena  of  agony  are  in  nearly  all  cases  made  up  of  the  symptoms 
proper  to  the  disease  which  has  caused  the  cessation  of  life,  and  of  signs  of 
progressive  paralysis  of  the  nervous  and  muscular  systems.  If  palsy  was 
previously  present,  it  remains;  or,  if  the  disease  was  characterized  by 
symptoms  of  irritation,  these  gradually  subside.  The  mental  faculties  are 
usually  diminished  or  suspended.  The  moribund,  except  in  those  rare 
cases  in  which  consciousness  is  retained,  is  wholly  indifferent  to  all  his  sur- 
roundings. Most  usually  consciousness  is  lost ; sometimes  it  returns  in  the 
last  moments,  and  there  is  relative  quiet  after  pre-existing  pain,  etc.,  signs 
which  are  claimed  to  constitute  the  physical  pleasure  of  the  dying — 
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scenes  which  novelists  and  excitable  relatives  always  relate  with  many  ex- 
aggerations (tlie  last  words  of  the  dying,  the  so-called  ecstasy,  or  vaticinatio 
moriaitium).  The  unprejudiced  observer  sees  in  the  quietude  the  progress 
of  paralysis,  the  commencing  loss  of  muscular  tonus. 

The  various  apparatuses  die  in  a definite,  somewhat  regular  succession. 

If  consciousness  is  preserved,  the  senses  survive.  The  sense  of  smell 
and  taste  are  the  first  to  foil  ; then  usually  follows  sight,  and  the  dying  per- 
son not  uufrequently  complains  of  seeing  fog,  or  calls  for  light.  The  acous- 
tic apparatus  is  still  impressed  bv  sounds  when  vision  is  quite  dark,  and 
it  is  because  of  this  that  the  persons  present  around  the  death  bed  must  be 
warned  against  making  indiscreet  manifestations.  The  sense  of  touch  is 
sometimes  soon  diminished,  and  sometimes  it  is  the  last  to  wholly  dis- 
appear, as  the  irritability  of  the  conjunctiva  for  example.  The  dying  not 
rarely  feel  the  cold  which  is  creeping  up  from  below  over  the  body. 

Of  the  muscles,  the  external  ones  are  the  first  to  lose  their  property  of 
responding  to  the  will;  movements  are  tremulous,  rather  feebly  convulsive; 
sometimes  more  or  less  generalized  muscular  contractions  occur  without 
producing  any  tension  of  tendons  or  movements  of  limbs ; the  body 
slides  downward  in  the  bed,  the  limbs,  in  accordance  with  gravity,  fall  like 
lead  when  raised  up  and  let  go  ; the  facial  lineaments  are  haggard,  the  lower 
jaw  droops,  the  eyelids  fall  down  over  the  eyes  without  covering  them 
wholly,  the  axes  of  the  eyes  are  parallel,  the  pupils  usually  small,  though 
becoming  very  large  just  before  death  ; the  conjunctiva*  are  reddened  during 
a prolonged  agony  ; the  eyeballs  are  no  longer  fixed,  the  cornea  becomes 
lustreless  and  flaccid ; the  temples  sink  down  ; the  nose  becomes  pointed 
and  appears  elongated  ; the  outlines  of  the  jaws  become  more  evident 
through  the  limp  muscles  ; the  chin  appears  more  pointed  ami  projected  ; 
the  lips  are  dry  ; the  face  yellowish,  at  times  bluish,  cool,  often  covered 
with  cold,  clammy  sweat — we  have  the  facie#  I/ij ipocra ticu . 

The  breathing  becomes  slow,  infrequent,  and  laborious,  the  respiratory 
movements  are  for  the  most  part  dissimilar,  so  that  several  superficial 
movements  follow  a deep  one;  shortly  before  death  ♦hey  become  still  more 
rare,  and,  with  the  exception  of  a few  movements  of  hiccough,  and  of  sigh- 
ing, are  very  easy.  Nearly  always  the  bronchial  tubes  are  filled  with 
mucus,  which  cannot  be  expelled  by  cough  ; and  we  have  at  the  end  audi- 
ble rales  (the  so-called  death-rattle).  The  throat  is  widely  open,  and  the 
(esophagus  paralyzed,  so  that  beverages  fall  into  the  stomach  with  a rumbling 
noise.  1 he  sphincters  resist  hut  feebly,  and  art?  easily  overpowered  by  the 
muscles  of  the  viscera  which  are  only  relatively  powerful,  so  that  involun- 
tary evacuations  of  fieces  and  urine  in  the  bed  are  quite  common.  Much 
more  seldom  there  occurs  lachryniation,  or  an  emission  of  semen  or  prostatic 
fluid. 

i’he  contractions  of  the  heart  become  unequal  to  the  persisting  tonus 
of  the  arteries;  the  arteries  are  less  and  less  filled,  the  pulse  becomes 
small,  frequent,  and  at  last  imperceptible.  In  consequence,  the  entire  skin 
loses  its  redness  and  turgescence  ; the  face  es|>ecially  becomes  suddenly  or 
gradually  blanched,  showing  sometimes  a tinge  of  yellow,  except  in  case 
ot  disorder  in  the  lesser  circulation,  when  it  is  usually  bluish  : tin*  sebaceous 
follicles  are  prominent ; the  hair  and  nails  appear  elongated.  The  visible 
mucous  membranes  usually  are  of  the  same  tint  as  the  face.  In  fever- 
patients  the  temperature  often  rises  bv  .5°  or  1°  C.  during  the  agony.  In 
many  cases  the  elevation  is  sudden  and  very  great,  esj>ecially  in  numerous 
cerebral  and  infectious  diseases.  In  these  cases  it  is  also  not  rarely  ob- 
served that  during  a few  minutes,  a quarter  of  an  hour,  or  even  un  hour 
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after  the  last  breath,  the  mercury  rises  several  tenths  of  a degree.  At  the 
same  time  the  end  of  the  nose  and  ears,  as  well  as  the  hands  and  feet, 
usually  feel  cold.  The  contrary  is  observed  in  those  cases  in  which  the 
patient,  affected  with  a pyretic  or  apyretic  disease,  exhibits  in  the  agony  a 
fall  of  temperature  of  1°  (J. , or  more,  below  the  normal.  This  is,  for  example, 
the  rule  in  cholera,  after  severe  haunorrhage,  in  death  by  inanition. 

An  exact  knowledge  of  the  symptoms  of  the  agony  has  not  merely  a theoretical 
but  a practical  value  ; enabling  the  physician  to  inform  the  relatives  of  the  approach 
of  certain  death  ; to  stop  the  giving  of  medicaments  proper,  with  the  exception,  under 
peculiar  circumstances,  of  nnajsthetics  (euthanasia) ; in  Catholic  countries  to  notify 
the  priest;  and  also  to  make  preparations  for  the  performance  of  operations  (the 
Caesarean  section  for  example). 

It  is  difficult  for  the  physician  to  state  with  precision  the  exact  moment  when 
death  takes  place.  Usually  a last  breath  is  seen,  consisting  naturally  of  an  expiration, 
and  this  is  considered  the  end  of  life.  But  sometimes  the  respirations  are  toward  the  last 
most  irregular,  so  that  often  after  what  seems  the  last  respiration  there  occurs  another 
noisy  and  groan-like,  one-half  to  two  minutes  later ; .and  even  after  this  truly  last  breath 
signs  of  life  are  observed  in  other  organs.  If  we  open  the  chest  of  animals  immedi- 
ately after  death,  the  heart  is  seen  beating  spontaneously.  (The  experiments  of  an 
English  Committee  showed  that  in  asphyxia  produced  in  dogs  by  the  introduction  of 
a tube  in  the  trachea,  the  cardiac  contractions  lasted  as  long  as  three  minutes  fifteen 
seconds  after  the  last  respiration.)  The  arteries,  before  they  collapse  forever,  drive 
the  blood  into  the  veins  ; in  them  and  in  the  cavities  of  the  heart  where  the  blood 
accumulates  the  more,  the  longer  the  agony  lasts  and  the  more  slowly  muscular 
power  fails,  the  fibrin  coagulates.  The  flow  of  lymph  may  last  one  hour  or  more 
after  death  (Bidden,  L esse  hi.  The  muscles  respond  to  electricity  ( tide  infra );  and 
if  artificial  respiration  be  performed  in  asphyxiated  animals,  voluntary  movements 
return.  If  the  abdominal  cavity  be  opened,  the  muscular  apparatus  of  the  intestines 
contracts  spontaneously,  or  by  means  of  electricity,  for  several  hours  after  death. 
That  in  the  peripheral  nerves  the  proper  electric  nerve-force  survives  awhile,  is  shown 
by  the  discovery  of  facts  upon  dead  animals. 

As  long  ns  manifestations  of  activity  take  place  spontaneously,  or  can  be 
artificially  provoked,  death  is  not  general,  and  a general  revivification  is 
not  impossible.  If  we  define  death  as  the  definitive  suspension  of  all  vital 
manifestations,  we  must  allow  between  the  last  breath  and  the  total  and 
irretrievable  cessation  of  irritability  an  interval  of  time,  during  which  life 
does  not  manifest  itself  by  any  phenomena  appreciable  to  our  senses,  and 
in  which  we  are  to  suspend  judgment  upon  the  question  whether  the  sub- 
ject belongs  to  the  living  or  the  dead.  If  a sick  person  has  exhibited  all 
the  above  described  signs  of  agony,  it  can  be  safely  said  that  after  the  last 
breath  the  rest  of  the  organism  will  soon  wholly  die.  The  cardiac  contrac- 
tions soon  cease  after  breathing  has  been  arrested,  and  then  there  is  natur- 
ally a stoppage  in  the  transport  of  oxygen  to  the  tissues,  to  whose  activity 
this  gas  is  indispensable. 

JoSAT  (Sur  la  mort  et  ses  earaolfo'es,  1854)  calls  this  passage  of  life  into  absolute 
death  mort  intennediaire , and  describes  several  cases  in  which  it  was  prolonged  as 
long  ns  twelve  hours.  According  to  von  Hasselt  (Die  Lehre  com  Tode  und  Se/ieintodc , 
I 1H(J2)  many  cases  of  apparent  death  belong  to  this  class  of  phenomena. 

By  the  term  apparent  death  we  understand  a condition  in  which  all 
manifestations  of  life,  if  not  altogether  absent,  are  so  reduced  to  a minimum 
that  the  affected  person  bears  a most  extraordinary  resemblance  to  a corpse. 
It  is  only  by  careful  observations  that  there  are  discovered  a slight  inspira- 
tion, a feeble  cardiac  contraction,  a hardly  noticeable  and  transitory  muscu- 
lar contraction,  especially  about  the  face,  eyes,  and  lips.  Consciousness  and 
sensibility,  and  even  animal  heat,  are  hardly  or  not  at  all  recognizable,  and 
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tin'  sense  of  audition  alone  is  sometimes  normal.  This  deathlike  state  may 
endure  for  hours  and  days.  The  possibility  that  a minimum  of  vitality  will 
suffice  to  prevent  the  decomposition  of  organic  matter,  we  see  in  plants 
during  the  winter  time,  in  the  pupa  state  of  insects;  most  marked,  however, 
in  hibernating  animals. 

The  following  varieties  of  apparent  death  have  been  defined  in  accord- 
ance with  causes : 

1.  Apparent  death  inconsequence  of  internal  morbid  states:  deep  syn- 
cope after  extreme  fatigue  from  long  marches,  after  extremely  severe  labor, 
rarely  after  prolonged  hunger  (shipwrecked  and  insane  persons) ; severe 
spasmodic,  hysterical,  epileptic,  and  eclamptic  seizures;  catalepsy  and 
lethargy;  the  asphyxial  form  of  Asiatic  cholera — many  forms  of  yellow 
fever,  the  plague,  typhoid  fever;  tetanus;  convulsions  in  children;  pro- 
longed paroxysms  of  nervous  asthma,  and  angina  pectoris. 

•2.  Apparent  death  from  external  impressions:  extensive  and  severe  con- 
tusions after  corporeal  punishment ; a high  degree  of  concussion  of  the 
brain,  especially  after  powder  explosions;  severe  or  numerous  wounds, 
particularly  those  accompanied  by  much  shock  or  great  loss  of  blood  ; fre- 
quently after  severe  lnemorrhages,  in  puerperal  women  and  small  children. 

3.  Apparent  death  from  specific  causes:  apparent  death  from  breathing 
irres] arable  gases  ; apparent  death  of  the  newly  born  ; apparent  death  from 
drunkenness,  hanging,  and  strangulation,  from  freezing,  from  rarefaction  of 
the  air,  from  compression,  or  from  burial  under  earth,  from  foreign  bodies 
in  the  mouth  or  pharynx;  apparent  death  from  lightning-stroke,  from  heat, 
from  narcotic  intoxication  (opium,  hydrocyanic  acid,  chloroform,  volatile 
carbon  compounds).  Occasionally  several  of  these  causes  co-operate. 

The  lesser  grades  of  apparent  death,  those  in  which  consciousness  is  preserved  while 
the  ability  to  perform  movements  is  suspended,  are  seldom  met  with  ; they  are  most 
frequent  after  poisoning  with  curare,  niootin,  chloroform,  protoxide  of  carbon. 

The  apparent  death  of  the  newly  born  {airphyrit  neoiuiU'rmn ) is  of  the  greatest 
practical  importance.  Scutll.TZK  defines  this  condition  as  nn  asphyxia  of  the  child 
born  living,  one  developed  in  the  uterus,  ami  one  which  may  be  interrupted,  not 
leading  inevitably  to  a fatal  termination.  The  causes  of  this  condition,  produced  by 
asphyxia,  by  impeded  placental  respiration,  are  partly  in  the  foetus,  partly  in  the 
maternal  organism ; among  the  principal  are  : premature  separation  of  the  placenta, 
compression  of  the  umbilical  cord,  haunorrhnge,  pressure  on  the  brain  ; of  less  im- 
portance, are : too  long  duration  of  labor  after  the  escape  of  the  waters,  too  long 
duration  of  individual  pains,  too  short  intervals  between  pains,  spasm  of  the  uterus, 
hretnorrhage  on  the  mother’s  part,  apparent  death  of  the  mother.  Some  children,  ap- 
parently born  dead,  show  a turgid,  purplish  skin,  injected  and  often  protruding  eye- 
balls, their  museles  are  inactive  though  their  tonus  is  but  little  or  not  at  all  diminished, 
the  vessels  of  the  cord  stand  out  full  of  blood,  the  umbilical  arterial  pulse  is  more  or 
less  slow,  usually  full.  Others  exhibit  a pale,  faded  skin,  relaxed  muscles  (hanging 
down  of  the  lower  jaw  and  the  limbs,  palsied  anus),  the  umbilical  vessels  are  narrow, 
their  pulse  small,  infrequent,  or  altogether  wanting.  In  the  first  defined  class  the 
respiration  usually  is  absent,  in  the  second  it  is  usually  present,  though  rare  and 
jerking.  The  formur  are  called  apoplectic,  the  latter  arnonuc  apparent  deaths. 

(Compare  11.  S.  ScnULTZE,  Da-  Sclwintod  Neugeborener,  1871). 

Apparent  death  is  of  especial  interest,  because  of  the  possibility  of  the 
subjects  of  it  being  buried  alive.  This  occurrence  is  possible  with  early 
burials  (in  some  countries  six  hours,  in  others  twenty-four  hours  after 
death),  and  when  the  verification  of  the  death  is  neglected  or  carelessly 
made. 

The  dread  of  being  buried  alive  is  based  first  upon  a series  of  cases,  in 
which  patients,  considered  as  dead,  have  come  to  themselves  just  previous 
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to  interment ; second  upon  the  fact  that  individuals  condemned  to  die  by 
hanging  have  come  back  to  life  after  execution  ; and  lastly  upon  the  facts 
that  supposed  corpses  have  shown  signs  of  life  after  the  commencement  of 
an  autopsy,  and  that  women  have  shown  such  signs  after  the  Caesarean  sec- 
tion. 

The  greater  number  of  cases  of  burial  alive  are  not  well  established,  and 
the  various  circumstances  brought  forward  as  proofs  of  the  fact  can  be 
otherwise  explained  ; this  being  true  of  the  unnatural  position  of  the  corpse 
in  the  coffin,  noises  heard  in  the  vault,  mutilation  of  the  fingers,  apparent 
growth  of  hair,  etc.  it  would  seem  that  bond-fule  cases  of  this  kind  are 
very  rare. 

The  dread  of  being  buried  alive  is  an  awful  one,  and  yet  there  is  in  truth  but 
little  basis  for  the  fear.  This  is  not  because  of  official  verification  of  the  signs  of 
death,  etc.,  for  that  is  very  imperfectly  carried  out  in  cities,  and  particularly  in  the 
country  ; hut  because  the  eases  are  rare.  The  subjects  are  usually  newly  horn  chil- 
dren, drunken,  or  hanged  men,  or  it  occurs  in  eases  which  have,  previous  to  the  ap- 
pearance of  seeming  death,  surprised  physicians  and  laymen  by  their  remarkable 
symptoms.  It  is  chielly  among  women  of  hysterical,  insane,  cataleptic  disposition 
that  we  meet  with  cases  in  which  the  subjects  can  lie  for  one  or  even  two  weeks  exhib- 
iting a cold,  [>ale  skin,  rather  fixed  eyeballs,  hardly  perceptible  pulse,  very  faint 
cardiac  souuds,  and  hardly  recognizable  respiratory  movements.  Frequently  in  such 
cases  tlie  consciousness  and  hearing  are  intact,  the  patients  feel  their  painful  situa- 
tion, but  are  unable  to  give  any  manifestation  of  activity  ; remembering  afterward 
all  that  transpired  round  about  them.  Such  cnees  undoubtedly  do  occur,  hut  the 
number  of  those  worthy  of  credit  is  very  small  (Skoda,  Zeitsrhr.  d.  (J t sell. , d.  Wiener 
Aerate,  VIII.,  p.  404;  Rosenthal,  Wien.  vied,  JnhrO..  1872,  p.  '197.  Compare  also 
the  cases  collected,  the  majority  without  criticism,  by  Bkuhiek,  Fontenkli.e, 
BoIUUIUT,  BRIQUET). 

The  measures  for  the  prevention  of  premature  burial  are  : the  prohibiting  of  early 
interments  (usually,  not  sooner  than  seventy-two  hours  after  death),  careful  watch- 
ing of  the  body  in  the  room  where  it  lies  before  burial,  or  in  dead-houses ; and  where 
this  cannot  he  done,  obligatory  inspection  of  the  corpse,  or  obligatory  autopsies. 

(Compare  besides  von  Hasselt,  Gust,  i.e  Bon,  l)e  la  mart  ajyiarente  et  dm  inhn - 
relations  prematurees , 1800.  Fauuk,  in  Archices  generates,  1809,  Janvier.) 

The  means  of  distinguishing  apparent  from  real  death,  and  which  may 
also  serve  in  part  as  attempts  at  resuscitation,  are  the  following  : 

The  respiratory  and  cardiac  movements  continue  in  a very  feeble  way  in 
apparent  death,  not  at  all  in  real  death.  Great  reduction  of  these  move- 
ments also  occurs  in  deep  morbid  sleep  and  in  syncope. 

In  order  to  demonstrate  the  breathing,  we  hold  a down  feather  or  a light 
before  the  nasal  apertures,  or  we  place  a small  glass  containing  water  upon 
the  epigastrium,  and  observe  the  oscillations  of  the  fluid,  or  we  hold  a cooled 
mirror  before  the  mouth  and  observe  if  its  polish  be  tarnished.  These 
tests  are,  however,  by  no  means  absolutely  certain. 

In  order  to  observe  the  cardiac  movements  auscultation  of  the  heart  for 
several  minutes  is  to  be  recommended.  In  a number  of  cases  ot  syncope, 
asyphyxia  of  the  newly  born,  cholera,  etc.,  this  yields  a negative  result, 
and  yet  restoration  takes  place.  Besides,  it  should  be  remembered,  that 
in  the  living  the  cardiac  movements  may  be  interrupted  for  a short  time 
by  artificial  means  ; or,  by  acupuncture  of  the  heart’s  apex  we  note  whether 
anv  movement  be  communicated  to  the  needle;  or,  lastly,  we  try  to  ascer- 
tain whether  the  circulation  continues  in  the  arteries  or  veins. 


(MtDDBT-noRPP’s  Akidopeirastik , Zcitsek,  f.  kUn.  Med.,  1856,  VII.  Frag.  Viorttl- 

jahrs. , 1857,  III.)  . , „ , . , , „ 

Wo  are  not  to  place  too  much  reliance  upon  the  failure  of  the  arterial  pulse,  for 
this  sometimes  occurs  during  the  agony  while  the  circulation  is  still  active ; tho 
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sphygmograph  might  be  used  to  give  surer  indications  of  a remains  of  arterial  con 
traction.  DaNIS  (D’un  git/ne  certain,  et  immediat  de  la  m»rt  ri«Ue.  1889)  claims  that 
the  emptiness  of  the  arteries  is  an  infallible  criterion  of  death,  and  proposes  as  the 
best  means  of  determining  this,  the  exposing  and  dividing  of  the  temporal  artery. 

It  is  well  in  such  cases  of  suspected  false  death  to  place  a ligature  firmly  on  a 
limb,  when,  if  the  death  be  real,  no  turgescence  of  the  veins  will  ensue;  and  if  the 
veins  are  then  opened  no  blood,  or  only  a few  drops,  escajHi.  As  regards  venesection, 
it  is  a means  of  secondary  value,  as  the  flow  of  blood  may  also  cease  in  simple  syn- 
cope. It  is  well  in  all  cases  to  put  on  ligatures  after  venesection  ; remembering, 
however,  that  in  corpses  the  development  of  gas  may  then  force  out  a small  amount 
of  blood.  Magnus  ( Virchow's  Are/iir,  1872,  LV..  p.  51 1).  advises  that  a finger  should 
be  tightly  bound  with  a thread;  in  apparent  death  a slight  redness  apj>ears  in  the 
whole  of  that  part  which  is  beyond  the  thread,  while  in  real  death  no  such  effect 
ensues.  Punctures  may  l>e  made  in  parts  where  the  small  vessels  have  thin  cover- 
ings, the  lips  or  tongue,  and  the  escajie  of  a few  small  drops  of  blood  is  a sure  (?) 
sign  of  apparent  death. 

Muscular  irritability  is  excited  by  irritating  sensitive  nerves;  by  pow- 
erful light,  by  sternutatories,  tickling  of  the  nose,  of  the  skin,  burning 
(mustard  preparations,  blisters,  dropping  of  hot  sealing-wax,  of  hot  water, 
application  of  t he  actual  cautery),  sprinkling  with  cold  water,  rubbing  of 
the  entire  body,  particularly  of  t he  back,  to  excite  respiratory  movements. 
The  most  certain  means  consists  in  the  examination  of  the  electrical  excita- 
bility of  the  muscles  anil  nerves;  this  disappearing,  according  to  recent, 
investigations,  in  from  one  and  a half  to  three  hours  after  death. 

Electricity  has  been  long  known  and  used  as  a means  of  testing  for  real  death. 

f Compare  Nicolas,  De  vnr,  mjwri/tu*  mephit,.  etc.,  1781.  Kith.  Ueber  v.  Micbselis, 

i'rh-  r dir  Wie  lrTluriiiiU'Ukd  xr/tj’iiibiir  t‘*i'rr  Mrime/ten,  1790.  Ck-.vk,  De  mrUiU.  iiiiUi- 
mento  emun  ad  erplor.  mortem,  1703.  FoTHKKori.Jj,  .1  Xnr  Inquiry  into  the  Suejirn- 

ftkm  of  Vital  Action,  1 70.7.  Heiumanv,  Zurerl.  Dru fn iK/minUtd  zur  HrHimmung  de* 
ita/tren  1\hU»,  1804.  Sthuvk,  D r Ualeaiutdatmiui,  1805.  Lat-nr,  the  researches  of 
Bdt:R,  Kki.ch.  Bichat,  N issE,  und  others  are  wort  hy  of  note.  We  refer  lastly  to  S. 
Ciiimotkj,,  Detipre t*r»  yairnnique  ou  M/uertpit  ■ !<  ~t . , Uoskntiiai,  ( Wun.  ined. 

Juhrb .,  1872.  p.  389)  has  recently  investigated  the  jr>nt  mortem  electrical  excitability 
of  the  muscles  and  nerves.  According  to  these  researches  the  time  of  disappearance 
of  excitability  varies  between  one  and  a half  and  three  hours  after  deat  h ; it  disapiteara 
sooner  after  chronic  than  after  acute  diseases,  more  quickly  in  those  reduced  than  in 
the  strung.  The  excitability  of  nerves  fails  sooru-r  than  that  of  the  muscles ; 
the  orbicularis  palpebrarum  remains  longest  excitable.  Even  three  hours  after 
death,  when  the  rectal  temperature  Ls  still  38  -37"  C. . w hen  the  joints  are  still  flexi- 
ble, the  diagnosis  of  real  death  may  be  positively  made  from  the  loss  of  muscular  and 
nervous  excitability  to  the  faradie  and  galvanic  currents.  In  a case  of  hysterical 
seeming  death,  the  preservation  of  electro- muscular  anil  nervous  excitability  indi- 
cated life  when  hardly  any  other  sign  of  it  was  perceptible.  Rosenthal  considers  as 
erroneous  the  observations  of  Tracy  and  Josat,  to  the  effect,  that  in  ether  sleep 
and  poisoning  by  carbonic  oxide,  the  electro-muscular  reaction  is  in  greater  part  or 
wholly  lost. 

The  testing  of  the  sensibility  of  the  skin  is  not  always  certain,  for  there 
are  many  cases  of  apparent  death  in  which  recovery  takes  place  where, 
owing  to  asphyxia,  the  sensibility  to  cutaneous  irritants  seems  wholly  lost, 
and  the  same  is  observed  in  cases  of  deep  narcosis  produced  by  chloroform 
[ether],  hypnotism,  etc. 

A good  means  of  testing  real  death  is  by  applying  mustard  plasters,  or 
rubbing  the  skin  with  moistened  flannel,  or  with  brushes,  until  the 
epidermis  is  destroyed.  In  cases  of  real  death  the  spot  on  which  lay  the 
mustard  does  not  become  red,  the  rubbed  parts  do  not  become  moist,  but 
dry,  and  appear  in  from  six  to  twelve  hours  yellowish  brown,  horny,  and  a 
little  translucent. 
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(Kmtoe.  Da  ruth  extiecatione,  oerto  mortis  signo,  Lips.,  1842.  E.  IL  Weber,  Fro 
ritp'x  N(‘tu. , 18T>H. ) 

Hassklt  ( l**oo  cit..  p.  :51)  cites  several  cases  in  which  during  the  asphyxial  stage 
of  narcotic  poisoning  the  skin  was  not  reddened  by  the  application  of  irritants,  and 
in  which,  after  the  lapse  of  some  hours,  when  some  improvement  had  taken  place,  a 
blush  appeared.  If  the  actual  cautery  be  applied  upon  a corpse,  there  arise  only 
carbonized,  brownish,  dry,  more  or  less  hard  or  leathery  welts;  at  least  no  vesicles 
and  no  inflammatory  reaction  appear  as  in  the  living  and  in  those  seemingly  dead  : 
this  constitutes  Ciikistibon’s  test.  According  to  Jos  at  and  Bo  licit  UT,  then!  are 
some  forms  of  seeming  death  in  which  all  local  reaction  fails  to  appear  under  the 
cautery  test;  and  in  more  recent  times  the  reliability  of  Ciiuistison's  experiment 
has  been  much  put  in  doubt  by  the  experiments  of  Buchner,  Engel,  Masciika, 
and  others. 

The  flexor  muscles  overcome  the  extensors  (the  arms  are  turned  inward, 
the  hands  bent,  the  thumb  thrust  into  the  palm) ; the  lower  jaw  lumgs 
down;  the  sphincter  aui  remains  open  ; the  body  flattens  itself  where  it 
lies  : all  these  things  take  place  in  true  death. 

Blcmexbacii  attributes  groat  value  to  the  flattening  and  wrinkling  of  the  skin. 

The  face  of  the  corpse  usually  presents  a pale,  waxy  appearance.  The 
face  is  purplish  when  death  has  occurred  from  a severe  disturbance  in  the 
lesser  circulation  (strangulation,  hanging,  suffocation,  drowning,  severe 
pulmonary  affections,  especially  in  young  individuals).  The  face  is  yellowish 
in  patients  who  have  had  icterus,  etc.  People  who  usually  have  red  faces 
sometimes  preserve  this  color  in  death.  The  finger-tips  usually  are  of  the 
same  color  as  the  face  ; sometimes  they  are  bluish  in  bodies  which  are 
otherwise  pale. 

The  skin  of  the  dead  is  wholly  opaque,  that  of  persons  apparently  dead  not  so. 
This  last  is  best  seen  by  holding  one’s  own  lingers  held  close  together  against  a bright 
light ; the  sides  of  the  fingers  appear  reddish  and  translucent.  The  non-translucency 
of  the  lingers  (so-called  dvnatno.scopy.  of  Collanguks)  sometimes  fails  in  cholera 
patients,  in  the  subjects  of  hectic,  while  it  may  be  present  in  those  dying  of  dropsy. 

Discolorations,  lirores  mortis,  are  purplish  spots  which  in  general  make 
their  appearance  in  from  eight  to  twelve  hours  after  death  ; at  first  upon 
dependent  portions  of  the  body,  in  the  dorsal  decubitus  upon  the  back  of 
the  corpse,  upon  the  face,  belly,  and  chest,  if  the  corpse  have  lain  upon  its 
face.  Later,  with  the  progress  of  decomposition,  they  extend  over  the 
whole  body.  They  are  the  more  extensive  in  proportion  as  the  blood  is 
more  fluid  (suffocation,  infectious  diseases).  Their  color  depends  upon 
the  color  of  the  blood  ; they  are  very  pale  when  the  blood  is  poor  in  blood- 
corpuscles,  bright-red  in  poisoning  by  carbonic  oxide,  bluish-red  in 
cyanosis,  etc.  Body-discolorations  are  by  no  means  a conclusive  sign  of 
death  : they  have  several  times  been  seen  during  life  in  cases  of  asphyxia 
bv  charcoal  vapor,  in  which  recovery  took  place ; and  in  such  cases  they 
are  present  upon  the  anterior  as  well  as  the  posterior  surface  of  the  body. 
In  very  amende  and  in  dropsical  subjects  they  are  occasionally  wholly 
absent;  in  many  eases  (scarlet  fever,  typhus)  they  much  resemble  the 
petechhe  seen  during  life.  Occasionally  these  discolorations  are  very  much 
like  extravasations  in  or  under  the  skin : an  incision  in  the  affected  part 
serving  to  prevent  this  mistake. 

The  coldness  of  the  body,  algor  mortis , appears  at  a variable  time  (one- 
half  to  twenty-four,  a mean  of  six  to  twelve  hours)  after  death,  according 
to  the  temperature  of  the  dying  person  and  of  surrounding  media,  depend- 
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ir.g,  for  instance,  upon  the  stay  of  the  corpse  in  bed,  or  out  of  it,  varying 
in  death  from  freezing  or  drowning.  In  very  old  and  very  young  persous, 
in  those  who  are  extremely  emaciated,  and  in  the  subjects  of  chronic  diseases, 
it  appears  more  rapidly  than  in  younger  and  better-nourished  individuals, 
and  in  those  having  acute  diseases,  in  cases  of  hanging,  in  persons  killed 
by  lightning  and  by  charcoal  vapors,  tiiis  condition  sets  in  very  slowly.  In 
many  forms  of  apparent  death,  as  well  as  in  asphyxia  from  freezing  and 
drowning,  and  in  the  algid  stage  of  cholera,  the  surface  is  extremely  cold. 
( Vb!>‘  infra,  on  FEVER.) 

The  eyelids  are  half  open  in  death,  very  seldom  closed.  Tho  eyes  are 
sunken  and  their  axes  stand  parallel.  The  eyeball  is  less  firm,  because 
some  of  its  fluid  contents  has  evaporated,  and  later  because  of  the  com- 
mencement of  decomposition.  The  eye  is  wholly  insensible.  In  a few 
hours  after  death  the  sclerotic  becomes,  especially  if  the  eyelids  are  not 
closed,  yellowish  by  drying;  and  later  it  seems  to  be  covered  with  bluish 
specks,  particularly  in  the  neighborhood  of  the  cornea;  it  becomes  thinner 
and  allows  the  choroid  to  show  through  it.  The  cornea  loses  its  brilliancy 
soon  after  death,  and  becomes  cloudy,  in  part  because  the  intra-ocular  ten- 
sion is  diminished,  in  part  because  of  the  loosening  and  swelling  of  its  epi- 
thelium. A muddy  appearance  of  the  cornea  does  occasionally  show  itself 
just  before  or  iu  the  agony.  A prolonged  brightness  of  the  eye  is  observed 
in  cases  of  apoplr.cui  fulminant,  in  death  by  strangulation,  charcoal 
vapors,  alcoholics,  chloroform,  hydrocyanic  acid.  The  pupils  are  very  wide 
and  immovable. 

Larch  EH  (Archiees  gen..  .Turn,  1803)  claims  that  the  cadaveric  infiltration  of 
the  eyeball  is  an  important  sign  of  death.  It  consists  at  first  simply  in  a barely  visi- 
ble black  spot,  which  extends  more  and  more,  usually  of  n round  or  oval  shape.  sel- 
dom triangular.  It  appears  always  in  the  white  of  the  eyes,  at  first  iu  its  external, 
later  iu  its  internal  side.  Both  *ih>(s  extend  horizontally.  Incoming  narrower,  and 
at  length  unite  in  the  inferior  segment  of  the  eye  This  cadaveric  infiltration  of 
the  eye  is  a symptom  of  putrefaction ; it  is  a transition  state  lx; tween  the  slightly 
marked,  disappearing,  or  already  gone,  ]mm/  mortem  rigidity,  and  the  well-known 
results  of  putrefaction. 

Thcposf  mortem  rigidity,  cadav  brut  rigidity,  or  rigor  mortis,  constitutes 
one  of  the  most  characteristic,  though  not  absolutely  certain  signs  of  death. 
It  commences  in  the  muscles  of  the  lower  jaw  and  neck,  then  extends  to 
the  trunk,  to  the  arms,  and  the  legs,  and  at  last  involves  the  internal  parts 
(the  heart,  vessels,  stomach,  intestines,  etc,),  diminishing  in  the  same 
sequences.  It  makes  its  appearance  sooner  or  later,  according  to  the  course 
of  death  ; most  rapidly  after  many  gunshot  wounds,  after  drowning  in  cold 
water,  after  tetanus,  after  poisoning  by  hydrocyanic  acid,  and  by  strychnia, 
lifter  high  ante  mortem  temperature,  sometimes  after  typhoid  fever;  in  gen- 
eral terms,  the  sooner,  on  tho  one  hand,  the  more  the  muscular  power  was 
exhausted  before  death,  so  that  we  see  after  gunshot  wounds,  after  tetani- 
form  spasms,  muscular  contractions  passing  into  rigidity;  on  the  oilier  band, 
after  prolonged  muscular  inactivity,  as  in  typhoid  fever.  Furthermore, 
rigidity  appears  sooner  and  is  stronger  in  aged  jiersons,  in  muscular  subjects, 
after  many  very  acute  diseases.  External  influences,  for  example  the  long 
stay  of  the  body  in  a warm  bed,  especially  a very  high  or  a very  low  external 
temperature,  ImAe  but  little  influence,  or  none  tit  all,  upon  the  rapidity  or 
slowness  ut  the  appearance  of  rigor  mortis.  Usually  it  appears  in  from 
lour  to  twelve  hours,  seldom  later  than  twenty-four  hours,  rarely  in  a few 
minutes,  or  immediately  after  death,  Jiigor  mortis  diminishes  after  it  lias 
lasted  twenty-four  to  forty-eight  hours,  seldom  earlier  ; it  occasionally  per- 
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sists  five  to  six  days,  as  in  death  from  acute  poisoning  by  alcohol,  and  Vy 
nitre-benzine,  in  this  condition  the  muscles — flexors  as  well  as  extensors — 
shorten  and  thicken,  just  as  in  contraction  during  life.  The  limbs  arc, 
owing  to  the  greater  strength  of  the  flexors,  somewhat  flexed,  the  lower  jaw, 
it  it  have  hung  down,  is  closed  again,  so  that  the  face  has  once  more  a life- 
like aspect.  Cadaveric  rigidity  invades  also  the  non-striated  muscles.  The 
rigidity  of  the  muscles  of  the  skin  is  the  cause  of  the  so-culled  goose-flesh  of 
the  dead. 

According  to  Larcheu  (DeVimbibition  eadaverique  da  globe  de,  I'tril  ct  de  la  rigidite 
muscuUiire , etc.,  1808)  the  first  muscles  which  stiffen  are  those  which  move  the 
lower  jaw,  the  muscles  of  the  lower  limbs  almost  simultaneously,  those  of  the  neck 
next,  and  last  those  of  the  upper  extremities — be  the  cause  of  death  what  it  will. 

Rossr. \c u ( Virchow's  Archie,  XL!.,  p.  558)  has  described  a rigor  mortis  beginning 
during  the  last  moments  of  life.  In  ordinary  cases  death  completely  relaxes  the 
muscles,  even  if  during  the  last  minutes  of  life  they  were  strongly  or  feebly  con- 
tracted. In  a few  rare  cases,  however,  the  post  mortem  rigidity  is  a direct  and  sud- 
den continuation  of  living  muscular  contractions.  In  such  eases  the  attitude  exist- 
ing during  life  is  preserved  in  death.  This  extremely  sudden  rigidity  is  met  with 
after  unexpected  and  sudden  as  well  as  after  gradual  death;  it  affects  tetanized  as 
well  as  feebly  contracted  muscles  ; it  is  not  produced  by  special  wounds;  but  besides 
in  cases  of  gunshot  wounds,  this  sudden  stiffness  takes  place  after  tetanus,  after 
drowning  in  cold  water,  after  the  injection  of  various  medicinal  substances  into  the 
arteries. 

The  living  contracted  muscle  is  translucent,  soft,  contractile,  and  very  perfectly 
elastic ; whereas  the  muscle,  in  a state  of  post  mortem  rigidity,  is  opaque,  hard,  non- 
contractile,  inelastic,  easily  torn,  and  when  once  forcibly  stretched  does  not  again 
shorten,  but  remains  soft.  Living  muscular  fibres  exhibit  protrusion  of  the  muscular 
substance  through  lacerations  of  the  sarcolernma  ; dead  ones  do  not.  The  cause  of 
the  stiffness  is  well  known  to  he  the  coagulation  of  the  muscular  substance,  myosin, 
which  is  liquid  in  life.  In  this  coagulation  a free  acid  (the  so-called  muscular  milk 
sugar)  appears;  while  the  living  muscular  fibre,  still  fresh  enough  to  respond  freely 
to  the  galvanic  current,  always  yields  an  alkaline  reaction;  free  acid  being  found, 
without  coagulation  of  the  myosin,  only  in  very  much  exhausted  muscles.  Myosin 
is  ooagulable  in  consequence  of  cessation  of  afflux  of  blood,  by  a temperature  of  50 
C.  (the  so-called  heat-rigidity),  by  acids,  especially  carbonic  acid.  The  restoration 
of  fresh  blood  to  rigid  muscles  does  not,  or  does  only  in  the  least  degree,  make  them 
agaiu  contractile,  but  they  become  decomposed.  In  solutions  of  common  salt,  of 
saltpetre,  and  carbonate  of  soda  (which  redissolve  the  coagulated  myosin)  rigid 
muscu  ar  fibres  again  look  like  fresh  ones.  Vint  remain  non -excitable.  If.  now,  arterial 
blood  be  supplied,  the  muscular  fibres  once  more  become  soft  arid  translucent,  exhibit 
an  alkaline  reaction,  aud  contract  after  irritation  of  their  nerves,  as  well  as  upon 
direct  excitation. 

Compare  the  physiological  researches  of  IIahi.kss,  Rkvcke,  Dt'iiois,  Kf'liXE,  and 
others.  Also,  Amskiis,  Deutsche  Klin  ik,  Sept..  1851  ; Ki  ssmai t„  Drag.  Vierfrljrsc.hr., 
1850. 1.,  p.  02;  and  in  Virchow's  Archie , XIII.,  p.  289  ; I’ei.ikan,  licit  rage  z.  gerichtl. 
Medici  n,  Wurtzb.,  1858. 

The  considerations  brought  forward  against  the  positive  meaning  of 
past  mortem  rigidity  are  of  little  value.  The  confounding  of  this  condition 
with  the  muscular  rigidity  of  apparent  death  in  cases  of  freezing,  of  hyster- 
ical asphyxia  with  simultaneous  catalepsy,  with  tetanic  and  eclamptic 
attacks  is  hardly  possible.  That  in  many  cases  rigidity  is  not  observed  is 
in  part  owing  to  its  being  overlooked,  in  part  because  of  its  sudden  appear- 
ance and  disappearance,  in  part  because  of  its  late  beginning.  It.  is  only 
in  the  prematurely-born  foetus,  and  in  frozen  and  thawed  bodies  that  it 
seems  really  to  fail.  This  may  also  be  the  case  in  poisoning  by  mush- 
rooms, in  death  by  hydrosulphide  of  carbon. 

In  cholera-cases  there  have  often  been  observed,  several  hours  after  death,  move- 
ments of  the  legs,  bending  of  the  knee,  raising  of  the  arms  (DlETL,  aud  others), 
ejaculation  of  semen  (GuTEIIOOCK,  and  others). 
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The  beginning  of  decomposition  (putrefaction)  coincides  with  the  ending 
of  rigidity.  The  ammoniacal  products  of  this  decomposition  first  neutralize 
the  acidity  of  the  stiffened  muscles,  and  then  dissolve  the  myosin. 

Putrefaction  is  characterized  by  the  cadaveric  odor,  by  the  greenish  hue 
of  the  skin,  and  by  the  development  of  gases.  These  phenomena  appear  at 
a variable  time  (from  a few  hours  to  one  week  or  more)  after  death,  accord- 
ing to  t he  temperature  and  moisture  of  the  air,  according  to  the  composition 
of  the  body,  the  kind  of  illness  which  killed  the  patient,  the  degree  of  mus- 
cular irritability  just  before  death ; in  general,  it  occurs  soonest  in  plethoric 
ami  fat  individuals,  in  newly  confined  women,  after  death  from  very  acute 
disease ; most  slowly  in  old  jxu-soiis,  in  the  emaciated,  after  chronic  dis- 
eases, in  those  dead  of  alcoholism,  etc. 

According  to  BuoWN-SftQUABD,  the  period  of  commencement  of  both  rigidity  and 
putrefaction,  as  well  as  their  duration,  are  immediately  related  to  the  degree  of 
muscular  irritability  existing  at  the  moment  of  death.  Everything  that  diminishes 
the  degree  of  muscular  activity  before  death,  determines  a rapid  development  of 
rigidity,  shortens  its  duration,  and  affects  putrefaction  in  the  same  way  ; while  every- 
thing that  increases  muscular  activity  acts  in  just  the  opposite  way.  Thus  it  is  that 
animals  hunted  to  death  in  an  arctic  winter  become  quickly  rigid,  and  rapidly 
putrefy.  The  flesh  of  over-driven  cattle  soon  spoils  after  slaughtering.  1 n all  cases 
of  death  by  convulsions,  rigidity  and  deconi{K>sition  soon  occur,  whether  disease  or 
poison  have  caused  the  death.  Everything  which  exhausts  the  system  and  reduces 
muscular  irritability  retards  putrefaction.  <See  ilttowx-Skqt  aiid’s  Cruoiiutn  LiC- 
ture , 1801.) 

The  cadaveric  odor  is  characteristic.  The  greenish  color  first  shows  itself 
upon  the  belly,  in  the  ileo  ciecal  region;  next  in  the  intercostal  spaces;  and 
last  in  the  remainder  of  the  body;  following  by  preference  the  course  of 
the  veins.  It  appears  in  a time  after  death  which  varies  according  to  the 
temperature  of  the  air  to  which  the  corpse  is  exjwjsed,  and  according  to  the 
season ; on  the  average  upon  the  third  day,  though  not  rarely  much  later 
when  the  surroundings  are  cold.  The  occurrence  of  putrefaction  is  post- 
poned if  the  hotly  lies  in  an  atmosphere  containing  watery  vapor,  and  at 
1!(J°  to  2oJ  0.  In  colored  people  the  greenish  color  may  be  recognized  by 
rubbing  the  epidermis  from  the  belly  by  means  of  a cloth.  The  green  color 
is  in  all  probability  due  to  a combination  of  the  coloring  matter  of  the 
blood  with  sulphur. 

The  formation  of  gas  begins  in  the  intestines,  distends  the  abdomen,  and 
may  then  cause  the  lower  bowel,  the  bladder,  and  even  the  uterus  and 
seminal  vesicles,  to  expel  their  contents  after  death.  It  afterward  affects 
the  entire  skin,  producing  a raising  of  the  epidermis  by  greenish  vesicles. 

Cadaveric  rigidity  and  putrefaction  in  the  first  place,  j»>st  mortem  dis- 
coloration, the  eye-ball  changes,  the  kind  of  disease  preceding  death,  and 
the  agony  in  the  second  place  are  infallible  signs  of  death.  Although  the 
first-named  phenomena  occur,  under  ordinary  conditions,  several,  or  many 
hours  after  death,  it  is,  in  individual  cases,  hazardous  to  make  them  tho 
criteria  of  true  death  souu  after  apparent  dissolution. 


Besides  those  above  enumerated,  a great  many  means  of  distinguishing  true  from 
seeming  death  have  been  proposed.  Of  those  some  are  not  more  reliable  than  those 
spoken  of  above,  some  are  complicated  and  costly,  some  are  really  ludicrous.  Such 
are  Nasnk'h  T ha  tintometer.  VON  Hknoel’s  AhunuUktye  < indicator  that  no  more  life  is 
present),  Meyer’s  liunneter  or  [ftuecotje,  the  erreneil  mttri&il,  etc. 

Compare  especially  Fit.  Xassk,  JHt  Vnterueheviung  den  SrJteiutodet  tom  irir/dic/ien 
'Jude,  1811.  v.  Hassket,  op.  cit.  G.VCNAL,  Mori  re  die  ct  mort  npparente,  1808. 
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The  causes  of  death  are  numerous;  but  the  following  division  may  be 
recognized : 

Cessation  of  the  circulation,  through  various  diseases  of  the  heart  and 
great  vessels. 

Cessation  of  respiration,  through  the  action  of  various  causes  (suffoca- 
tion or  strangulation).  , 

Deficient  nutrition,  either  produced  by  albumen  {vide  infra,  inanition), 
or  by  water  (so-called  water-inanition)  ; the  weakness  of  obi  age. 

Extreme  or  long-continued  elevation  or  diminution  of  the  tempera- 
ture of  the  BODY,  and  simultaneous  deficiency  of  regulating  means  (burn- 
ing, freezing ; many  diseases). 

Severe  physical  and  chemical  agencies  (crushing,  sun-stroke,  light- 
ning-stroke, etc.),  and  many  poisons,  some  derived  from  without,  others  from 
within  the  organism  (biliary  acids,  purulent  infection,  etc.). 

Severe  psychical  impressions  (fright,  grief,  etc.). 

Those  organs  which  are  the  instruments  of  the  most  important  activities 
of  life,  and  whose  injury  most  quickly  causes  death,  were  called  by  the  an- 
cients atria  mortis  • they  are  the  heart,  lungs,  and  the  brain,  or,  to  be  more 
exact,  the  medulla  oblongata.  Hence  we  have,  especially  for  the  laity, 
three  different  modes  of  death  : (1)  death  from  the  brain,  called  death  by 
apoplexy  (as  in  concussion  of  the  brain,  large  extravasations)  ; (2)  death 
from  the  respiratory  organs,  by  asphyxia,  or,  more  properly,  by  suffocation 
(as  by  the  breathing  of  irrespirable  gases)  ; (3)  death  from  the  heart,  by 
syncope  (as,  for  example,  in  rupture  of  the  heart).  These  three  modes  of 
death  seldom,  and  only  in  sudden  death,  occur  in  pure  forms.  Usually, 
especially  in  slowly  produced  death,  they  combine  with  each  other  in  vari- 
ous ways:  for  example,  interference  with  the  circulation  alters  the  composi- 
tion of  the  blood,  and  disturbs  the  circulation  in  the  central  nervous 
system,  and  this  in  its  turn  impedes  respiration,  and  both  together  diminish 
the  heart’s  activity.  In  individual  cases,  even  when  a well-conducted 
autopsy  is  made,  it  is  often  difficult  to  determine  the  exact  way  in  which 
death  has  been  brought  about.  Even  where  we  have  the  most  striking  ana- 
tomical changes  it  is  not  easy  to  specify  the  immediate  cause  of  death.  We 
see  patients  die  with  pneumonia,  typhoid  fever,  pleuritic  exudations,  arti- 
cular rheumatism,  etc.,  in  whom  the  gross  anatomical  alterations  are  most 
probably  as  developed  as  in  those  cases  which  terminate  in  recovery.  The 
morbid  process  by  itself,  i.e.,  the  intestinal  lesion  in  typhoid  fever,  the 
infiltration  of  a pulmonary  lobe,  etc.,  does  not  usually  kill.  Many  diseases 
go  on  to  a fatal  issue  because  of  mechanical  accidents,  or  complications  not 
to  be  diagnosed.  At  the  present  day  the  greatest  importance  is  attached 
to  the  anatomo-pathological  condition,  while  the  chemical  processes  are 
only  regarded  in  cases  of  common  poisoning,  and  in  a few  so-called  consti- 
tutional diseases.  And  yet  such  processes  must  have  played  an  active 
part  in  those  cases  in  which  the  autopsy  yields  the  so-called  “ negative 
results.” 

Although  it  is  true  that  we  cannot  always  say  in  what  manner  death 
was  brought  about,  yet  certain  it  is  that  the  immense  majority  of  human 
beings  who  die  bear  within  them  some  severe  tangible  lesion.  Nine  out  of 
ten  men  die  of  disease.  Even  in  the  still  born  there  are  found  numerous 
foetal  diseases,  and  in  cases  of  “ death  from  old  age,”  there  are  usually  iin 
portant  lesions  aside  from  the  quasi-normal  alterations  of  organs  producd 
by  age.  About  as  many  persons  die  of  acute  as  of  chronic  diseases.  In 
hospital  patients,  among  whom  every  form  of  disease  is  met  with,  there  is 
about  1 death  in  10  cases.  Even  under  the  most  favorable  circumstances 
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the  proportion  of  deaths  is  1 : 30.  The  relation  of  deaths  in  a given  period 
of  time  to  the  population  during  the  same  period,  varies  so  much  in  difl'er- 
ent  countries  that  we  have  1 death  to  20  or  50  lives  ; children  and  still- 
born infants  being  included. 


The  following  are  the  ratios  in  various  countries : 

France,  1 : 30.7. 

United  States  = 40.3. 

Italy,  ) . 

40.  Greece,) 

In  large  cities  the  mortality  is  greater  than  in  the  whole  country  in  which  they 
are  : 


England,  1 : 51. 
Germany,  1 : 45. 
Belgium,  1 : 43. 
Switzerland,  1 : 
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Turkey.  1 :80. 
Russia.  1 ; 27. 
Bata  v ia,  1 : 20. 
Bombay,  1 : 20. 


Dresden,  1 : 27.7. 
Berlin,  1:25.5. 
Prague,  1 : 24.5. 
Vienna,  1 : 22.5. 
London,  1 : 40.7. 
Liverpool,  1 : 36. 1. 
Manchester,  1 :34.9. 
Glasgow,  1 ; 35. 
Kdiniu  rgu,  1 : 37.7. 
Dublin,  1 : 34.6. 
Paris,  1 : 47.4. 

Lyons,  l : 87.7. 

Nick.  I -.31.4. 

Naples,  1 : 28. 


Rome,  1 : 24.0. 
Florence,  1 : 28. 
Amsterdam.  1 :37.0. 
Copenhagen,  1 : 42  2. 
Brussels,  1 : 44.2. 
Athens,  1 : 80.3. 
Geneva,  1 : 51.5. 
Algiers,  l : 20.7. 
Alexandria,  1 : 15.7. 
Cairo,  1 : 12.2. 

New  York,  1 : 30.0. 
Philadelphia.  1 : 38.3. 
Brooklyn,  1 : 34.1. 

St.  Louis,  1 : 48.7. 


Chicago.  1 :80.1. 
Baltimore.  1 : 39.8. 
Boston.  1 : 32.7. 
Cincinnati,  1 : 48.0. 

W vmiington,  1 : 49.0. 

New  Oiu.i  \ns,  1 : 82.7. 
Santa  F :,  1 : 58. 1. 
PlTTSIiURG,  1 : 30.1. 
Richmond.  1 : 84  !». 
Montreal.  1 : 20.8. 
Burlington.  Vt..  1 : 102.0. 
Denver,  1 : 119.0. 

[From  N.  Y.  Roard  of  Health 
Report  for  lfcTSL — E».] 


With  the  exceptions  mentioned  at  p.  24,  men  do  not  die  suddenly.  Tims 
we  distinguish  certain  modes  of  death  as  very  rapid  or  sudden,  from  the 
common  death.  The  end  of  life  may  still  be  said  to  occur  suddenly,  even 
when  the  death-struggle  hits  lasted  several  hours.  What  is  essential  in  the 
conception  of  this  mode  of  death  (worn  mibiUmea. , a.  per  apoplexiam , in  the 
old,  symptomatic  sense  of  t he  word)  is  the  unexpectedness  of  the  event  rela- 
tively to  the  previous  condition  of  the  individual.  The  symptoms  of  agony 
last  from  a few  minutes  to  a few  hours,  consisting  often  only  in  insensibility, 
insomnia,  convulsions,  and  difficult  breathing.  A rapid  death  is  frequent 
in  the  earliest  years  of  life,  is  very  rare  from  the  first  year  to  complete 
puberty,  then  increases  in  frequency  with  each  year  of  life  up  to  the  fiftieth, 
and  also  occurs  in  the  most  advanced  age.  It  is  once  again  as  frequent  in 
males  as  in  females.  It  occurs  more  frequently  in  the  day  than  in  the  night ; 
and  is  more  common  in  winter  and  spring  than  in  other  seasons.  Sudden 
death  is  more  apt  to  take  place  shortly  after  meals,  and  during  defecation. 

It  we  take  the  mass  of  cases  of  sudden  death  in  the  symptomatic  sense, 
and  inquire  what  lesions  are  found  in  their  examination  post  mortem,  we 
may  divide  the  total  number  into  four  categories : 

1.  Frequently  no  important  alterations  from  which  the  fatal  result  might 
have  come  are  found,  at  least  none  discoverable  with  our  present  means  of 
observation.  This  is  true  in  many  conditions  enumerated  above,  further,  in 
many  cases  of  commotio  cerebri,  of  crushing  of  the  chest  or  abdomen,  in 
operative  or  manual  reduction  of  hernia,  in  cases  of  ovariotomy  unattended 
by  much  loss  of  blood,  and  lastly,  in  eases  of  death  from  stiong  emotional 
disturbance.  Many  cases  of  this  kind  are  at  the  present  time  called  cases 
of  shock. 

2.  There  are  lesions  which  may  be  the  cause  of  sudden  death,  and  which 
are,  in  all  probability,  developed  during  the  short  agony.  To  this  class 
belong  cousidetable  serous  effusion  in  the  ventricles  of  the  brain,  extreme 
emphysematous  distention  of  the  superficial  parts  of  the  lungs,  amentia  and 
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hypertemia  of  the  brain  and  the  lungs.  To  this  category  also  belongs, 
probably,  the  existence  of  free  gas  in  the  vascular  system,  without  opera- 
tion, and  without  a trace  of  putrefaction.  Cases  of  this  kind  are  met  with 
-.in  newly  delivered  women,  in  nursing  women,  in  newly  born  and  in  very 
young  children,  in  old  and  in  very  corpulent  persons. 

3.  There  are  met  with  lesions  which  must  positively  have  produced  death 
in  a short  time  ; acute  serous  exudation  in  the  air-vesicles  (wderna  pulrno- 
nurn)  ; the  presentation  of  polypoid  excrescences  of  the  mucous  membrane  in 
the  larynx  ; foreign  bodies  or  solid  exudations  impacted  in  the  larynx ; 
entrance  of  air  into  the  large  veins,  as  may  occur  in  operations  ; lacerations 
of  the  heart  or  great  vessels  ; rupture  of  the  stomach,  liver,  uterus  (the  peri- 
tonitis following  these  accidents  only  proves  fatal  after  several  days);  severe 
cerebral  haemorrhage,  bursting  into  the  ventricles,  or  directly  pressing  upon 
or  destroying  the  pons  Varela  or  the  medulla  oblongata. 

4.  There  are  found  lesions  which  often  kill,  but  which  have  lasted  a long 
while,  and  it  is  impossible  to  say,  from  the  conditions  present,  why  death 
should  have  occurred  just  at  that  particular  time.  Independently  of  sud- 
den deaths,  we  must,  in  this  category,  make  the  same  interpretation  which 
we  must  often  fall  back  upon  in  cases  of  chronic  as  well  as  many  of  acute 
disease.  Thus  we  meet  with  a sudden  end  in  pulmonary  tuberculosis,  in 
the  pneumonia  of  the  insane  or  of  old  people,  in  diseases  of  the  heart,  in 
aneurisms,  in  cerebral  softening,  and  tumors  of  the  brain;  only  rarely  in 
cholera,  typhoid  fever,  the  acute  exanthemata. 

Upon  the  subject  of  sudden  death  there  is  quite  a large  literature,  both  in  the  olden 
time  (Lancisi,  Do  inortibu*  mbitnntis  libri  duo.  1707) ; and  in  recent  years,  compare 
especially  Heiibich  and  Popp,  Dor  jAiitzliche  Tod , 1H43. 
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GENERAL  ETIOLOGY. 

Compare  the  previously  mentioned  works  on  general  pathology,  especially  those  of 
Hkusinoer.  IIem.K,  StaRCK.  Among  newer  works,  Rkicu,  Lthrbueh  der  aUgemeina 
JEtinlogir  </.  Hygiene , 1838,  and  Veber  tier  Kntnrtung  d.  MenacJun,  1808;  Stamm, 
Ofthihmie,  1802;  OksTKRI.KN,  llandb.  der  mid.  .Statintik,  18<i3;  J.  Kankk.  Qrvndeuga 
d.  Phyx.  d.  MenacAtn.  1808<2d  ed. ),  and  Virbohdt,  Grand  rum  d.  Phyx.  d.  MenarAen, 
1871  (4th  ed. ).  The  special  Literature  is  indicated  in  each  paragraph. 

./Etiology,  or  the  knowledge  of  the  causes  of  disease,  is  one  of  the  weakest 
chapters  of  pathology.  And  this  is  because  there  are  but  few  diseases  of 
which  we  know  a certain  influence  must  of  necessity  have  caused  them ; as 
is  the  case  with  many  mechanical  causes  of  disease,  with  parasites,  poisons, 
medicines.  Even  in  the  few  cases  in  which  we  do  determine  the  oj>e  ration 
of  such  an  influence,  as  in  the  case  of  poisons,  we  remain  ignorant  of  the 
nature  of  the  substance  producing  the  result  ; as  in  variola  and  syphilis. 
We  only  know  that  pus  taken  from  a person  having  a given  disease,  if 
brought  in  contact  with  a healthy  person,  will  produce  a similar  condition. 
And  still  we  have  as  yet  been  unable  to  isolate  the  sj>ecial  poison. 

What  we  know  about  the  causal  conditions  of  internal  diseases  is  not  for 
the  most  part  about  causes  in  the  strict  logical  sense  of  the  word,  about 
cauair  syjfi'-i-  ntix,  which  of  themselves  must  under  all  conditions  produce  a 
definite  effect,  but  is  about  complex  conditions,  under  whose  influence,  with 
more  or  less  frequency,  certain  diseases  appear.  From  a strictly  scientific 
standpoint  we  must  at  once  reject  a large  part,  of  medical  aetiology,  because 
it.  is  uncertain,  mideiuonstrated,  only  half  true;  but  from  a practical  point 
of  view  it  is  of  the  utmost  importance  to  know  everything  which  may  by 
any  possibility  call  forth  disease — a knowledge  ind:sj>ensable  if  we  would 
avoid  disease. 

From  a rightly  conceived  aetiology  flows  in  a natural  way  the  Prophy- 
laxis of  disease.  There  nre  connected  with  aetiology  two  doctrines  bearing 
close  relations  to  one  another;  Hygiene,  which  teaches  how  to  preserve 
health,  and  Therapeutics,  which  teaches  how  the  diseased  organism  or  the 
diseased  organ  may  be  restored  to  the  normal  state. 

Every  agency  of  nature,  and  every  activity  within  the  body  itself,  is  a 
cause  of  disease  the  moment  it  possesses  or  acquires  the  power  of  disturbing 
the  normal  current  of  life.  Consequently,  the  number  of  causes  of  disease 
is  unlimited;  and  we  can  only  bring  to  our  cognizance  the  most  important 
and  most  common  ones.  The  same  influences  and  irritations  which  are 
necessary  to  keep  the  organism  in  its  normal  condition,  may  conduce  to 
morbid  states  by  their  extreme  force.  The  conception  of  pemiciousness  is 
therefore  quite  as  relative  as  that  of  disease. 

A number  of  the  pernicious  influences  which  atfect  the  organism  operate 
only  in  a preparatory  way,  as  eaneir.  remoter,  predisposing  causes;  that  is 
to  say,  they  themselves  cause  only  small  deviations  from  the  normal  state, 
which,  however,  the  cause  continuing  to  act,  maintain  a disposition  to  further 
disease — the  basis  of  disease,  or  dixjioirilio  ud  morbum. 
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This  predisposition  is  not  a mere  pathological  notion,  as  there  is  also  a 
physiological  predisposition. 

That  there  are  numerous  individual  differences  with  regard  to  the  inlluence  of 
various  causes  of  disease,  is  very  certainly  established,  for  we  not  rarely  see  a number  of 
men  exposed  to  the  action  of  similar  morbid  influences,  exhibiting  disease  in  varying 
form  and  intensity,  or  even  having  different  diseases.  This  is  most  striking  in"  the 
case  ot  poisons,  particularly  mineral  poisons;  many  men  become  sick  after  only  a few 
months’  exposure  to  lead,  while  others  may  be  exposed  for  many  years  without  suf- 
fering. The  same  seems  true  of  scarlatina,  syphilis,  and  malaria. 

That  caution  should  be  used  in  stating  this  of  the  above-named  diseases,  is  shown 
by  the  fact  that  it  was  formerly  claimed  that  some  individuals  enjoyed  immunity 
from  tape-worm. 

The  predisposition  to  disease  is  a general  one  to  which  all  organisms  with- 
out exception  are  subject  (for  example,  any  human  being  may  be  crushed  by 
a falling  rock,  or  poisoned  in  an  atmosphere  of  carburetted  hydrogen) ; and 
it  is  also  a special  condition  (for  example,  many  men  never  get  a miasmatic  or 
contagious  disease;  nursing  children  are  seldom  the  subjects  of  contagious 
diseases). 

There  is,  furthermore,  a certain  degree  of  susceptibility  to  the  various 
influences  and  irritants  which  act  more  or  less  continuously  upon  the  organism. 
This  susceptibility  varies  much  in  different  individuals,  and  under  different 
conditions.  A too  great  degree  of  susceptibility  is  called  erethism  ; a too 
small  degree,  torpidity ; two  conceptions  which  cannot  be  further  defined, 
which  are  obscure,  and  yet  are  indispensable  for  the  necessities  of  practice. 

Predisposition  to  disease  passes  into  disease  proper  by  insensible  grada- 
tions; such  conditions  are  called  sickliness,  weakness,  susceptibility, 
irritability.  This  heightened  predisposition  is  often  a more  serious  thing 
than  true  disease ; the  subjective  state  being  often  much  better  after  a 
threatened  disease  than  before  it.  The  morbid  disposition  may,  further- 
more, subside  without  any  actual  disease  having  developed  from  it.  It  is 
seldom  destroyed  by  the  occurrence  of  a disease ; it  is  more  often  only 
suspended  for  a while  ; sometimes  it  is  lengthened.  This  predisposition 
evidences  itself  chiefly  in  particular  organs  and  systems,  as  for  example,  in 
the  skin,  the  intestinal  mucous  membrane,  the  respiratory  organs,  etc. 
These  parts,  having  a striking  liability  to  disease,  are  called  parte*  minoris 
resistentice.  The  organs  predisposed  to  disease  in  general,  or  to  special 
diseases,  show  either  no  abnormality,  or  an  anatomical  or  histological 
alteration. 

Whether  there  have  been  predispositions  or  not,  the  system  is  usually 
assailed,  before  the  beginning  of  a severe  disease,  by  another  external  influ- 
ence, which  is  known  as  the  proximate,  occasional,  or  exciting  cause,  causa 
proximo.  This  consists  either  in  a single  morbific  influence  (wounds, 
shocks,  poison),  or  in  a complex  group  of  influences  (as,  for  instance, 
“taking  cold  ”).  It  further  happens  that  many  diseases  appear  only  after 
the  cause  has  been  acting  several  days ; and  that  probably  in  the  majority 
of  affections  causal  influences  are  at  work  which  escape  our  observation. 
All  these  reasons  dispose  us,  like  laymen,  to  connect  an  illness  with  any 
coincident  occurrence,  without  our  being  able  exactly  to  determine  the  rela- 
tion between  the  two. 

What  relation  exists  between  predisposing  and  exciting  causes  is  wholly 
unknown.  In  general  terms  they  stand  111  an  inverse  relation  ; that  is 
to  say,  the  stronger  the  predisposition,  the  slighter  the  exciting  cause 
needed  to  develop  a disease,  and  vice  versa. 

If  the  predisposition  be  so  strongly  marked  that  disease  is  produced  by 
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the  operation  of  exciting  causes  which  are  of  a strictly  physiological 
character,  we  have  to  do  with  individual  susceptibility  or  idiosyncrasy'. 
To  this  class  belong  the.  instances  of  urticaria  developed  after  smelling  of 
or  eating  strawberries,  after  eating  lobsters,  etc.,  of  headache  produced  by 
tobacco-smoke,  of  sneezing  from  the  inhalation  of  a small  quantity  of 
ipecacuanha,  etc.  ; probably  also  the  production  of  hay-asthma  (catarrh  ns 
a-stiens)  during  the  haymaking  season. 

The  predisposition  to  disease  is  often  wrongly  appreciated.  It  is  either  confounded 
with  an  early  stage  of  the  disease  itself  (as  in  the  falsely  so-called  phthisical  and 
apoplectic  habit),  or.  what  is  more  frequent,  with  the  exciting  causes  of  disease  (as 
in  the  matter  of  the  greater  frequency  of  fractures  and  of  pneumonia  in  men). 

Whether  there  he  any  of  the  so-called  cumulative  effect  in  the  causes  of 
disease — that  is  to  say,  whether  the  frequent  or  long-continued  action  of 
one  cause  will  ultimately  produce  a more  extensive  or  more  intense 
affection,  cannot  be  determined  at  present. 

That  there  is  such  a thing  as  resistance,  or  becoming  habituated  to 
morbid  causes,  is  not  to  be  doubted.  This  is  most  certain  about  certain 
poisons,  as  is  shown  in  the  ease  of  the  arsenic-eaters  of  Steyennark,  of 
alcohol-drinkers,  opium-eaters,  workmen  in  lead,  smokers  and  snuffers  of 
tobacco.  The  same  is  probably  true  of  many  contagious  poisons  and 
miasmata.  Among  all  other  causes  of  disease,  this  is  most  strikingly 
exemplified  by  the  habit  of  enduring  great  variations  of  temperature. 

We  cannot  now  give  any  explanation  of  this  resistance  power.  It  is  partly  com- 
parable to  the  immunity  of  oertain  animals  to  the  action  of  certain  poisons,  which 
are  more  frequently  vegetable  and  animal  than  mineral.  We  can  imagine  that  either 
the  morbid  cause  is  made  harmless  immediately  at  the  spot  where  it  is  received,  or 
that  after  its  entrance  into  the  blood  it  is  quickly  separated  by  secreting  organa  (liver, 
kidneys). 

Causes  of  disease  in  general  are  either  internal  or  external ; in  other 
words,  they  are  such  as  lie  in  the  individual,  or  such  as  reach  him  from 
without. 


I.  INTERNAL  CAUSES. 

1.  INHERITANCE. 

Louis.  Stir  lee  maladies hereditairee,  1748.  Rougemont,  Ahh,  fiber  d.  rrbt.  Krank- 
Jin'Un,  Uebrrutz.  ton  YYkoki.kr,  1794.  PiORKY,  De  VUiredUi  dun*  U*  maladies, 
1849.  Lucas,  Trail e de  Chiriditi  naturdlc , 1847.  Mohri.,  lk*  diginereectnee*  de 
respike  h'lmaine,  1857. 

Children  often  exhibit  defects  or  diseases  which  one  or  both  of  their 
parents  had  before  them.  This  fact  becomes  comprehensible  when  we  re- 
flect upon  what  takes  place  in  the  lower  animals.  In  such  of  the  lower 
animals  as  multiply  by  transverse  or  longitudinal  segmentation,  each  indivi- 
dual of  the  new  generation  is  literally  a half  of  an  individual  of  the  preced- 
ing generation.  Each  half  must  of  necessity  equally  share  the  anomalies  of 
form  and  composition  existing  in  the  whole  individual.  And  in  those 
animals,  a part  of  which  after  separation  from  the  parentis  developed  into  a 
complete  animal  by  tins  formation  of  new  organs,  it  is  still  conceivable 
enough  that  abnormalities  of  the  original  creature  should  descend  to  the 
scion.  .Now  it  must  be  remembered  that  ova  and  semen  in  the  higher  ani- 
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nmls  are  nothing  else  than  parts  separated  from  the  paternal  and  maternal 
bodies,  both  contributing  to  the  development  of  the  new  being.  The  fact 
ot  inheritance  from  the  father  is  made  even  clearer  by  new  observation, 
showing  that  spermatozoa  are  not  merely  brought  into  close  contact  with  the 
egg.  but  penetrate  it  through  the  micropyle.  These  considerations  show 
that  the  actions  of  modifying  activities  may  extend  to  the  descendants,  and 
must  do  so  ; but  they  do  not  explain  why  a certain  disease  of  the  generator 
is  reproduced  in  the  young. 

The  influence  of  sexual  relations  with  an  individual  will  exert  an  influence 
upon  the  maternal  organism  which  occasionally  lasts  beyond  the  confinement.  There 
are.  for  example,  eases  on  record  of  negresses,  who,  after  having  had  children  by 
white  men,  have  born  raulattoes  in  wedlock  with  negroes;  as  well  as  of  children 
descended  of  white  parents,  and  hearing  traces  of  colored  blood,  their  mothers  having 
previously  had  mulattoes  by  negroes.  In  the  domestic  animals  we  meet  with  much 
more  numerous  and  more  striking  instances  of  the  same  kind.  For  example,  a 
slut  of  pure  race  impregnated  by  a bastard  dog  does  not  bring  forth  bastard  young 
on  that  one  occasion,  but  is  not  for  a long  time  capable  of  producing,  with  a pure- 
blooded  male,  a truly  pure-blooded  progeny ; her  young  are  always  a little  imperfect. 

We  must  always  recognize  various  conditions  in  inherited  and  congenital 
diseases  ; such  as  the  influences  derived  from  the  father  and  mother,  which 
existed  before  the  act  of  procreation  (true  inherited  orconceptional  diseases) ; 
as  the  influences  depending  upon  the  condition  of  the  parents  during 
generation;  further,  what  may  have  been  experienced  by  the  foetus  in  utero 
(intra-uterine  diseases);  and  lastly,  what  mav  have  been  impressed  upon  the 
individual  by  the  family  life,  in  part  by  the  dwelling,  etc.,  in  part  by  similar 
habits,  by  similar  education,  etc. 

1.  The  condition  of  the  parents  before  generation  is  of  great  importance  for 
the  offspring.  In  order  the  better  to  realize  the  possibility  of  inheritance 
of  disease,  we  should  consider  the  transmitted  similarities  in  physiognomy, 
color  of  the  iris,  intellectual  capacity,  which  are  apparent  either  very  soon 
after  birth,  or  later.  Just  as  in  one  family  an  aquiline  nose,  and  in  another 
a pug  nose  returns,  so  there  is  inheritance  of  many  malformations,  as  super- 
numerary fingers,  hare-lips,  cleft-palate,  peculiar  forms  of  ear  muscles,  pliymo- 
sis,  hvpospadias.  Even  warts  and  mother-marks  (pigment  stains)  occasionally 
re-appear  in  the  same  spot  in  children  of  those  having  them.  Among  true 
diseases,  not  only  are  the  so-called  constitutional  diseases,  as  tuberculosis, 
syphilis,  gout,  lepra,  diabetes  mellitus,  the  haemorrhagic  disposition,  or 
polysareia,  inherited,  but  also  mental  disorders,  epilepsy,  hypochondria, 
hysteria,  and  cretinism.  Ichthyosis  and  the  haemorrhagic  disposition,  together 
with  many  malformations,  such  as  hypospadias,  show  the  peculiarity  of  re- 
appearing only  in  the  male  descendants  : so  that  the  daughters,  themselves 
free  from  the  diseases,  transmit  them  from  grandfather  to  grandson,  to  their 
own  sons.  Cataract  is  especially  transmissible  in  the  female  line,  tuber- 
culosis, gout,  polysareia,  etc.,  nearly  always  appear  in  the  children  for  the 
first  time  at  the  age  when  these  diseases  are  most  common:  for  example, 
the  children  of  phthisical  parents  remain  often  perfectly  well  till  their  twen- 
tieth or  twenty-fifth  year,  when  they  break  down  rapidly,  and  are,  as  a rule, 
more  severely  affected  than  are  those  who  acquire  tuberculosis ; certainly 
many  die  in  the  first  year  with  pulmonary  or  meningeal  tuberculosis.  It  not 
seldom  happens  that  at  the  time  of  procreation  both  parents  appear  healthy, 
though  one  of  them,  issue  of  a tuberculous  family,  already  carries  the  germ  of 
the  disease,  to  use  a figurative  expression ; the  children  may  become  tubercu- 
lous. Further,  the  inheritance  is  not  always  of  the  very  same  lesions.  If 
the  parents  have  become  the  subjects  of  secondary  syphilis,  their  children 
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often  die  in  the  womb,  and  the  betas  is  ejected  before  the  end  of  pregnancy  as 
a putrefying  body  ; or  the  children  die  in  the  first  few  weeks  of  life,  of  simpls 
wasting;  or  they  live,  and  later  become  scrofulous ; or,  lastly,  they  in  their 
turn  become  syphilitic.  Drunkenness  in  the  father  not  rarely  causes  men- 
tal disease  in  his  descendants.  It  is  a matter  of  common  experience,  that  in 
families  in  which  insanity  is  hereditary  we  meet  with  examples  of  the 
greatest  intelligence,  and  with  epileptics  and  imbeciles.  It  is  still  more 
remarkable  how  often  two  perfectly  healthy  parents  will  have  healthy 
children  with  malformations  and  defects. 

In  the  well-established  instance  of  K irs'  ( Schriftm  der  Berlin.  Nat’irf.,  1870,  Bd.  T., 
p 867),  two  healthy  parents,  derived  of  healthy  families,  gave  issue  to  five  children. 
The  oldest  eon,  aged  2 1 years,  was  3 ft.  2 in.  high,  with  very  small  generative  organs, 
without  sexual  appetite,  was  the  subject  of  cataleptic  attacks  ; the  second  child,  a 
son,  21  years  old.  large,  like  the  former  in  respect  to  sexual  development,  was  simple- 
minded  and  mischievous  ; the  third  child,  a girl  16  years  old,  8 feet  high,  an  imbecile; 
the  fourth,  a girl  aged  10  years,  and  the  fifth,  a boy  of  7 years,  both  imbeciles. 
There  are  many  such  examples  on  record. 

Women  affected  with  secondary  syphilis  bring  forth  syphilitic  children.  Contrarily, 
those  having  tertiary  syphilis  bear  for  the  most  part  healthy  children,  even  when  the 
disease  is  very  severe.  Attempt*  to  inoculate  tertiary  syphilis  fail. 

As  offsets  to  such  sad  reRults  there  are  u few  considerations.  Inasmuch 
as  male  and  female  fluids  combine  for  the  formation  of  the  germ,  the  embryo 
may  be  constructed  in  its  various  parts  after  the  fashion  of  one  or  the  other 
parent;  in  so  much  as  it  takes  after  the  father,  it  is  less  like  the  mother, 
and  I'ice  verm  ; so  that  by  a preponderance  from  one  side  the  influence  of 
the  other  may  la?  counteracted.  The  mingling  of  stock  is  a means  of  pre- 
venting the  degeneration  of  succeeding  generat  ions  ; while  it  is  well  known 
that  the  intermarriage  of  relatives  tends  to  develop  family  traits  and  dis- 
eases to  an  extreme  degree.  It  is  especially  known  in  the  case  of  cretinism 
and  idiocy  that  the  marriage  of  related  persons  favors  their  appearance, 
while  it  is  prevented  by  marriage  among  persons  of  different  races  and 
countries.  The  same  is  true  in  a lesser  degree  of  deaf-mutism.  Other 
remarkable  facts  are  the  frequency  of  sterility  in  related  couples,  and  the 
uncommon  mortality  of  children  of  such  parents.  And  yet  we  meet  with 
remarkable  exceptions  to  these  rules. 

The  intermarriage  of  relatives  is  followed  by  sterility  and  abortion  on  the  one 
band,  and  disease*  (weakness  and  malformations  of  ail  kinds)  in  the  descendants  on 


the  other.  A committee, 
following  table  in  1859: 

presided  over  by  Dr. 

Morris,* 

of  New  York,  published  the 

FamiUu*. 

Xnmltrr  «»f 
Children. 

1 Perfect 
Children. 

DfflWtIOQB 

Children. 

IVrorot- 

Third  cousins 

71 

42 

29 

40.8 

Second  cousins 

626 

860 

200 

42.5 

First  cousins  . 

2.891 

955 

1,936 

66.0 

l ou*m8  offspring  of  cousins (J1 

Uncle  and  aunt,  with  niece  and 

187 

04 

123 

05.7 

nephew 

53 

10 

43 

81.0 

Double  cousins 

154 

21 

133 

80. 

Incestuous 

31 

1 

30 

90.7 

According  to  Voisin,  the  mental  and  bodily  health  of  the  3.300  inhabitants  of  Llatz 
(Loire  inforieure)  is  uncommonly  go<xl,  although  owing  to  its  location  on  a strip  of 


Nil's  table  is  by  Dr.  Be  miss,  of  Kentucky,  for  the  whole  United  States,  and  was 
quoted  by  Prof.  A.  W.  Morris.  Morris’  paper  is  in  Trans,  of  the  New  York  State 
Medical  Society,  1867,  p.  351.— Ed. 
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land  almost  as  isolated  as  an  island  it  is  the  scene  of  frequent  intermarriages.  Alai 
formations,  mental  diseases,  idiocy,  deaf  mutism,  epilepsy,  etc.,  are  wholly  absent, 
as  well  ns  sterility  and  a tendency  to  abortion.  Voisin  denies  the  evil  influence  of 
marriage  between  relatives,  if  the  participants  enjoy  good  health  and  have  a strong 
constitution. 

With  the  question  of  the  influence  of  the  parental  condition  upon  the  health,  etc  , 
of  children,  there  is  closely  allied  a number  of  questions,  whose  solution  is  of  the 
greatest  practical  importance.  Which  sex  has  the  greater  influence  in  generation  ? 
To  what  circumstances  is  it  owing  that  sometimes  the  father,  at  other  times  the 
mother  exerts  a prevailing  influence  ? Are  the  dispositions  of  the  father  and  mother 
more  readily  transmitted  to  the  sons  or  daughters  ? Are  the  peculiarities  in  certain 
organs  and  systems  in  the  latter  developed  more  especially  under  paternal  or  maternal 
influence  ? These  and  similar  questions  can  receive  only  a partial  solution  at  pres- 
ent. We  need  upon  these  points  observations,  and  experiments  upon  animals.  In 
the  breeding  of  cattle  it  lias  been  universally  recognized  that  the  offspring  especially 
resemble  the  father.  In  the  human  species,  it  is  believed  that  the  mother’s  influence 
prevails. 

Furthermore,  it  is  desirable  to  determine  the  actual  frequency  of  inherited  diseases, 
not  their  necessity.  We  frequently  see  dwarfish  animals  or  deformed  human  beings 
giving  issue  to  perfectly  normal  offspring.  In  the  case  of  certain  special  diseases, 
tuberculosis  and  syphilis,  it  is  on  the  whole  but  seldom  that  the  children  of  diseased 
parents  remain  well.  It  must  be  remembered  that  the  embryo  has  only  the  tendency 
to  disease,  and  that  through  favorable  influences  its  development  may  become 
normal. 

2.  Too  much  importance  has  been  attached  to  the  influence  of  the  accidental 
condition  of  the  parents  during  procreation.  Croat  stress  lias  been  laid 
upon  the  moral  disposition  of  aversion  or  indifference,  of  intoxication  during 
the  sexual  act.  It  should  be  remembered  that  at  the  time  of  copulation  the 
semen  and  ovum  have  been  for  some  time  fully  developed,  and  only  undergo 
transportation  at  that  time.  That  debility,  age,  habitual  drinking,  etc., 
should  enfeeble  the  germ  is  evident ; tin*  state  of  the  parties  during  coition 
can  have  influence  upon  fertility  only  by  helping  or  preventing  the  contact 
of  semen  and  ovum. 

3.  During  intra-uterine  life  a number  of  so-called  inherited  imperfections 
and  diseases  arise,  caused  in  part  by  infection  of  the  f uitus  by  the  mother, 
and  in  part  by  independent  fetal  diseases.  The  latter  may  be  designated 
congenital  diseases  in  contradistinction  to  inherited  diseases. 

It  being  assumed  that  the  father  has  been  healthy,  the  child  can  only  be 
infected  during  this  period  by  the  mother.  During  pregnancy  everything 
that  is  transportable  in  the  mother’s  blood  may  be  carried  to  the  foetus.  In 
this  way  the  mother’s  amende  state  may  harm  the  child  ; syphilis  and  small- 
pox, seldom  scarlet  fever,  measles,  dysentery,  typhoid  fever,  intermittent 
fever,  puerperal  fever,  even  tuberculosis  and  cancer,  may  be  communi- 
cated to  the  foetus.  The  foetus  may  experience  several  affections,  small-pox, 
for  example,  without  the  mother’s  participation.  It  is  different  with  tiie 
mental  state  of  the  mother  during  pregnancy;  it  is  doubtful  if  mental 
depression,  insanity,  etc.,  can  affect  the  already  formed  embryo  through 
the  blood. 


In  this  category  belong  the  so-called  impressions  of  pregnant  women,  whose  possi- 
bility cannot  be  completely  denied  on  a priori  grounds.  Yet  many  of  the  cases  cited 
in  support  of  this  causal  influence  are  foetal  diseases.  (W.  A.  Hammond.  Influence 
of  Maternal  Mind  over  the  Offspring  during  Pregnancy  and  Lactation.  Journal  of 
Psychological  Medicine,  1808,  p.  1.) 

A great  number  of  malformations,  particularly  those  through  arrest  of 
development,  are  referable  to  foetal  diseases.  The  einhrvo  has  his  vascular 
sy  tern,  his  own  nutrition,  just  like  an  adult,  and  consequently  thcie  may 
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occur  in  him,  just  as  in  the  adult,  blocking  up  of  a given  vascular  region, 
effusions  of  blood,  exudations,  atrophies,  hypertrophies,  etc.  For  example, 
it  has  been  demonstrated  bv  complete  series  of  preparations,  that  the  encir- 
cling of  an  extremity  of  fingers  by  turns  of  the  umbilical  cord,  or  by  thread- 
like false-membraues,  may  eventuate  in  true  spontaneous  amputation. 
Furthermore,  we  meet  with  cicatrices,  closures,  atrophy,  dropsy,  etc.,  in  the 
embryo,  in  parts  which,  in  the  born  child,  cannot  undergo  the  same  pro- 
cesses, because  death  would  precede  them.  This  holds  good  of  many  mal- 
formations of  the  brain  and  medulla  oblongata,  of  closures  (atresia*)  of  the 
mouth,  throat,  intestinal  canal,  etc.,  of  many  pulmonary  (syphilomata)  and 
renal  diseases.  Coutrarily,  we  occasionally  observe  in  the  foetus,  its  well  as 
in  the  grown  individual,  slight  lesions,  causing  great  disturbances,  especially 
if  they  involve  undevelojied  organs.  For  “ if  the  needed  size  and  regular 
quality  of  the  embryo-organ  be  wanting,  the  resulting  adult-organ  becomes 
shrunken  or  defective.”  Malformations  arising  in  this  wuy  are  either 
simple  defects,  or  they  are  instances  of  arrested  developments.  In  either 
ease,  the  part  is  very  imperfectly  or  not  at  all  developed.  Growth  proceeds 
only  to  a certain  point.  Usually  it  is  impossible  to  make  out  a special 
cause  for  the  greater  number  of  such  malformations.  It  is  only  rarely  that 
it  is  satisfactorily  shown  that  mechanical  agencies  (blows,  ete.)  have  acted 
upon  the  foetus.  Malformations  have  been  produced  experimentally  by 
wounding  the  ovum.  This  shows  that  only  a part  of  malformations  are 
explicable  by  foetal  disease. 

4.  Seeming  transmissions  are  sometimes  classed  with  inheritances,  as,  for 
example,  many  habits  of  walking,  of  movements  in  general,  of  handwriting; 
and  also  abnormalities  which  children  acquire  in  later  years  from  associa- 
tion with  the  parents,  by  the  force  of  imitation,  such  as  certain  eccentric 
mental  traits,  hysteria,  etc, 

5.  Lastly,  children  become  sick  in  the  same  manner  as  their  parents, 
because  they  are  surrounded  by  similar  external  influences,  such  as  similar 
dwellings,  similar  food,  similar  sources  of  infection. 
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See  Qpetelet,  Wapp.eus.  Zbisino.  Also  special  treatises  upon  the  diseases  of 
newly  bom,  nursing,  ami  older  children,  by  Vallkix,  1888;  Mauksell  and 
Evanhon,  |s:m;  Rm.i.ikt  KT  Baktiikk,  8d  ed.  1861  ; Rees,  1844;  BOfCHUT.  1*45 
ami  1882 ; Legendre,  1840;  Bednak,  1850,  1k.11  ; Gkiuiardt,  1861  and  1871; 
Henning.  1855  ami  1*814 ; West,  1857;  A.  Vookl,  3d  ed.,  1887  ; Steffen,  1855- 
1809;  Steiner.  1872.  Schueijkr,  Die  Kir)? nth.  d.  kind l.  Orgaiwnmu.  1852. 
Works  on  dis>  ases  of  old  age,  by  Canbtatt,  1839;  Di  ll AND-F aiidel,  1858;  Geist, 
1800  ; .Mettemieimeh,  1803;  Charcot,  1808. 

The  periods  of  life,  or  ages,  are : 1.  The  nursing  age,  from  birth  to  the 
irruption  oi  first  teeth  (7th  to  10th  month);  2.  Childhood,  from  the  first 
teething  to  the  second  dentition;  3.  Boyhood,  or  girlhood,  from  the 
second  dentition  to  puberty  (14th  to  15th  year);  4.  Adolescence,  from 
puberty  to  the  complete  development  of  the  body  (21st  to  25th  years);  5. 
Kmu.y  manhood,  from  the  25th  to  the  45th  year;  ii.  Later  manhood, 
tr>>m  the  15th  to  the  60th  year;  7.  Old  age,  from  the  60th  or  65th  year 
onward. 


According  to  W app.kus,  in  10,000  individuals  the  ages  are  divided  as  follows  : 


0 to  5th  year.  1 . 1 20. 

5th  to  10th  “ 1,060. 

10th  to  15th  “ 983. 

15th  to  20th  “ 941. 


20th  to  25th  year,  887. 
25th  to  :«Hh’  “ 808. 

30th  to  40th  “ 1.373. 
40th  to  50th  “ 1.107. 


50th  to  60th  year. 


fiOth  to  70th 
70th  to  80t  h 
80th  to  IH>th 
Over  90th 


810. 

548. 

250. 

58. 

5. 


44 

44 
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With  respect  to  age,  there  are  to  be  considered  : 1.  The  probability  of 
becoming  sick;  2.  The  mortality  at  different  ages ; and  3.  The  predisposi- 
tion to  certain  special  morbid  states. 

1.  Morbility,  that  is  to  say,  the  probability  of  becoming  sick,  is  very 
great  in  the  first  week  of  life,  greatest  in  comparison  to  that  in  other 
periods  of  life;  it  diminishes  after  the  sixth  week,  though  remaining  great 
until  the  end  of  the  first  year.  After  that  age  it  progressively  diminishes 
until  the  seventh  or  eighth  year.  From  the  eighth  to  the  eighteenth  year 
disease  is  once  more  more  frequent ; it  again  gets  rarer  with  the  complete 
development  of  the  individual,  reaching  a second  minimum  between  the 
twenty-fourth  and  thirtieth  years.  From  that  age  to  the  end  of  life  the 
liability  to  disease  goes  on  increasing. 

The  statistics  upon  this  point  are  liable  to  several  objections.  In  statistics  there 
should  be  a similarity  of  conditions,  a similar  mode  of  life,  and  similar  occupations. 
Or,  at  least  it  is  necessary  to  be  acquainted  with  all  the  diseases  of  a given  territory. 
Usually,  however,  the  maladies  found  in  hospital  patients  are  studied  in  connection 
with  numbers  of  the  population ; a fact  which  explains  numerous  inaccuracies. 
According  to  Villerme  f.l/m.  d'/ii/f/iene , II.,  p.  217),  a male  of  the  working  class, 
aged  20-30  years,  is  sick  on  the  average  4 days  in  the  year  ; one  of  85  years,  4|-  days  ; 
one  of  40  years,  5 If  days ; one  of  45  years,  7 days  ; one  of  50  years,  0.)  days ; one  of  55 
years,  12  days  ; one  of  00  years,  10  days;  one  of  05  years,  31  days;  one  of  07  years, 
42  days  ; one  of  70  years,  75  days.  Fengku  (Quid  faciunt  wlas  anniqne  t<  input  ail 
freq.  et  diutnrn.  morb.  horn.  udulti.  Hnvn.,  1840)  states  the  same  proportion  for 
the  period  from  the  20th  to  the  30th  year,  though  he  does  not  find  that  morbility  and 
the  duration  of  sickness  are  greater  in  the  succeeding  years — they  only  begin  to  rise 
in  old  age.  Fence  a based  his  conclusions  upon  observations  made  upon  the  marine 
workmen  (FlotUahandwerken)  of  Copenhagen,  a corps  having  a military  organiza- 
tion; he  takes  into  account  the  subjects  of  syphilis  and  wounds ; and  wounds  are 
especially  liable  to  occur  iu  the  most  robust. 

* 

2.  Mortality  does  not  bear  any  exact  proportion  to  the  frequency  of 
disease  ; since  it  depends  mainly  upon  the  degree  of  danger  attending  each 
disease,  and  this  again  differs  at  various  ages.  ’1  lie  mortality-records  of  dif- 
ferent localities  and  states  differ  even  when  the  disturbing  influence  of  epi- 
demics is  eliminated.  The  estimation  of  the  average  duration  of  life,  or  of 
probable  survival  at  every  age  is  of  general  and  practical  importance  for 
societies,  widows’  pension  associations  [ Wdtwenkassen],  life  insurance 
policy,  and  for  the  State. 

The  average  duration  of  life,  calculated  from  mortality-tables  (the  number  of  years 
which  all  the  dead  have  attained  is  added  up,  and  the  sum  divided  by  the  number 
of  the  dead)  is  as  follows  iu  different  countries  (the  still -births  being  excluded). 

Austria 28.11)  yrs.  Saxony 31.10  yrs.  England 30.02  yrs. 

Sardinia 30.80  “ Bavaria 82  61  “ France 40.36  “ 

Prussia 31.10  “ Netherlands.  34.72  “ Norway 43.64  “ 

United  States,  24.1  “ 

The  number  of  still-births  amounts  to  4 per  cent.  The  causes  of  still-births  con- 
sist in  foetal  diseases,  as  well  as  in  diseases  and  unfavorable  conditions  of  the 
mother  before  and  during  confinement. 

Tables  of  mortality  are  almost  perfectly  in  accord  upon  the  following 
points,  viz.,  that  mortality  is  disproportionately  great  in  the  first  month  of 
life,  that  it  decreases  from  the  second  month  to  the  end  of  the  first  year; 
and  that  from  the  second  year  it  diminishes  rapidly,  reaching  a minimum 
between  the  eighth  and  twentieth  years.  The  death-rate  is  small  between 
the  twentieth  and  the  forty-fifth  years;  it  is  more  especially  so  between  the 
ages  of  twenty-seven  and  forty  than  immediately  before  or  after.  After 
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forty-five  the  mortality  increases,  though  slowly.  At  the  fifty-fifth  year  it 
again  reaches  the  proportion  it  has  at  five  years ; at  the  seventieth  year 
that  it  has  at  three  years;  at  the  eightieth  year  that  of  the  sixth  month; 
from  the  ninetieth  to  the  ninety-fifth  year  it  amounts  to  the  rate  at  the 
second  month,  and  at  the  one  hundredth  year  it  surpasses  the  rate  during 
the  first  month. 

Mortality- tables  (so-called  life-tables)  are  tables  which  .indicate  the  death-rate  of 
a population  or  generation  ; that  is  to  say,  mark  the  order  in  which  a certain  number 
of  persons  born  simultaneously,  or  of  persons  of  a given  age,  die  from  year  to  year. 
They  equally  Hhow  the  probability  of  death,  the  order  of  dying,  and  the  probability 
of  survival  (probable  duration  of  life)  for  each  year  of  life.  For  example,  the  fol- 
lowing table  of  mortality  for  Belgium,  by  QUETSLET. 


Age. 

Population:  Number 
I.iving. 

Deaths  in  10,000. 

Probable  Duration 
of  Lite  (rears). 

Probability  of  Death. 

0 

10,000 

1,503 

41 .50 

0.1503 

1 

8,407 

015 

50.58 

0.0724 

2 

7.882 

299 

53.28 

0.05179 

3 

7,583 

ISM) 

53.80 

0.0258 

4 

7,387 

134 

53. 75 

0.0181 

5 

7,253 

98 

53.39 

0.01515 

10 

0.880 

54 

50.10 

0.0078 

20 

0.350 

01 

42.37 

0.0096 

30 

5,730 

01 

554.78 

0 0106 

40 

5,109 

<59 

27.10 

0.01515 

50 

4.401 

80 

19.78 

0.0182 

00 

3,454 

114 

12.851 

0.0380 

70 

2.101 

119 

7.27 

0.0690 

80 

750 

103 

4.10 

0.15)73 

90 

02 

23 

2 20 

0.2500 

100 

1.0 

1.6 

0.50 

1.0000 

Compare,  Casper,  Die  icahrarh.  J*l>en*tlauer,  1835;  Toiu.eii,  Utber  <1  Hewcgung 
(W  Rrotkerung,  1858;  Qri tki.kt-Kikckk,  VtAer  4.  MtmcJtm.  1838;  Ci.kss, 
Mol.  Stnti.it.  dm  (kit/iar. -Hospitals ; SzoK.vi.HKf,  Are/t.  f.  jdtys.  lltilkunde,  VI.  : 
O K 8T ERLE X,  loco  cit. 

3.  As  regards  Predisposition  to  individual  diseases,  each  age  is  liable  to 
certain  diseases,  and  these  diseases  run  a different  course  in  various  periods 
of  life.  This  is  to  a great  extent  explicable  by  certain  anatomical  and 
physiological  peculiarities  of  organs. 

Ihe  diseases  ol  the  foetus  have  already  been  treated  of  (p.  42).  Those 
affections  which  cause  premature  expulsion  of  the  foetus,  so-called  abortion 
or  premature  labor,  cannot  be  considered  in  this  place. 

Compare  HegaK,  Mori.-Schr.  f.  GeburUk.,  1803,  XXI. 

During  labor  the  child  is  exposed  to  pressure  uj>ou  the  head,  belly,  um- 
bilical cord,  and  the  extremities.  Pressure  upon  the  head  may  produce 
extravasations  of  blood  upon  and  within  the  skull  ; that  upon  the  umbilical 
cord  sometimes  produces  death  by  asphyxia;  that  upon  the  extremities  frac- 
tures. Kven  without  marked  compression,  the  prolonged  stay  of  the  child 
m the  genital  passage  becomes  dangerous,  and  determines  haemorrhage  in 
the  brain,  asphyxia,  debility,  and  death.  In  general  the  need  of  breath 
(besom  c/e  respire r)  is  small  immediately  after  birth,  and  this  explains  the 
often  much-prolonged  apparent  death.  Occasionally  a too  rapid  delivery 
may  prove  injurious  to  the  child,  because  it  does  not  in  that  case  feel  much 
need  of  air,  and  breathes  feebly.  Inoculation  with  gonorrlneal  virus  while 
the  child  is  traversing  the  genital  passage  (gonorrhe  al  ophthalmia  of  the 
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new-born)  is  not  rare;  syphilis,  in  spite  of  the  vernix  caseosa , is  possible,  if 
there  be  a wound  in  the  skin,  but  very  rare. 

In  the  course  of  the  first  few  days  after  birth,  but  moro  especially  until 
the  third  and  fourth  days,  all  children  lose  weight,  and  regain  their  original 
weight  oidy  on  the  seventh  day.  The  proportional  amount  of  blood  is 
smaller  in  the  newly  born  than  in  the  adult,  being  one-thirteenth  of  the 
hot  iy-weight  in  the  latter,  one-nineteenth  in  the  former.  The  blood  has  a 
high  specific  gravity,  contains  an  abundance  of  solid  ingredients,  especially 
blood-corpuscles,  and  only  little  fibrin.  The  mean  pulse-rate  during  the  first 
week  of  life  is  130  per  minute;  the  blood-pressure  is  less,  and  the  duration 
of  a blood-circuit  shorter  in  the  young  than  in  the  grown  individual. 
New-born  children  inspire  forty-four  times  per  minute.  During  the  first 
hours  of  life  the  temperature  sinks  from  1°  to  1.5°  0.,  rising  in  a few 
hours  to  37.5°  or  thereabouts,  where  it  remains. 

At  this  time  the  danger  of  illness  is  very  great.  A kind  of  revolution 
occurs  in  the  whole  body  of  the  child  ; various  organs  enter  for  the  first 
time  into  action.  Corning  from  the  uniformly  warm  medium  constituted 
by  the  amniotic  fluid  into  the  air,  the  organism  is  made  to  undergo  the 
most  marked  acclimation,  a more  severe  one  than  any  which  he  can  afterward 
experience.  If  there  be  any  alterations  of  the  heart,  of  the  lungs,  or  of  the 
nervous  system,  such  as  interfere  with  the  respiratory  process,  they  become 
evident  for  the  first  time,  and  cause  death  at  once,  or  determine  a rapid 
failure  of  strength  with  symptoms  of  cyanosis,  or  the  so-called  atelectasis 
pulmonum,  or  produce  general  debility.  The  straight  tubuli  uriniferi 
frequently  contain  during  the  first  weeks  of  life  the  so-called  uric  acid 
plugs;  the  result  in  some  cases  of  increased  tissue  metamorphosis;  in 
others  of  interruptions  in  the  supply  of  oxygen  during  labor ; they  are 
never  observed  in  still-born  children. 

The  division  of  the  umbilical  cord  and  the  sloughing  away  of  its  end 
frequently  are  the  occasion  of  local  and  general  disturbances,  umbilical 
haunorrhage,  umbilical  arteritis  and  phlebitis,  pyaemia,  trismus,  tetanus. 
Induration  of  the  skin  and  subcutaneous  connective  tissue  is  a peculiar  and 
severe  disease  of  the  nursing  age.  The  so-called  icterus  neonatorum  is  pro- 
duced by  the  escape  of  blood-pigment  into  the  tissue  of  the  skiu,  which  is 
very  hyperasmic  after  birth,  and  lasts  from  the  middle  of  the  first  week  to 
the  end  of  the  second.  At  this  age  we  also,  though  very  rarely,  see  jaun- 
dice resulting  from  retention  of  bile,  and  as  a sign  of  pyaemia. 

The  predisposition  to  disease  is  so  strong  during  the  first  year  of  life  that 
one-fourth  of  all  children  born  die  within  that  period.  The  greater  num- 
ber of  deaths  occur  in  the  first  month,  in  the  first  week,  upon  the  first  day 
after  birth.  Mortality  is  greater  in  those  first  born  than  in  children  born 
later;  it  is  greater,  notably  greater,  in  cities  than  in  the  country;  greater 
in  industrial  manufacturing  districts  than  in  agricultural  ones;  greater 
among  the  poor  than  among  those  well-to-do;  greatest  in  foundling  asylums. 
During  general  epidemics  the  death-rate  is  the  greater  in  children,  as  they 
are  attacked  sooner  after  birth.  The  helpless  and  dependent  state  of  nurs- 
lings seems  to  have  a good  deal  to  do  with  this  great  mortality,  and  in  favor 
of  this  is  the  fact  that  illegitimate  children  have  a much  greater  death-rate 
than  legitimate  ones. 

On  the  average,  f)  to  10  per  cent,  of  all  children  are  illegitimate  ; the  larger  number 
in  Bavaria  and  Saxony ; the  smaller  in  Sardinia  and  the  Netherlands.  In  urban  and 
industrial  populations  the  proportion  is  greater  than  in  the  agricultural  class 
(14.7:7.0). 

A healthy  child,  male  or  female,  grows  in  length  by  more  than  one-half 
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its  size  during  the  first  two  years  ; it  increases  from  50  cent,  to  about  79  cent. 
It  trebles  or  quadruples  its  weight ; that  is  to  say,  it  weighs  3 to  4 kil.  at 
birth,  10  kil.  in  the  first  year,  12  kil.  in  the  second.  The  following  is  the 
rate  of  monthly  increase  in  the  first  vear,  the  initial  weight  being  3.25 
kil.  : 4.00-4.7-5.3-5.9-0.5-7.00-7.4-7.8-8.2-8.5-8.7-8.9  kil. 

Such  special  determinations  of  weight  increase  have  not  merely  a theoretical  value, 
but  also  a practical  one,  for  by  them  we  can  test  in  a certain  manner  the  usefulness 
of  a given  infant-food  (mothers  milk,  nurse’s  milk,  artihcial  food). 

The  irruption  of  the  teeth  takes  place  in  the  following  usual  order, 
though  deviations  are  not  rarely  observed  : 

From  the  5th  to  the  7th  month,  the  two  lower  middle  incisors. 

From  the  8th  to  the  10th  month,  the  two  upper  middle  incisors,  and  the 
upper  lateral  incisors. 

From  the  12th  to  the  14th  month,  the  first  four  molars,  and  two  lower 
incisors. 

From  the  18th  to  22d  month,  the  four  canine  teeth. 

In  the  3d  year  the  second  molars. 

Children  present  many  peculiarities  in  organization  and  mode  of  reaction 
which  have  an  influence  upon  the  nature  and  extent  of  morbid  processes. 
Most  striking  is  the  liability  to  spasms  (reflex  spasms).  These,  in  milder 
forms,  such  as  rolling  of  the  eji  twitching  of  the  mouth,  jerking  of  single 
limbs,  occur  after  insignificant  provocation  in  uUi»Iiugs,  as  during  micturi- 
tion and  defecation.  In  the  various  affections  accompanied  by  fever, 
also  often  meet  with  spasms.  This  abnormal  excitability  is  attributed  to 
the  softness,  the  humidity,  and  the  rapid  growth  of  the  brain.  This  excit- 
ability, however,  shows  itself  only  in  the  motor  apparatus;  for  sensibility 
is  never  greater  in  the  young  than  in  the  older  person  : every  irritation 
whose  painfulness  may  be  estimated,  as  flea-bites,  itching  eruptions,  inter- 
trigo, are  more  easily  endured  by  the  infant.  Very  voting  children  seem 
to  pisses*  a complete  immunity  to  neuralgia.  Insanity,  with  the  exception 
of  congenital  idiocy,  is  most  rare  in  childhood.  Intermittent  fever  and 
typhoid  fever  do  occur,  but  more  seldom  than  in  per  ms  of  riper  age. 

The  anatomical  peculiarity  that  the  larynx  is  differently  proportioned 
from  that  of  the  adult  is  of  importance.  The  vocal  fissure  is  narrower, 
chink-like,  the  cartilages  are  softer,  and  consequently  the  glottis  is  more 
easily  closed  by  spasm.  The  extreme  want  of  breath  and  danger  of 
asphyxia,  which  in  the  adult  can  be  brought  about  only  by  so-called  oedema 
of  the  glottis,  will  arise  in  children  without  any  trace  of  organic  disease 
(false  croup,  laryngismus  stridulus,  asthma  Millari).  The  danger  attending 
true  croup  is  much  increased  by  the  narrowness  of  the  air-passages  in  young 
children.  In  the  same  way  the  narrow  nasal  passage  of  the  new-born 
should  be  remembered,  for  because  of  this  coryza  becomes  a dangerous 
malady  in  these  subjects,  nursing  is  thereby  rendered  difficult,  and  their 
life  is  easily  brought  to  a termination  by  the  anaemia  of  inanition. 

Nursing  children  vomit  with  the  greatest  ease.  This  arises  from  the 
position  and  sluqte  of  the  stomach  ; it  lies  more  vertically,  and  its  fundus 
is  but  little  developed.  Disturbances  of  nutrition,  probably  of  a chemical 
sort,  and  diarrhoea  are  frequent,  aud  cause  death  by  exhaustion.  New  dan- 
gers an;  encountered  when  the  food  is  changed  or  when  the  child  is  weaned. 
1 he,  hypertetnia  of  the  mouth,  which  accompanies  the  first  irruption  of  the 
teeth,  at  times  causes  hypertemis  of  the  brain,  and  convulsions  ; of  less  con- 
sequence are  diarrhtea,  and  erythema  of  the  skin. 

The  skin  and  the  mucous  membranes  are  more  excitable,  more  prone  to 
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disorders  of  circulation.  The  function  of  the  lymphatics  is  prominent  in 
childhood,  the  quantity  of  lymph  is  increased,  the  lymphatic  glands  have 
thei  r greatest  development ; and  in  the  latter  we  more  often  observe  altera- 
tions of  nutrition  than  in  adults  (so-called  scrofulous  diseases).  Rachitis 
now  begins  to  show  itself,  usually  in  the  shape  of  softening  of  the  occipital 
bone  (cranio tabes). 

Parasites,  especially  lice  and  round  worms,  readily  lodge  in  these  young  children ; 
the  former  because  they  cannot  well  clean  themselves.  The  same  is  true  of  spores, 
the  cause  of  thrush ; also,  perhaps,  of  ascaris.  At  any  rate,  their  more  frequent 
appearance  in  children  is  evident.  Other  parasites,  such  as  tape-worm,  are  rarer. 

After  the  first  dentition,  severe  diseases  of  the  respiratory  organs  are 
more  frequent,  such  as  pneumonia,  croup,  tuberculosis  of  the  bronchial 
glands,  whooping-cough. 

In  the  age  between  one  and  a half  and  eight  years  growth  proceeds 
rapidly,  and  the  cerebral  functions  are  developed.  On  the  average,  a child 
grows  in  length  about  6 cent,  each  year ; the  weight  of  the  body  goes  on 
increasing  to  the  eighth  year,  rising  in  boys  to  20  kil.,  in  girls  to  19  kil. 
The  blood  has  a lower  specific  gravity,  coagulates  quicker,  contains  a less 
amount  of  solid  ingredients,  has  more  red  corpuscles.  The  pulse-rate 
diminishes  from  1 10  to  90  beats  per  minute  in  the  eighth  year  ; the  respira- 
tion-rate from  40  to  20.  The  absorption  of  oxygen  and  exhalation  of 
carbonic  acid  are  relatively  at  a maximum.  Hunger  and  thirst  remain 
pressing  (the  half-year-old  child  ingests  daily  one-sixth  of  its  weight,  or 
even  one-fifth,  the  adult  only  one-twentieth),  and  are  not  as  well  borne  as 
by  adults.  Consequently,  emaciation  during  disease  is  greater.  Tlio 
rapidity  and  extent  of  tissue-metamorphosis  in  childhood  are  evidenced 
also  in  the  composition  of  the  urine ; a child  aged  three  or  five  years 
passes  much  more  in  proportion  to  its  weight  than  a person  of  about  sixteen 
years;  twice  or  thrice  as  much  urine,  with  twice  or  thrice  more  urea,  and 
more  than  thrice  as  much  chloride  of  sodium  ; the  amount  of  phosphates 
is,  contrarily  (because  of  growth  of  bones),  diminished.  The  capacity  for 
regeneration  is  greatest  in  all  tissues  (skin,  bones,  nerves,  etc.). 

Diseases  of  the  air-passages  and  of  the  lung  substance  are  still  frequent 
at  this  age : among  others  whooping-cough,  tuberculosis  of  the  bronchial 
glands  and  lungs.  Diseases  of  the  intestines  are  less  as  a ride.  Danger 
arises  from  diseases  of  the  brain,  from  tubercular  meningitis  and  acute 
hydrocephalus  especially  ; epilepsy  and  chorea  begin  to  show  themselves. 
Rachitis,  tubercular  and  simple  inflammation  of  the  bones,  are  the 
attributes  of  this  age.  Constitutional  diseases  are  especially  common  ; we 
see,  in  addition  to  the  tuberculosis,  scrofula,  scarlatina,  rubeola,  variola. 
That  young  children  should  be  particularly  liable  to  the  last  two  of  these 
diseases,  does  not  depend  upon  a special  predisposition  in  infancy  (adults 
also  have  these  diseases  when  they  have  not  had  them  in  childhood),  but 
upon  the  fact  that  a human  being  cannot  be  long  in  the  world  without 
being  exposed  to  infection  from  both  these  affections. 

From  this  age  until  puberty,  boys  increase  5.5  cent,  each  year,  reaching 
at  the  age  of  twelve  years  a height  of  138  cent,  and  girls  135  cent.,  on  the 
average.  Boys  gain  about  2 kil.  in  weight  per  year,  girls  a little  more,  so 
that  in  the  twelfth  year  children  of  both  sexes  weigh  on  the  average  about 
30  kil. 

The  state  of  health  in  this  period  is,  on  the  whole,  favorable.  The 
diseases  which  do  occur  in  this  period  exhibit  no  peculiarities,  they  are 
such  as  have  been  enumerated.  We  have  now  to  deal  with  the  moibid 


PUBERTY  AM)  MATURITY. 


49 


consequences  of  attendance  at  school.  These  so-called  school-diseases  have 
their  origin  in  bad  ventilation,  in  bad  or  at  least  irregular  heating,  in  too 
much  sitting,  in  bad  body-attitudes.  Thence  may  arise  general  anaemia  and 
scrofula,  superabundance  of  blood  in  the  head,  of  congestive  or  mechanical 
origin,  with  headache,  nasal  haemorrhage,  goitre,  scoliosis,  usually  with 
convexity  to  the  right,  myopia,  etc.  Besides,  attendance  at  school  is  impor- 
tant, because  of  the  possible  spread  of  infectious  diseases,  especially  measles, 
scarlet  fever,  whooping-cough,  diphtheria,  the  itch,  and  tinea  tonsurans; 
and  because  of  the  acquisition  of  bad  habits  (onanism,  etc.). 

Compare  Guillaume,  Hygiene  scolaire , 1864.  Virchow,  in  Archie , 1SG9,  XLVL, 
p.  447. 

The  period  from  the  thirteenth  to  the  eighteenth  and  twentieth  years  is 
called  the  PERIOD  OF  puberty,  or  development  of  virility.  Youths  grow  in 
this  period  some  30  cent.,  girls  20  cent.  The  increase  of  weight  is  even 
more  rapid  than  before,  reaching  58  kil.  in  boys  eighteen  years  old,  and  in 
girls  of  the  same  age  51  kil.  The  pulmonary  capacity  goes  on  increasing 
until  tin;  twenty-fifth  year.  The  quantity  of  air  inspired  is  greater  than 
that  taken  in  by  adults,  so  is  the  expired  carbonic  acid  (even  double  in 
some  cases),  and  the  expired  watery  vapor.  In  this  period  the  mental 
attributes,  exertions,  and  character  take  extension,  in  conjunction  with 
sexual  development.  The  new  functions  of  semen-elaboration,  of  throwing 
off  of  ova  and  menstruation,  alFord  numerous  opportunities  for  morbid 
action  ; in  the  female  sex  amenorrhcea,  dysmenorrhtra,  and  chlorosis  are  fre- 
quent, in  both  sexes  there  are  extravagant  notions,  disorder  of  the  imagina- 
tion amounting  to  positive  insanity,  this  taking  the  form,  usually,  of  erotic 
or  religious  mania.  Epilepsy,  chorea,  hysteria,  neuralgia,  are  by  no  means 
uncommon.  Sexual  aberration  (onanism)  or  sexual  excesses  often  occur, 
and  weaken  the  body  more  than  they  would  in  later  years.  The  various 
forms  of  venereal  disease  are  also  frequent  in  the  latter  "half  of  this  period. 
All  acute  diseases  occur  in  this  age ; among  chronic  diseases  tuberculosis  is 
pa  rticularly  frequent. 

From  the  twentieth  to  the  twenty-fifth  year,  until  the  period  of  complete 
growth,  the  bones  and  muscles  and  the  thorax  especially  develop;  the 
thymus  gland  diminishes  in  size.  The  pulmonary  (vital)  capacity  still  in- 
creases. In  the  twenty-fifth  year  the  male  is  168  cent,  in  height  and  weighs 
G3  kil.,  the  female  is  1 -»7  cent,  high  and  weighs  53  kil.  All  severe  acute 
diseases  occur  in  this  age.  In  place  of  the  laryngeal  affections  noticed  at 
an  earlier  age,  we  have  more  often  cedoma  of  the  glottis.  In  females 
chlorosis  is  still  frequent.  Bodily  and  mental  efforts  are  well  endured,  and 
sexual  indulgence  is  permissible  if  the  body  be  well  developed. 

Mature  aue  extends  in  males  a year  or  more  beyond  forty  years,  in 
females  almost  to  forty  years:  this  is  the  fteriod  of  highest  development. 
1 be  male  attains  in  tin*  fortieth  year  his  maximum  weight,  63.6  kil.,  and 
then  begins  to  lose  flesh.  \\  omen  continue  to  grow  heavier  (reaching  to 
about  ..6  kil.)  until  the  fiftieth  year.  This  is  the  healthiest,  period,  pro- 
vided that  there  have  not  been  great  exertions,  excesses,  or  ill-health  in  the 
preceding  youth.  A t this  time  gout  appears,  and  with  it  gastric  and  hepatic 
affections,  hamiorrhoidal  conditions ; in  women  leucorrlnea  and  other  dis- 
eases of  the  sexual  organs.  Exertions  and  privations  are  well  borne  in  tliis 
period,  and  even  excesses  are  not  as  harmful  as  in  previous  years. 

1 he  name  of  climacteric  age,  that  in  which  decline  begins,  is  given  to 
the  period  included  between  forty-five  and  sixty  in  men,  and  forty  to  forty- 
five  or  fifty  in  women.  Men  become  more  corpulent,  women  rapidly  grow 
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older ; in  both  the  size  of  the  body  diminishes.  Menstruation  ceases  in 
this  period,  with  concomitant  disorders,  and  the  development  of  diseases 
of  the  internal  sexual  organs  and  the  breasts.  Acute  diseases  are  more  rare, 
but  more  easily  produce  death.  Abdominal  adipose  deposit  occurs,  especi- 
ally in  men,  though  without  morbid  action.  Lastly,  we  find  carcinoma  in  all 
organs,  prostatic  and  vesical  diseases  appear,  as  well  as  emphysema  and 
asthma,  and  cerebral  haemorrhage. 

Old  age,  at  least  to  the  age  of  seventy,  is  characterized  by  diminution  of 
nutrition  ; the  so-called  marasmus  senilis.  Within  this  are  a number  of  ana- 
tomical and  functional  alterations ; <£  seneclus  ipsa  morbus.”  The  wasting 
of  old  age  consists  in  diminution  of  the  connective  tissue,  in  atrophy  of  the 
skin  and  nearly  all  mucous  membranes,  as  well  as  of  the  muscular  struc- 
tures, even  those  of  the  internal  organs,  gland-ducts,  and  bloodvessels  ; in 
gradual  diminution  of  the  excitability  and  energy  of  the  nervous  system  in 
general.  The  blood  exists  in  smaller  amount,  is  poorer  in  solids,  particu- 
larly in  blood-corpuscles  and  albumen.  The  large  bloodvessels  are  en- 
larged because  of  loss  of  the  elasticity  of  their  middle  coat ; many  arteries 
exhibit  deposits  upon  their  inner  coat ; a number  of  capillaries  arc  blocked  up. 
Through  loss  of  teeth,  come  numerous  alterations  of  the  organs  of  respira- 
tion and  digestion,  atrophy  of  blood  and  lymphatic  glands ; digestion,  blood- 
making,  and  respiration  are  impaired  ; respiration  oven  more  by  deposit  of 
pigment,  by  atrophy  of  pulmonary  lobules  (emphysema  senile ),  by  sinking 
in  of  the  vertebrae,  and  by  ossification  of  the  costal  cartilages.  The  respir- 
atory movements  are  more  frequent  but  more  shallow.  The  absorption  of 
oxygen  and  exhalation  of  carbonic  acid  are  less  in  aged  persons.  The 
amount  of  mine,  as  well  as  of  its  solid  ingredients,  is  diminished.  The 
body  temperature,  strange  to  say,  is  a little  higher  than  in  adult  age.  The 
absolute  amount  of  heat,  however,  is  less,  and  so  is  the  power  of  resisting 
cold.  The  brain  undergoes  a marked  degree  of  atrophy,  the  resulting  space 
being  filled  up  in  part  by  thickening  of  the  meninges,  in  part  by  accumula- 
tion of  serum  in  the  ventricles;  yet  the  senile  brain  dropsy  is  not  the  essen- 
tial attribute  of  this  period  of  life;  there  are  usually  observed  only  stubborn- 
ness and  imbecility  in  certain  lines  of  thought.  The  bones  become  more 
fragile  in  consequence  of  increase  in  their  medullary  substance. 

All  the  above  are  in  a measure  normal  events,  and  the  aged  seldom  die 
of  them.  Almost  always  there  are  found  in  the  body  well-developed  new 
anatomical  lesions,  which  have,  however,  given  rise  to  but  ill-defined 
symptoms  during  life.  To  this  category  belong  many  vascular  and  cerebral 
diseases,  pneumonias,  cancer  in  various  organs.  Nearly  all  chronic  aflections 
are  still  common  ; among  acute  ones,  typhoid  fever  very  seldom  occurs,  the 
acute  exanthemata  not  at  all.  ( Vide  infra , senile  marasmus.) 


3.  SEX. 


Compare  the  literature  of  diseases  of  trades  by  Ramazzini,  1700;  Patissier, 
1822;  ViLLBRMfe,  1840;  Fuchs,  Casper,  Cless,  Halfoht,  1845  ; Brockmann 
1851  ; etc.  The  literature  of  female  diseases  by  Osiander.  1820;  Siebold,  1821 
Jena,  1831 ; Mende,  1831-6;  Lee.  1833;  Colombat,  1838;  Franked,  1839 
Buscii,  1839-44;  Meissner,  1842;  Moser,  1843  ; Kiwisch,  1847,  3d  ed.  in  m'1 
Graham,  1850;  Jonas,  1850;  Scanzoni,  1802;  Veit,  1807;  Thomas,  1874. 
literature  of  midwifery. 
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The 


The  influence  of  sexual  difference  upon  disease  arises  from  the  original 
and  physiological  differences  between  man  and  woman.  In  tho  latter  there 
being  less  toughness  and  density  of  all  the  tissues ; less  development  ot 
the  bones,  of  the  striated  and  smooth  muscles,  of  the  external  skin,  and  per- 
haps also  of  mucous  membranes  ; lesser  size  of  the  digestive  apparatus  and 
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the  great  glands,  as  well  as  of  the  kidneys ; positively  as  well  as  relatively 
less  tissue  metamorphosis ; smaller  need  of  food  ; less  development  of  the 
respiratory  apparatus ; smaller  vital  capacity  of  the  lungs ; smaller  forma- 
tion of  carbonic  acid ; less  perspiration  ; a smaller  amount  of  blood,  par- 
ticularly of  blood-corpuscles  as  well  as  of  fibrin,  a greater  proportion  of 
water,  salts,  and  albumen ; smaller  volume  and  weight  of  the  brain ; greater 
fatty  deposit,  etc. 

Again,  the  two  sexes  show  different  results  in  consequence  of  differences 
in  mode  of  life  and  education.  It  is  sufficient  to  remember  that  men  are 
more  subject  to  all  those  diseases  which  are  especially  or  solely  caused  by 
unfavorable  hygienic  conditions,  or  which  are  of  meteorological  origin, 
such  as  pneumonia,  pulmonary  emphysema,  heart-disease,  and  articular 
rheumatism;  ami  to  such  affections  as  are  caused  by  occupations  and  pro- 
fessions; and  lastly  to  recall  the  efficacy  of  such  causes  of  disease  as  the 
abuse  of  alcohol  and  tobacco. 

On  the  contrary,  women  find  more  often  exciting  causes  of  disease  in 
education  and  customs.  Nervous  irritability,  hysteria,  and  spinal  irritation 
have  their  origin  in  the  absence  of  practical  activity  after  which  follows 
healthy  fatigue,  in  actual  immersion  in  the  contemplation  of  the  state  of 
one’s  body,  in  excitation  of  the  sexual  appetite  without  opportunity  for  its 
gratification  ; women  of  the  higher  classes  are  especially  liable  to  these  dis- 
eases. The  preponderance  of  this  morbid  group  in  women  is  so  very  great 
that  the  above  causal  conditions  are  not  sufficient  to  account  for  the  dispro- 
portion : and  this  is  particularly  true  of  hysterical  spasms  of  all  kinds,  which 
are  very  seldom  met  with  in  men.  In  this  question  there  probably  enters 
some  yet  unknown  peculiarity  in  organization. 

Those  affections  of  the  brain,  spiual  cord,  and  nerves,  which  are  more 
especially  produced  by  directly  acting  morbid  influences,  are  not  more 
frequent  among  women  than  men.  As  regards  insanity,  the  statistics  of 
various  countries  show  an  excess  sometimes  of  males  sometimes  of  females  ; 
the  latter  is  the  case  where  women  tuke  more  part  in  the  occupations,  cares, 
and  emotions  of  men,  as  in  France.  In  the  male  sex  almost  the  only  spas- 
modic affections  observed  are  epilepsy  and  tetanus;  among  women  epilepsy 
is  not  as  frequent,  tetanus  is  very  ran*.  On  the  contrary,  reflex  spasms  of 
all  kinds  are  very  common  in  women.  Paralyses  are,  in  comparison  with 
females,  very  frequent  in  males.  Diabetes  mellitus,  gout,  locomotor  ataxia 
are  very  much  more  common  in  men  than  in  women.  That  vesical  diseases 
and  vesical  calculi  should  be  more  common  among  men  may  be  accounted 
lor  by  the  structure  of  the  urinary  organs.  Women  seldom  suffer  from 
haemorrhoids,  which  fact  may  possibly  be  connected  with  the  periodic  loss  of 
blood  at  menstrual  periods  ; yet  they,  contrarily,  often  have  struma. 

The  greater  frequency  of  disease  in  female  foetuses  is  as  yet  of  unknown  causation. 
Otto  fonnd  that  among  473  cases  of  malformation  in  which  the  sex  could  be  deter- 
mined. there  were  370  females  and  203  moles.  On  the  contrary,  the  so-called  trans- 
position of  organs  is  much  more  common  in  men  than  in  women. 

In  all  countries  there  are  more  boys  born  than  girls  (in  the  proportion 
of  105-106  to  100)  ; the  number  of  boys  still-born  is  greater  than  that  of 
girls  (14:10).  This  last  circumstance  is  probably  due  to  the  fact  that  on 
the  average  the  body  of  the  mature  male  foetus  is  larger  and  heavier  than 
that  of  the  female  foetus,  and  that,  consequently,  there  are  greater  impedi- 
ments to  the  birth  of  boys.  Greater  mortality  prevails  among  boys  after 
birth,  so  that  if  we  reckon  one-year-old  children  the  preponderance  of  males 
is  quite  obliterated.  This  proportion  continues  throughout  life,  so  that 
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almost  without  exception  women  outnumber  men  (102.7  : 100).  From  the 
second  year  to  puberty  there  are  no  marked  differences  in  the  diseases  of 
the  two  sexes,  except  that  boys  are  more  liable  to  laryngeal  croup,  and  that 
later  on  girls  are  more  often  the  subjects  of  chorea.  During  the  period  of 
puberty  the  female  sex  exhibits  more  affections  of  the  sexual  organs  than 
males.  This  is  explicable  partly  by  their  greater  size,  different  location, 
especially  reduplications  of  peritoneum,  partly  by  their  more  complicated 
structure,  and  partly  by  their  irregular  performance  of  function.  Anosmia 
of  development  (chlorosis)  is  especially  the  attribute  of  the  female  sex. 
During  youth  both  sexes  share  acute  diseases  about  equally;  among  men 
pulmonary  and  pleural  inflammations  are  more  usual,  in  women  those  of  the 
peritoneum  a little  more  frequent.  Those  dangers  to  which  women  are 
exposed  during  pregnancy,  confinement,  and  lying  in,  by  affections  of  the 
sexual  organs  and  the  breasts,  are  counterbalanced  in  men  by  bodily  and 
mental  strains,  to  which  they  are  exposed  in  their  occupations.  Among 
chronic  diseases  those  of  the  digestive  organs,  such  as  colic,  ulcer  of  the 
stomach,  constipation,  as  well  as  diseases  of  veins,  are  more  common  in  the 
female  sex.  Those  diseases  which  absolutely  cause  the  greatest  mortality, 
such  as  tuberculosis  and  cancer,  are  about  equally  divided  between  the 
two  sexes. 

In  all  diseases  women  endure  better  than  men.  Severe  pain,  great  loss 
of  blood,  continued  ill-health,  exhaust  men  quicker  than  women.  As 
regards  their  relations  with  physicians,  women,  aside  from  the  insufferable 
pranks  of  hysterical  ones,  are  more  patient,  tractable,  and  thankful  than  men. 

The  mortality  ratio  of  both  sexes  is  indicated  in  the  following  table  of  Que- 
TELKT. 
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4.  CONSTITUTION — HABIT — TEMPERAMENT. 

By  constitution  is  meant  a sort  of  physiological  basis,  a predisposition, 
presenting  itself  as  something  constant  in  the  same  individual,  and  charac- 
terized by  the  mode  of  reaction  of  nerves  aud  muscles,  and  also  by 
the  composition  of  the  blood  and  by  nutrition,  as  well  as  by  the  power 
of  resistance  to  external  and  internal  influences.  Tlie.se  conditions 
sometimes  persist  without  change  during  the  individual’s  whole  life, 
and  sometimes  are  altered  by  change  of  conditions  of  life  (nutrition,  dwell- 
ing, calling,  etc.),  or  by  diseases.  By  habitus  (habit)  we  understand  the 
external  expression  of  the  constitution  ; these  are  related,  as  are  the  group 
of  symptoms  to  internal  conditions  of  disease.  The  term  temperament  is 
applied  to  something  special  in  the  constitution,  as,  for  example,  the  humor, 
or  frame  of  mind,  and  the  mode  of  manifestation  of  the  activity  of  the 
brain. 

The  various  forms  of  constitution  lie  in  part  in  the  domain  of  healthy 
life,  and  in  part  correspond  to  morbid  states,  or  shade  into  morbid  constitu- 
tions. They  are  as  little  derived  from  nature,  and  as  little  defined  as 
are  forms  of  disease.  There  are  as  many  constitutions  as  human  beings,  just 
as  there  are  as  many  diseases  as  sick  ]«sople.  But,  as  we  set  up  certain  defi- 
nite forms  of  disease  for  the  sake  of  description,  so  we  pick  out  the  most 
distinct  types  of  constitution. 

1.  The  st mono  or  robust  constitution.  The  body  is  larger,  or  of 
medium  size,  broadly  built,  the  skeleton  and  muscles  are  strongly  formed  ; 
the  pulse  is  full,  calm,  and  not  variable,  th>‘  blood  rich  in  blood-corpuscles, 
there  are  rare,  deep,  respiratory  movements,  with  great  vital  capacity, 
abundant  perspiration,  concentrated  urine,  good  digestion  and  nutrition  ; 
the  functions  of  the  brain  are  not  too  much  developed.  This  constitution 
is  seldom  met  with  in  women,  never  in  youths,  only  in  men  between  twenty 
and  fifty  years  of  age,  most  frequently  in  those  classes  who  enjoy  good 
food,  together  with  physical  exercise. 

Some  would  separate  from  the  above  the  pi.etiioric  constitution  ; characterized 
by  a more  compact,  broader  build,  abundant  muscular  substance,  red  cheeks,  lips, 
and  mucous  membranes  ; sudden  movements,  sometimes  a short  neck. 

As  attributes  of  this  constitution  are  favorable  conditions  of  health  ; 
great  power  of  resistance  to  the  action  of  external  and  internal  influences; 
rapid  recuperation ; frequent  acute  diseases : pneumonia,  rheumatism, 
typhoid  fever;  among  chronic  diseases  : cardiac  diseases,  gout,  pulmonary 
emphysema ; tuberculosis  only  when  there  is  an  hereditary  taint. 

2.  The  irritable  constitution,  the  most  common,  especially  in  women 
and  children. 

The  characters  of  this  constitution  are,  small  muscular  development,  a 
pale  and  not  over  well  nourished  skin,  marked  development  of  the  intellec- 
tual faculties,  lively  temperament. 

The  following  subdivisions  may  be  made.  The  constitution  with  cerebral 
IRUIT ABILITY,  as  exists  in  such  individuals  as  easily  become  delirious  in  fever  ; that 
with  spinal  irritability,  as  in  those  who  easily  have  convulsions;  the  catarrhal 
CONSTITUTION,  in  which  there  is  a dry,  easily  moistened,  or  flabby  skin,  with  evident 
tendency  to  catarrhal  inflammation;  the  wkak-an.kmic  constitution,  with  pale 
skin  and  mucous  membranes,  small  muscles,  exhaustion  quickly  induced.  The 
BILIOUS  constitution  might  be  added  to  this  list,  a frequent  one  in  southern  coun- 
tries, showing  a dark  or  yellow  skin,  dark  irides,  a lively  and  often  suffering  glance. 
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3.  The  indolent  constitution:  Marked  by  slow  development,  slow 
and  not  abundant  movements,  ease  of  fatigue ; the  bones,  fat,  and  glands 
more  developed  than  the  muscles  and  nerves.  The  skin  is  lustreless  and 
still':  recovery  is  slow.  As  subdivisions  we  have  the  venous,  lymphatic, 
asthenic,  and  cretinoid  constitutions. 

It  is  to  a very  great  extent  an  error  to  assume  that  the  various  constitutions  pre- 
dispose to  certain  diseases.  There  are  differences  as  regard  the  course  of  disease, 
the  absorption  of  exudations  for  example,  which  is  slower  in  the  indolent  constitu- 
tion. For  therapeutics  the  matter  is  also  of  a certain  importance,  since,  for  example, 
individuals  of  indolent  constitution,  and  many  of  the  irritable  constitution,  do  not 
well  bear  bloodletting,  and,  in  general,  any  debilitating  means  or  methods. 

The  habit  is  made  up  of  the  size  and  weight  of  the  body,  its  degree  of 
fatness  ; also  in  part  of  the  form  and  color  of  external  parts,  the  bearing 
of  the  body,  the  turgescence  of  organs. 

It  is  only  with  regard  to  size  and  weight  of  the  body  in  man,  and  in 
some  few  animals,  that  several  important  physiological  and  pathological 
characteristics  are  known.  The  extreme  body-weights  in  proportionately 
grown  adults  are  as  l:2^-3;  those  of  height  are  as  1:1^-1|.  The 
pulse  is  slower  in  large  men  then  in  small  men  of  the  same  age,  or  in  other 
words,  the  length  of  the  pulse-beat  increases  with  the  body-length.  The 
time  required  for  the  completion  of  circulation  increases  (in  animals)  with 
the  weight  and  length  of  the  individual.  Grown  persons  of  short  stature 
have  a much  greater  amount  of  blood  relatively  to  their  body-weight  than 
tall  individuals.  Large  men  have  larger  lungs,  a larger  larynx,  etc.  The 
vital  capacity  increases  in  men  at  the  rate  of  about  60  C.  cent,  for  each  1 
cent,  in  height.  Small  men  breathe  oftener,  though  less  deeply,  than  large 
ones.  The  relative  (to  body-weight)  amount  of  the  products  of  respiration 
is  larger  in  small  men  than  in  tall  ones.  The  absolute  tissue-metamorphosis 
is  greater  in  tall  and  heavy  persons,  while  their  relative  amount  is  in  just 
reversed  proportion.  With  respect  to  the  deposit  ot  fat  there  are  also  cer- 
tain data  worth  remembering.  Lean  individuals  have  on  the  average  a 
greater  appetite,  and  absolutely  and  relatively  (to  body-weight)  more  intense 
tissue-changes  than  fat  persons.  The  latter  have  relatively  less  blood;  they 
consume  less  oxygen,  and  have  a smaller  pulmonary  vital  capacity  ; they 
secrete  less  bile,  much  less  lymphatic  fluid,  and  but  little  urine. 

The  influence  of  these  various  forms  of  habit  upon  disease  in  general, 
upon  its  course,  treatment,  etc.,  cannot  be  briefly  related.  We  know  that 
fat,  though  otherwise  healthy  persons,  resist  but  feebly  many  morbid  inter- 
nal and  external  influences,  that  they  are  more  often  the  subject  of  many 
forms  of  cardiac,  hepatic,  and  renal  disease,  and  that  they  do  not  well  bear 
energetic  therapeutic  interference. 

Compare  Vierohdt,  Grundrixs  d.  Phyxidk>gie  d.  Jlfenxchen,  1871,  p.  553. 

Besides  the  use  of  the  word  habit  in  the  sense  above  defined,  the  term 
is  often  applied  to  marked  alterations  of  the  constitution,  or  to  the  external 
evidences  of  latent  morbid  action.  Thus  we  speak  of  the  phthisical  habit, 
the  carcinomatous  and  apoplectic  habits,  etc.,  without  meaning  to  say  that 
phthisis  or  cancer  is  actually  present. 

With  respect  to  temperament,  great  efforts  have  been  made  to  connect 
its  various  types  with  given  diseases.  But  the  conception  of  a tempera- 
ment is  very  vague,  and  as  .soon  as  the  physician  attempts  to  biing  it.  out 
in  its  material  manifestation*,  it  fades  into  the  definition  of  constitution. 

From  a very  ancient  period  the  division  into  PHLEGMATIC,  choleric,  sanguine, 
and  melancholic  temperaments  is  recognized.  The  originals  of  these  are  met  with, 
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ns  well  ns  those  of  several  other  types  which  have  been  defined  in  more  recent  times. 
In  the  quiet  or  phlegmatic  temperament  there  are  a flabby  state  of  the  muscular 
system  during  repose,  want  of  energy  in  the  involuntary  muscles,  turgescence  of  the 
tissue,  a disposition  to  adipose  deposit,  small  or  slow  reaction  to  psychic  excitation, 
slightly  developed  passions,  small  sensibility  to  bodily  suffering.  In  the  choleric  tem- 
perament we  find  active  contractions  of  the  voluntary  muscles,  producing  a tense, 
firm  habit  of  body,  great  irritability,  with  force  and  persistence  of  the  irritation, 
strong  passions.  The  sanguine  temperament  is  characterized  by  marked  irritability, 
and  equally  great  liability  of  the  nervous  system  to  exhaustion,  sudden  changes  in  the 
activity  of  the  special  senses  and  in  humor,  these  changes  being  produced  by  bodily 
exertions  as  well  as  after  mental  exertion  and  emotional  excitement.  In  the  mekyi- 
cholic  or  sentimental  temperament  there  are  found  united  slight  irritability  with 
strong  capacity  for  reacting  to  sensory  excitations,  and  great  persistence  of  the 
frame  of  mind,  especially  that  of  dulness  or  sullenness. 

It  is  possible  that  difference  of  temperament  may  have  a certain  influence  upon 
the  origin  and  course  of  diseases,  especially  the  psychical ; no  such  influence  has 
been  demonstrated  as  affecting  somatic  diseases. 

Whether  the  complexion  (brunette  or  blonde)  can  affect  disease  is  not 
known.  The  notion  that  blonde  women  suffer  more  from  lcucori  hoea  is  a 
mere  popular  prejudice.  On  the  contrary,  it  would  seem  that  cancer  of  the 
uterus  is  more  frequent  in  brunettes. 

With  respect  to  race,  the  extreme  susceptibility  of  negroes  to  disease 
has  always  been  maintained.  In  general  this  question  is  complicated  by 
the  interference  of  climatic  and  hygienic  causes. 


II.  EXTERNAL  CAUSES. 

1.  ATMOSPHERIC  INFLUENCES. 

A.  Atmospheric  pressure.  Atmospheric  pressure  is  a tangible  phe- 
nomenon, yet  one  which  it  is  difficult  to  appreciate  in  its  influence  upon  the 
body,  because  it  seldom  acts  alone.  There  are  two  iin[K>rtant  factors  united 
in  atmospheric  pressure  changes ; the  quantity  of  oxygen  in  the  air  diminishes 
in  equal  volumes  with  the  rarefaction  of  air,  the  loss  of  perspirable  material 
increases  with  the  rarefaction. 

The  effects  of  increased  atmospheric  pressure  have  long  been  known  to 
divers;  in  more  recent  times  these  have  been  more  accurately  studied  during 
the  building  of  bridges  by  the  pneumatic  method,  and  in  institutions  where 
compressed  air  has  been  put  to  therapeutical  uses  (the  so-called  baths  in 
compressed  air — pneumatic  institutions).  In  these  conditions  there  occurs  a 
momentary  disturbance  of  the  equilibrium  of  gases  in  the  cavities  in  the  tran- 
sition from  a lighter  to  a denser  air.  This  is  made  most  frequently  and  most 
painfully  evident  in  the  air  by  a depression  of  the  tympanum.  Movements 
of  deglutition  which  open  the  Eustachian  tubes,  as  well  as  attempted  expi- 
ration with  closed  mouth  and  nose  (Valsalva’s  experiment  so  called)  equal- 
ize tin*  atmospheric  pressure  on  both  sides  of  the  tympanum.  Severe  and 
in  part  dangerous  manifestations  attend  very  sudden  diminution  of  high 
atmospheric  pressure,  effects  probably  explicable  by  the  increase  of  blood- 
pressure  ami  by  the  formation  of  embolic  stoppages  in  vascular  areas  by  air 
which  has  suddenly  been  set  free  from  the  blood  ami  lias  mingled  with  the 
circulation.  These  are  nervous  pains,  hyperesthesia,  muscular  weakness, 
sometimes  convulsions,  etc. 

Similar  phenomena  appear  in  unnaturally  dense  air,  as  in  breathing  air 
too  rich  in  oxygen.  With  respiratory  movements  of  equal  extent  in  such 
air  there  occurs  a greater  degree  of  oxidation  and  carbon-excretion  than 
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while  breathing  under  usual  atmospheric  pressure.  There  can  be  no  question, 
probably,  as  to  the  after-effects  of  a stay  in  such  air  upon  the  chemistry  of 
the  respiration.  Breathing  in  a pneumatic  apparatus  unconsciously  and 
involuntarily  is  done  with  more  distended  lungs  than  under  ordinary  air  pres- 
sure, and  this  (the  lowered  position  of  the  diaphragm)  is  to  be  explained  by 
the  compression  of  the  intestinal  gases.  The  respiratory  movements  are 
deeper  and  less  rapid  (sometimes  reduced  one-half).  The  arterial  blood- 
pressure  decreases ; the  pulse  becomes  fuller  and  usually  slower;  the  capil- 
laries are  contracted  ; the  temperature  rises.  The  cutaneous  and  pulmonary 
exhalations  are  diminished,  the  urinary  secretion  is  increased  according  to 
some  authorities,  decreased  according  to  others;  the  appetite  is  greater; 
the  body-weight  increases.  The  subjective  sensations  experienced  during  a 
long-continued  stay  in  compressed  air  are  described  as  nearly  always  agree- 
able. Muscular  movements  are  more  easily  performed;  speech  is  impeded  ; 
dyspnoea  is  often  subdued. 

Compare  Vivrnot,  Zur  Kenntn.  d.  physiol  Wirk.  u.  d.  th e-rap.  Anwend.  d.  verdicht. 
Lvji,  1 8(>s.  Pantjm  (Arch,  der  Physiol. , 18<i8,  1,  2,  w.  <5  II).  A.  H.  Smith,  Effects 
of  High  Atmosph.  Pressure , Brooklyn,  1873,  and  others. 

The  effects  of  diminished  atmospheric  pressure  have  been  observed  on 
a large  scale  at  high  elevations;  although  there  are  superadded  the  influ- 
ence of  cold  and  of  various  efforts  which  must  affect  the  result.  Expe- 
rience in  the  Alps,  the  Himalayas,  and  especially  in  the  Andes  of  South 
America  agree  in  that  healthy  persons  feel  nothing  unnatural  at  a height  of 
5,000  to  7,000  feet.  It  is  only  when  an  elevation  of  0,000  to  18,000  feet, 
where  the  atmosphere  is  one  half  lighter,  is  reached,  that  shortness  of  breath, 
acceleration  of  the  pulse,  rapid  exhaustion,  and  a remarkable  immunity  to 
the  effects  of  alcohol  are  observed  ; these  together  with  weakness,  headache, 
syncope,  bleeding  from  the  gums,  nose,  etc. 

New-comers  upon  those  elevated  parts  of  the  Andes  suffer  from  “puna,” 
or  “ sorocho an  acclimation  disease,  characterized  by  piercing  chilliness, 
headache,  and  nausea. 

The  same  symptoms  ai’e  observed  in  those  who  go  up  in  balloons. 

Some  individuals  resist  the  effects  of  rarefaction  of  the  atmosphere.  The  aeronauts 
Green  and  Bush  ascended  to  an  elevation  of  27.000  feet,  with  a barometer  standing 
at  10.  32"  ; the  first  11,000  feet  having  been  traversed  in  seven  minutes.  Yet  they 
experienced  neither  acceleration  of  the  pulse  nor  quickened  respiration,  not  even 
when  they  exerted  themselves  in  throwing  out  ballast.  Glaisiiek  attained  a height 
of  33,000  feet. 

The  redness  and  swelling  of  the  skin,  the  occasional  haemorrhages  from  the 
skin  and  from  exposed  mucous  membranes,  are  easy  of  explanation.  The 
same  is  true  of  the  early  outward  bulging  of  the  tympanum,  with  ear-ache 
and  hardness  of  hearing.  The  chapping  and  cracking  of  the  skin,  and  the 
consequent  ulcerations,  are  dependent  upon  the  co-existent  dryness  of  the 
air.  The  loss  of  turgescence  in  the  lineaments  of  the  face,  the  diminution  of 
perspiratory  and  urinary  secretions,  and  the  increase  of  thirst  may  be  also 
referred  to  the  same  cause.  The  drowsiness,  headache,  and  vertigo  are 
probably  owing  to  cerebral  anaemia.  The  weakness  is  in  part  explained  by 
the  diminished  firmness  in  the  fixation  of  heads  of  bones  in  their  sockets, 
particularly  at  the  shoulder-joint,  as  well  as  by  the  rarefaction  of  the  intes- 
tinal <*ases  which  impinge  upon  the  diaphragm;  the  shortness  and  quickness 
of  breathing  by  the  complete  distention  of  the  lungs  ; the  increase  of  the 
heart’s  action  by  the  removal  of  pressure  from  the  bloodvessels. 
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Under  these  circumstances  contradictory  phenomena  show  themselves  in  the.  sick. 
One  would  suppose  that  the  release  of  the  thorax  (from  the  usual  pressure)  would 
operate  favorably  ui>on  the  pulmonary  circulation,  making  it  more  active,  and  that, 
consequently,  tubercular  patients  would  derive  benefit  from  a residence  in  high  local- 
ities. This  is  indeed  what  occurs  in  many  cases,  independently  of  the  fact  that 
tuberculosis  does  not  occur  upon  high  mountains.  Then  we  have  the  experience 
with  compressed  air,  which  used  iu  unusually  heavy  amounts  (2-3  atmospheres)  lias- 
done  good  to  many  having  dyspnoea;  and  which  when  employed  systematically 
has  much  improved  emphysematous  and  tuberculous  lungs. 

If,  now,  the  most  extreme  rarefaction  of  the  atmosphere  has  little  or  no 
effect  upon  some  persons,  if  a diminution  of  several  inches  of  pressure  is 
well  borne  by  mountain  travellers,  it  is  not  permissible  to  conclude  that  va- 
riations in  atmospheric  pressure,  occurring  in  one  locality  and  amounting 
to  a few-  lines  or  one  and  a half  inches  of  mercury  in  rise  or  fall,  can  have  any 
important  effect  upon  healthy  persons.  It  may  be  said  that  it  is  not  so  much 
extreme  changes,  as  permanently  high  or  low  barometric  pressure,  which 
gives  a particular  stamp  to  the  epidemic  constitution  ; and  yet  man  be- 
comes very  easily  acclimatized  in  the  high  regions.  Perhaps  it  is  only 
the  frequency  of  variations  which  is  injurious. 

The  scanty  empirical  statistical  investigations  on  this  point  have  yielded  results 
of  doubtful  value.  According  to  Casper.  mortality  increases  with  the  atmospheric 
pressure.  This  is  true  only  in  Berlin,  or  at  all  events  Dresden,  and  a few  years  in 
Paris,  but  not  at  all  in  Hamburg,  where  a high  barometric  pressure  is  more  favorable 
to  life  than  a low  one.  It  would  seem  that  consumptives  die  in  notably  smaller 
number  in  Berlin  during  high  barometric  pressure  than  during  a low  one.  In  New 
York  (observations  extending  over  three  yean)  it  appears  that  pulmonary  and  ute- 
rine hietnorrhagos  usually  coincide  with  a falling  barometer  (Gorlin,  in  Canst. 
Juhmtb .,  1 843,  p.  18(5). 

We  arc  enabled  to  observe  the  effects  of  diminished  pressure  upon  limited 
parts  of  the  body  during  the  application  of  a cup.  Under  it  blood  accumu- 
lates, and  in  consequence  of  relatively  increased  pressure  round  nbout,  exu- 
dations and  extravasations  take  place.  Naturally  we  cannot  conclude  from 
these  alterations  of  equilibrium  as  to  the  consequences  of  generally  dimin- 
ished atmospheric  pressure,  U'cause  the  pressure  is  rapidly  equalized  in  all 
the  open  cavities  of  the  body,  and  the  possible  variations  are  not  very 
great  and  sudden. 

B.  The  temperature.  The  effects  of  temperature  upon  the  organism  are 
either  local,  or  general.  The  results  vary  according  to  the  kind  of  tem- 
perature (heat  or  cold),  according  to  the  duration  of  its  action,  and  accord- 
ing to  the  variations  (so-called  chilling)  of  temperature.  In  the  medium 
temperatures  the  degree  of  inuring  is  of  importance. 

(a.)  The  local  effects  of  temperature.  The  various  extremes  of 
heat  and  cold  which  affect  certain  parts  of  the  body,  especially  the  external 
skin  and  the  mucous  membranes,  cause  various  disorders  of  circulation, 
particularly  anaemia  and  hypera-mia,  later  different  forms  and  degrees  of 
inflammation,  and  at  last  (the  so-called  highest  grade  of  burning  and  freezing) 
gangrene  (compare  this  process).  After  extensive  burns  of  the  skin  the 
temperature  of  the  body  sinks  by  several  degrees,  and  does  so  because  les- 
sened elasticity  of  the  arteries  produces  a dilatation  of  bloodvessels  and 
increased  radiation.  Another  consequence  of  this  dilatation  is  diminution 
of  blood-pressure.  These  phenomena  are  frequently  followed  by  death. 
Correspondingly  large  congelations  of  the  skin  do  not  come  under  our 
observation. 
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Wkrtiikim  ( Wochenhl  d.  Gesrfl.  d.  Wiener  Aente,  18(58,  No.  13)  observed  in  cases 
of  burns  made  upon  the  chest  and  abdominal  walls  of  dogs  by  means  of  often  repeat- 
ed scorch ings  with  turpentine,  a constant,  definite  anatomical  change  in  the  blood. 
\ enous  blood  drawn  from  the  animal  a few  minutes  after  the  burning  showed 
besides  the  normal  constituents,  a very  large  number  of  rounded  bodies  measuring 
.001  to  .004  mm.,  having  very  much  the  appearance  of  round  blood-corpuscles.  Their 
number  is  sometimes  as  great  as,  and  even  greater  than  is  that  of  the  normal  red  cor- 
puscles, and  the  larger  the  more  severe  the  burning,  but  they  are  always  'more  nu- 
merous than  in  normal  blood  : — he  also  saw  numerous  red  corpuscles,  apparently  in  the 
act  of  segmentation,  and  from  which  the  above  described  corpuscles  had  most,  likely 
derived, — many  white  cells  (leucocytes)  whose  number  was  not  rarely  equal  to  that  of 
the  red  corpuscles.  And  this  experimenter  had  already  discovered  after  bums  that 
the  temperature  of  the  subcutaneous  connective  tissue  just  under  the  part  burned 
reached  60  -70  C.  immediately  after  the  greatest  burning,  and  he  also  constantly 
found  melanine  in  molecular  and  flaky  states  along  the  capillary  vessels  in  the  focus 
of  injury : — and,  lastly,  he  always  made  out  llright’s  disease  of  the  kidneys  after 
death. 

The  cause  of  death  after  extensive  burns  is,  according  to  many  authorities,  rapid 
inanition  ; according  to  others,  collapse  (shock),  etc.  ; according  to  Fai.k  ( 1 irchow's 
Archie , 1871,  lid.  LIII.  p.  27),  it  consists  in  paralysis  of  the  heart,  which  is  itself 
the  result  of  suspended  tonus  of  bloodvessels. 

The  effects  of  different  temperatures  upon  cells,  such  as  it  may  be  observed  in 
living  animals,  and  by  the  use  of  the  microscope  and  heating  apparatus  (the  so-called 
moist  chamber),  will  be  studied  farther  on.  In  an  increased  temperature  nerves  and 
muscles  exhibit  an  increase  in  irritability  and  contractility,  although  farther  on  (at 
49  -60'  C.  in  man)  this  is  followed  by  loss  of  vitality.  Blood -corpuscles,  glandular 
cells,  etc.,  suffer  in  the  same  way. 

J3.  The  general  effects  of  temperature.  When  there  is  prolonged 
exposure  to  a low  temperature,  such  as  precedes  death  by  freezing  (in  our 
own  regions,  but  especially  during  voyages  in  the  arctic  countries),  there 
are  noted  diminution  of  the  desire  and  possibility  of  moving,  followed  by 
inability  to  move,  dulness  of  the  senses  and  the  intellect,  stupidity,  irre- 
sistible inclination  to  sleep,  unconsciousness,  and  actual  death.  The  imme- 
diate cause  of  all  these  phenomena  is  probably  anaemia  of  the  brain. 

Waltueu  ( Virchow's  Archie,  XXV. , p.  414;  Berlin.  Centrnlblntt , 1804.  No.  61, 
and  1866,  No.  26)  has  performed  experiments  upon  the  influence  of  cold,  placing  the 
animals  in  a tin  box,  which  they  completely  filled,  and  which  box  was  wholly  sur- 
rounded by  a freezing  mixture  of  ice  and  salt — the  head  of  the  animal  being  allowed 
to  project  through  a small  opening  in  the  box.  An  animal,  cooled  to  18  or  20  C. , 
and  then  placed  in  a medium  of  the  same  degree  of  heat  as  that  proper  to  the  animal, 
was  not  able  to  recover  its  normal  temperature  (Bernard,  Le$on*,  etc.,  I860).  If 
the  animal  was  exposed  in  a slightly  colder  medium,  as,  for  example,  to  ordinary  air 
temperature,  it  became  cooler  and  cooler,  and  ultimately  died.  If  the  animal  was 
taken  out  of  the  tin  box  it  was  unable  to  stand  upon  its  feet,  but  lay  motionless  upon 
its  side.  Nevertheless,  voluntary  motion,  reflex  movements,  and  sensibility  per- 
sisted. The  heart  beats  became  very  few— reduced  to  18-20  per  minute.  The  respi- 
ration wholly  ceased,  or  became  very  rapid,  though  imperfect.  All  the  excretions 
were  suspended,  especially  the  urinary.  The  creature’s  eyes  remained  widely  open. 
A definite  degree  of  animal  heat,  at  which  the  functions  of  the  nervous  and  muscular 
systems  ceased,  could  not  be  made  out ; death  taking  place  under  various  circum- 
stances at  different  degrees  of  body-heat.  Animals  which  died  or  were  killed  during 
the  process  of  refrigeration,  exhibited  a constant  hyperamua  of  the  lungs,  with  serous 
exudation  in  the  parenchyma  and  bronchi.  In  white  rabbits,  which  died  by  freezing, 
Walther  saw  the  fundus  of  the  eye  become  quite  pale  just  before  death  : then  fol- 
lowed convulsions  and  death.  The  author  explains  this  phenomenon  by  anaemia  of 
the  nervous  centres  consequent  upon  the  diminished  heart’s  action.  Refrigerated 
animals  may  be  restored  to  the  normal  degree  of  heat  by  artificial  heating  to  39  C.  ; 
by  artificial  respiration,  only  when,  however,  the  temperature  of  the  surrounding  air 
is  not  more  than  2 or  8 C.  lower  than  the  normal  heat  of  the  animal.  The  means 
by  which  the  organism  is  overcome  in  the  conflict  with  approaching  refrigeration 
(heat-inanition)  are,  contraction  of  the  tissues  and  capillaries  in  the  superficial  parts 
of  the  body,  and  by  the  diminution  of  the  frequency  of  cardiac  contractions. 
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During  the  prolonged  action  of  an  elevated  temperature,  the  skin  first 
becomes  warm,  moist,  and  later  covered  with  a profuse  sweat;  the  respira- 
tions become  quicker,  the  pulse  is  smaller  and  accelerated.  Later  the  sub- 
jective feeling  of  heat  becomes  more  and  more  severe  and  more  disagreeable, 
the  skin  becomes  dry,  and  headache  supervenes.  With  peculiar  symptoms 
death  then  ensues  (sun-stroke  or  heat-stroke,  so  called). 

According  to  Fordtse,  Blaodkn,  and  others,  the  following  symptoms  have  been 
observed  in  men  exposed  to  a temperature  of  100  C.  and  over  : the  skin  is  much 
reddened,  the  inspiration  is  increased,  the  pulse  becomes  more  frequent,  and  the 
temperature  itself  rises  by  1 or  2 (some  2 or  2 , if  the  air  is  overcharged  with 
watery  vapor,  as  in  the  Russian  bath).  The  exposure  cannot  be  prolonged  beyond 
ten  or  fifteen  minutes. 

Obkhjuek  (in  his  work  entitled  Per  IliUuchiUtg,  1807)  has  made  an  experimental 
study  of  the  effects  of  high  temperatures  <40  C. ).  Animals  who  remain  a long 
time  exposed  to  a temperature  a few  degrees  higher  than  their  own  body-heat,  ex- 
perience  a rapid  increase  of  body  temperature  ; this  being  caused  by  the  interference 
of  a circumambient  high  temperature  with  radiation  of  heat  from  the  body.  This 
radiation  ceases  the  moment  that  the  temperature  of  the  air  equals  that  of  the  body'. 
In  such  a temperature  77  per  cent,  of  the  increased  beat  (in  mam  is  retained  in 
the  hotly,  unless  certain  regulators  of  body-heat  show  increased  function.  This 
moderation  of  increased  heat  is  brought  about  by  perspiration  and  increased  evu]>o- 
ration  in  the  heated  external  air  ; by  quickened  respiratory  movements  and  the  re- 
sulting loss  of  water  ; by  heating  of  the  blood  and  bloodvessels ; by  increased  mictu- 
rition. The  body-heat  is  notably  raised  by  movements,  especially  when  the  air 
temperature  is  nearly  equal  to  or  excels  the  body-heat.  The  rapidity  of  evaporation 
diminishes  with  the  greater  datnpnes-  of  the  air,  more  particularly  in  a cairn.  The 
animals  exhibit  very  much  increased  respiratory  and  cardiac  action.  If  their  body 
heat  reach  I I C.  there  usually  appear  strong  convulsions.  After  these  the  animals 
are  unconscious,  their  respirations  arc  deep  and  few.  the  pulse  hardly  perceptible, 
the  mucous  membranes  cyanosed.  They  die  with  a rapidly  increasing  body-heat 
(up  to  45  0.)  and  convulsions,  if  they  receive  neither  food  nor  drink  in  from  two  to 
four  hours.  The  heart  is  in  a paretic  state  even  before  death.  After  death  the  right 
side  of  the  heart  is  found  distended  with  blood,  the  lungs  and  brain  show  passive 
congestion. 

Wai.thkr  (Med.  Cen l ralblntt,  18(17,  No.  40)  him  experimentally  investigated  the 
act  ion  of  radiating  heat  upon  the  animal  frame.  He  found  that  rabbits  and  dogs  were 
killed  in  one  or  two  hours  by  the  direct  heat  of  the  sun  in  an  atmos;  heric  tetnjnsra- 
ture  of  21  -dl ' C.  During  this  period  the  heat  of  the  animals  (measured  in  the  rec- 
tum) measured  44  to  4*»  C.  The.  auimnls  thus  exposed  died  cyanosed,  with  ex- 
tremely rapid  respirations  and  heart-beats,  with  tetanus  and  dilatation  of  the  pupil. 
The  muscles  were  rendered  turbid,  appeared  distinctly  striated  in  the  longitudinal  and 
transverse  directions,  as  after  boiling. 

The  fmt  mortem  changes  observed  by  Orkrn’ikk  are  substantially  the  same  as 
linve  !>een  seen  in  human  beings  who  had  died  of  sun-stroke.  (Compare  Schmidt' » 
Jtihrb. , (JXXIX.,  p.  202.) 

The  general  influence  of  extremes  of  heat  and  cold,  as  they  occur  in  our 
temperate  climate,  is  not  unfavorable  to  the  performance  of  all  func- 
tions, because  the  organism  quickly  and  easily  accommodates  itself  to 
the  various  not  excessive  changes  of  temperature.  The  large  Iors  of  heat 
in  winter  causes  increased  heat  production,  and  the  less  dejierdition  of 
lnsat  in  summer  causes  a diminution  of  body-heat;  both  so  corresponding 
that  an  almost  uniform  temperature  is  the  result.  During  exposure  to 
cold,  tiie  low  temperature  and  the  diminished  cutaneous  circulation  dimin- 
ish the  radiation  of  body-heat,  and  the  perspiration,  thus  preventing  the 
cooling  by  evaporation.  During  exposure  to  heat  the  evaporation  of  the 
much-increased  perspiratory  secretion  is  a most  important,  refrigerating 
agent.  With  increasing  cold,  the  number  and  depth  of  the  respiratory 
movements,  the  carbonic  acid  of  the  expired  air,  the  volume  of  inspired 
uir,  and  the  absolute  quantity  of  carbonic  acid,  probably  also  the  aqueous 
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vapor,  as  wall  as  the  absorption  of  oxygen,  are  increased.  The  absolute 
amount  of  fixed  urinary  ingredients  is  augmented.  These  results  render 
possible  the  bearing  of  extreme  degrees  of  heat  and  cold,  especially  when 
those  parts  which  are  most  exposed  to  heat  (the  head),  and  those  which 
suffer  most  from  radiation  in  the  cold  (extremities,  nose,  ears),  can  be  pro- 
tected. Under  such  circumstances  the  limits  of  temperature  compatible 
with  human  existence  are  pretty  large.  An  atmospheric  temperature  of 
from  -f  1 2°  to  32°  C.  is  that  best  endured  by  the  human  body.  It  may,  how- 
ever, support  a heat  of  + 50°  C.  (which  is  felt  in  hot  countries  only  in  the 
sun),  and  a cold  of — 46°  C.  (which  may  be  met  with  in  Siberia).  In  order  to 
support  life  at  these  extreme  temperatures  it  is  necessary  that  the  body 
should  have  the  benefit  of  all  natural  aids:  in  order  to  resist  cold  one  must 
be  warmly  clad,  keep  up  active  movements,  and  eat  nutritious  food  ; in  hot 
weather  one  must  drink  a good  deal  in  order  to  obtain  cooling  by  the  evap- 
oration of  the  perspiration,  and  keep  quiet. 

Atmospheric  temperatures  which  equal  or  surpass  the  normal  body  heat  (37'  C.) 
become  difficult  to  bear,  because  our  skin  is  accustomed  to  feel  a cooler  surface  on 
the  outside  than  on  the  inside.  Habit  here  does  a great  deal : in  summer  a tempera- 
ture of  26  C.  is  delightful,  while  in  winter  it  would  appear  unendurable.  A few  de- 
grees of  heat  (10  to  16  C. ) are  very  agreeable  in  winter,  yet  at  such  a temperature 
in  summer  we  should  complain  of  being  cold,  even  if  we  were  warmly  clad. 

Endurable  temperatures  may  derange  health  in  two  ways  : either  by  their 
uniform  long  continuance,  or  by  sudden  variations. 

What  may  be  said  of  the  results  of  long-continued,  uniform,  extreme  tem- 
peratures, is  based  upon  the  comparative  statistics  of  diseases,  or  merely  of 
the  deaths,  studied  in  years  or  in  climates  in  which  high  or  low  tempera- 
tures have  prevailed.  The  general  result,  as  concerns  death-rate,  is  that 
the  greatest  mortality  occurs  in  the  coldest  months,  and  the  least  mortality 
in  the  warmest  months.  March  and  April  are  the  months  in  which  we 
find  the  greatest  number  of  deaths  in  the  climates  which  have  been  stud- 
ied. A large  proportion  of  these  deaths  are  not  caused  by  diseases  which 
have  developed  in  these  months,  and  which  consequently  were  influenced 
by  temperature,  but  by  older  affections,  which  have  gone  on  to  a fatal  ter- 
mination under  the  influence  of  temperature,  and  more  by  its  variations 
than  by  its  absolute  degree. 

It  is  interesting  and  even  more  important  to  attempt  to  ascertain  the 
number  and  nature  of  morbid  states  which  arise  under  varying  conditions 
of  temperature.  The  results  of  such  an  inquiry  are  different  in  various 
localities,  but  nowhere  do  we  obtain  a maximum  in  winter.  The  majority 
of  diseases  occur  either  in  the  spring,  or  in  the  summer,  or  are  equally  di- 
vided between  each.  As  regards  the  nature  of  disease,  we  can  say  with  accu- 
racy that  the  respiratory  organs  suffer  more  in  winter  and  spring  than  in 
summer,  and  in  tropical  countries  the  digestive  organs  and  the  glands  (the 
liver)  are  more  commonly  affected.  We  may  also  say  that  brain  affections 
in  general,  and  tetanus,  are  more  frequent  in  the  summer  ; sudden  deaths 
ancl  apoplexy  are  more  often  seen  in  winter  and  spring  than  in  summer  and 
autumn.  As  regards  epidemics,  cholera  and  dysentery  are  more  common 
in  summer;  scarlet  fever,  measles,  small-pox  most  frequent  in  winter  and 
spring  ; typhoid  fever  appears  most  often  in  summer,  fall,  and  winter,  sel- 
dom in  tlm  spring ; in  our  countries  intermittent  fever  appears  only  in 
spring  and  autumn.  Still,  in  epidemic  and  endemic  diseases  the  tempera- 
ture of  the  air  is  not  the  only  causal  influence,  as  is  best  seen  iu  the  case  of 
the  plague. 


“ CATCH  IX G COLD.”  G1 

The  organism  suffers  more  often  and  more  severely  by  sudden  changes  of 
temperature  tliau  by  a long  continuation  of  an  extreme  degree  of  heat  or 
cold,  and  even  by  the  contrast  of  temperatures  which  by  themselves  are 
perfectly  bearable  and  have  been  often  borne  without  evil  result.  This 
phenomenon  is  called  “ catching  cold,”  or  refrigeration.  This  operates 
to  the  most  marked  detriment  of  health,  if  the  differently  heated  air  is  in 
rapid  motion  (draught),  and  if  it  strike  against  a portion  of  skin  which  was 
previously  covered,  or  which  is  actually  perspiring. 

With  this  understanding,  “catching  cold”  may  be  designated  as  an  {etio- 
logical fact.  Of  the  truth  of  this  every  one,  even  the  most  incredulous,  may 
become  convinced.  But  this  letiology  is  often  misapplied  by  lay  people,  and 
by  some  physicians  referred  to  thoughtlessly,  and  the  phenomena  remain 
shrouded  in  much  darkness. 

Many  healthy  and  sick  persons  doubtless  expose  themselves  day  after 
day  to  changes  of  temperature,  and  yet  experience  no  evil  results.  If  the 
temperature  of  a room  be  -f-15°  and  that  of  the  outside  air  — lf>°,  we  ob- 
tain a difference  of  30°,  and  yet  fewer  people  catch  cold  in  the  depth  of 
winter  than  in  spring  and  summer,  when  the  difference  is  of  a few  degrees. 
In  cold  weather  we  take  particular  pains  to  protect  ourselves,  and  people 
of  a northern  climate  are  much  more  careful  in  this  respect  than  those 
of  southern  countries,  or  even  than  the  inhabitants  of  central  Germany. 
If  we  expose  ourselves  daily  to  such  changes  of  temperature,  we  can- 
not determine  with  accuracy  whether  a disease  which  appears  in  us  is  con- 
nected with  a refrigeration.  W hen  the  disease  has  made  its  appearance  it 
becomes  very  easy  for  every  one  to  remember  having  “caught  cdd.”  These 
considerations  are  not,  however,  sufficient  to  deny  the  possibility  of  the 
sequence.  Two  phenomena  testify  to  the  association  of  a disease  and  refrig 
era  lion : either  the  person  refrigerated  feels  disagreeably  at  the  time  of 
catching  cold,  soon  becomes  chilly ; or,  secondly,  there  soon  follow  general 
morbid  sensations,  and  the  beginning  of  decided  symptoms  of  disease.  This 
occurs  so  often  that  wo  are  authorized  to  assume  a relation  between  the 
refrigeration  aud  the  disease. 

The  diseases  which  certainly  arise  in  this  way,  are  particularly  the  so- 
called  rheumatic  affections  ; that  is  to  say,  those  morbid  states  of  the  joints 
and  muscles  attended  by  wandering  pains,  as  well  as  catarrh  of  the  mu- 
cous membranes — of  the  nose,  larynx,  bronchi,  of  the  intestines,  particu- 
larly of  the  large  intestines.  More  doubtful  is  the  connection  between  re- 
frigeration and  the  more  severe  endemic  and  epidemic  diseases,  concerning 
which  we  know  that  they  certainly  develop  without  refrigeration.  Still 
it  cannot  be  denied  that  in  cholera-seasons  refrigeration  may  be  the 
proximate  cause  of  an  attack  of  cholera  ; and  that  after  chilling,  an  inter- 
mittent fever  will  show  itself  after  the  individual  has  long  been  removed 
from  the  influence  of  the  miasm. 

Another  point  is  the  relation  of  the  chilled  surface  to  the  organs  lying 
near.  Refrigeration  of  the  neck  causes,  it  is  well  known,  catarrh  of  the 
larynx,  that  of  the  chest,  bronchitis;  a cold  in  the  head  is  easily  produced 
bv  passing  from  a warm  room  into  the  cold  air  (and  vice  versa)  ; disorders 
of  menstruation  are  produced  by  chilling  of  the  feet.;  diarrhoea  very  often 
is  set  up  by  refrigeration  of  the  skin  of  the  abdomen.  But  then  we  also 
meet  with  another  result,  viz.,  that  if  an  individual  has  a so-called  tender 
part  (pars  minor  is  resisUaUiae),  that  part  becomes  diseased,  no  matter  where 
the  chilling  may  have  acted. 

We  have  no  further  positive  knowledge  of  the  doctrines  of  refrigeration 
(catching  cold).  The  notions  which  have  been  advanced  concerning  the 
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connection  between  refrigeration  and  the  diseases  which  arise  from  it, 
are  separable  into  three  theories.  In  the  first  place,  it  is  claimed  that  the 
cutaneous  secretion  is  arrested  by  the  chilling,  that  consequently  injurious 
substances  are  retained  in  the  blood,  and  that  the  local  diseases  w hich  follow 
upon  the  chilling  depend  upon  the  deposit  of  these  substances.  All  three 
elements  upon  which  the  theory  rests  are  pure  fictions.  (1.)  It  is  by  no 
means  certain  that  the  exhalation  of  liquid  from  the  skin  can  be  mate- 
rially deranged  by  chilling:  (2.)  no  one  has  ever  seen  the  poisonous 
material  which  is  said  to  be  retained  in  the  blood  : and  (3.)  it  has  never 
been  discovered  in  the  diseased  part. 

Above  all,  the  phenomena  which  occur  after  a complete  arrest  of  the 
perspiration  by  varnishing  or  lacquering  of  the  skin  of  animals  deprived  of 
feathers  or  hair  in  nowise  resemble  those  which  ensue  after  catching  cold. 
A second  view  seeks  for  an  explanation  of  the  morbid  state  by  supposing  a 
transient  suppression  of  the  cutaneous  secretion  and  its  reaction  upon  tis- 
sue metamorphosis,  causing  in  a measure  a mechanical  reflux  of  the  animal 
liquids.  A third  theory  refers  to  an  affection  of  the  nerves  of  the  chilled 
skin,  and  to  their  connection  with  the  nerves  of  other  organs.  The  activity 
of  the  skin  exhibits  itself  in  the  excretion  of  sebaceous  matter,  and  of  water 
with  constituents  held  in  solution,  which  latter  appears  in  the  forms  of  swreat 
or  of  vapor  as  insensible  perspiration.  Because  of  its  purely  local  relations, 
and  of  its  incapacity  for  evaporation,  the  sebaceous  matter  may  be  left  out  of 
consideration.  The  aqueous  excretion  varies  extremely,  according  to  the 
degree  of  external  temperature  and  the  amount  of  corporeal  activity.  A 
draught  of  air,  however,  which  strikes  upon  a moist  surface,  must  produce 
a much  greater  refrigeration  of  the  part  than  if  it  passed  over  a dry  sur- 
face, and  in  the  first  case  its  influence  upon  the  tissues  of  the  skin,  and 
upon  the  nerves  in  particular,  must  be  more  intense  and  deeper  than  in  the 
second  case.  Furthermore,  the  energy  of  the  action  upon  the  peripheral 
expansion  of  a nerve,  or  upon  the  nerve  trunk  itself,  is  influenced  by  indi- 
vidual peculiarities.  We  may  well  conceive  that  by  a certain  degree  of 
refrigeration  other  nerve  tracts,  particularly  the  sensitive  and  vaso-motor, 
may  be  put  into  a state  of  irritation  through  their  connection  with  the 
chilled  nerves.  In  this  manner  the  influence  of  chilling  may  be  more  easily 
explained  than  by  the  assumption  of  an  arrested  exhalation  of  excretion 
products. 


The  dangerous  effects  of  arrested  perspiration  were  already  known  to  Santorio 
(1614).  There  are  experimental  researches  upon  this  subject  by  Fourcaui.T 
( Comptes  rendu*.  1888) ; Duettos  (Froriep's  Not.,  1841) ; Becquerei.  and  Dkkschet 
(Arch,  neu.,  1841,  XII.,  p.  517);  Gi.uge  (Abh.  z.  Phi /*.  u.  Path.,  1841);  Maoendie, 
(0<iz.  Med.,  1816.  Dec.);  Gehlach  (Muller's  ArcJiiv,  1851.  p.  467)  ; Valentin 
(Archir  f pity*.  He  ilk. . 1858.  p.  483);  Bernard  (Lefous  sur  les  propriety*  phys.  des 
liquide*  de-  Forganisme,  1859,  II.,  p.  177);  and  lately  by  Edeniiui/.en  (Zeitschr.  fii.r 
rut.  Mu!.,  C.  XVII.,  p 35). 

The  experiments  undertaken  by  Edenhuizen  upon  various  animals  before  or  after 
shearing  or  plucking,  by  means  of  different  substances  (mucilage  of  gum  arabic,  lin- 
seed oil,  linseed-oil  varnish),  showed  that  after  smearing  of  the  entire  surface  of  the 
body,  the  animal,  rabbits  for  instance,  died  in  from  5 to  53  hours,  after  having  exhibited 
the  following  symptoms  : great  trembling,  extreme  restlessness  and  dyspnoea,  together 
with  paralytic  symptoms,  tonic  and  clonic  spasms  followed  by  an  apathetic  state, 
with  rapid  diminution  of  body-heat,  of  the  respiratory  and  cardiac  movements.  The 
urine  was  in  most  cases  secreted  in  unusually  large  quantity,  was  of  a high  specific 
gravity,  and  sometimes,  after  a few  hours,  contained  albumen.  Examination  jm*t 
mortem Showed  hyperannia  of  the  muscles,  the  lungs,  liver,  and  spleen,  more  or  less 
marked  serous  effusion  in  the  serous  pouches  and  in  the  subcutaneous  connective 
tissue,  ecchymoses  of  the  gastric  mucous  membrane.  Wherever  the  coating  extended 


MOISTURE  OF  TIIE  AIR. 


63 


the  skin  was  found  also  hyperasmic.  Upon  its  internal  surface  there  appeared 
a strong  development  of  bloodvessels,  which  at  the  limits  of  the  varnish  coat  showed 
quite  a distinct  limitation  to  the  covered  parts.  Numerous  lymph-corpuscles  were 
found  in  the  serous  effusion  of  the  connective  tissue,  and  (also  in  the  peritoneum  of 
most  of  the  animals)  crystals  of  triple  phosphate  ; these  last  being  found  oven  when 
the  examination  was  made  immediately  after  death. 

C.  The  moisture  of  the  air.  The  atmosphere  Is  never  absolutely 
dry.  We  call  it  dry,  however,  when  it  does  not  contain  as  much  moisture 
as  it  might  contain  at  the  existing  temperature  ; saturated  when  it  does 
contain  as  much ; and  damp  wrhen  relatively  to  its  heat  it  holds  much 
water.  At  a higher  temperature  the  air  can  take  up  much  more  water  in 
a given  volume  than  at  a lower.  A warm  air  does  not,  however,  seem 
damp  to  us  because  much  of  the  water  it  contains  is  in  the  state  of  vapor ; 
a cooler  air  containing  the  same  amount  of  moisture  feels  damp  to  us 
because  its  water  is  easily  condensed,  the  more  so  when  the  fall  of  tempera- 
ture is  sudden.  The  dew,  the  dampness  of  our  clothing  are  indices  not  so 
much  of  the  absolute  moisture  of  the  air  as  of  its  cooling. 

The  air  is  di  vest  in  the  early  afternoon,  and  nioistest  about  sunrise. 

Other  things  being  equal,  the  body,  i.r.,  the  skin  and  the  lungs,  exhale 
more  water  when  t h air  is  dry,  less  when  it  is  damp,  fn  the  latter  case 
the  urinary  secretion  is  more  abundant,  in  the  former  scanty.  A cold  and 
meis+  air  withdraws  much  heat  from  the  body,  whereas  a warm  and  dry  air 
increases  the  body-heat ; cold  and  dry  air  increases  the  expenditure  of  heat 
from  the  body,  and  we  feel  much  colder  under  these  circumstances  than  in 
damp  air  of  a similar  temperature.  Cold  dry  air,  by  removing  much  fluid 
from  the  blood,  causes  congestion  of  the  lungs.  Warm  and  damp  air  most 
impedes  the  radiation  of  heat  from  the  body  through  the  skin  and  lungs, 
causes  exhaustion  of  the  muscular  and  nervous  systems,  restrains  the  res- 
piration, diminishes  the  appetite,  impairs  digestion,  and  increases  the  per- 
spiration. 

With  reference  to  epidemics,  no  results  have  been  obtained  from  the  estimation  of 
the  amount  of  moisture  in  air.  Mortality,  according  to  Casper.  seems  to  be  less  in 
damp  mouths,  and  greater  in  the  dry  (cold  or  hot) ; but  this  is  only  probably  depen- 
dent upon  the  extreme  degree  of  heat  and  cold. 

Pkttk.nkofkk  (in  Zeitsrhr.f.  lHob>g%*,  I.,  p.  1H1)  discusses  the  rtnxhi*  operand*  of 
wet  feet.  If  we  come  from  out  of  doors  with  wet  feet  into  a warm  room  with  dry 
nir.  a marked  evaporation  commences.  If  we  have  only  an  ounce  and  a half  of 
wet  woollen  material  on  our  feet,  the  water  it  coutaius  will  need  so  much  heat  for 
its  evaporation  that  with  it  a half  pound  of  water  might  be  raised  from  0 to  the 
boiling-point,  or  more  than  a half  pound  of  ice  melted. 

Fig  is  made  up  of  water  molecules.  It  is  not  included  in  the  moisture,  ft  arts 
principally  us  a cooling  agent,  and  does  not  diminish  the  capacity  of  the  air  for  the 
absorption  of  moisture. 

I).  Composition  of  the  air.  The  air  which  surrounds  us,  and  which 
we  breathe,  is  seldom  entirely  pure,  but  is  usually  adulterated  in  a greater 
or  lessor  degree.  The  substances  mixed  with  it  are  mechanically  or  chemi- 
cally injurious. 

These  facts  are  turned  to  practical  account  in  the  treatment  by  inhalation. 

(«.)  Mechanical  impurities.  Pulverized  substances  held  in  suspension 
iu  the  air  seldom  act  upon  the  skin,  but  do  so  more  often  upon  the  con- 
junctiva, where  they  produce  irritation  and  inflammation.  Their  effect 
upon  the  air- passages  is,  however,  most  important ; an  effect  frequently 
observed.  These  particles  are  in  part  caught  by  the  mucus  of  the  tubes. 
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then  expelled  by  means  of  the  vibratile  ciliary  movement,  and  by  hawking 
and  coughing.  A part,  however,  reach  the  air-vesicles,  penetrate  their 
epithelium  and  walls,  and  either  remain  imbedded  in  the  interstitial  tis- 
sue, or  are  carried  by  the  lymphatics  to  the  interlobular  and  sulrpleural  tissue 
(even  in  false  membranes  accidentally  present)  and  into  the  bronchial 
glands. 

The  inhaled  substances  are  for  the  most  part  dusts,  especially  street- 
dust,  chimney  and  lamp  soot ; more  seldom  substances  which  are  set  free 
during  the  industrial  development  of  their  activity  (coal-dust  by  workers  in 
coals,  by  men  employed  in  iron-works,  by  charcoal-makers ; sand-dust 
and  particles  of  flint  by  stone-cutters  and  grinders;  fibres  of  ilax,  cotton, 
etc.,  by  weavers ; meal  by  millers  and  bakers;  iron,  and  its  oxide  or  pro- 
toxide by  steel-grinders,  goldbeaters,  looking-glass  polishers,  and  others; 
tobacco-powder  by  tobacconists  ; color  particles  by  painters  ; silicate  of  alu- 
mina by  ultramarine-makers,  etc.). 

The  proofs  that  these  substances  are  inhaled  are  given  in  part  by  laryn- 
goscopic  observation,  in  part  by  the  examination  of  the  sputa,  but  chiefly 
by  a study  of  the  affected  organ  itself ; the  identity  of  substances  found 
in  the  organ,  with  those  known  to  be  suspended  in  the  atmosphere  being 
established  by  microscopical  and  chemical  methods.  This  succeeds  best  in 
the  case  of  certain  characterized  substances  (charcoal,  iron,  silicates,  etc.), 
while  in  the  case  of  such  as  resemble  the  melanine  grains  derived  from 
blood  pigment,  only  an  approach  to  certainty  can  be  reached.  And,  lastly, 
the  transportation  of  particles  can  be  experimentally  demonstrated;  for 
after  it  had  been  known  that  in  animals  subjected  to  the  same  conditions 
as  man,  a lung  affection  just  like  the  human  coal-lung  was  developed, 
experiments  upon  young,  or  confined  animals  gave  the  same  result. 

The  consequences  of  the  inhalations  of  dust-like  substances  depend  upon 
their  amount,  their  kind  (sharp  dust-particles,  such  as  those  of  granite, 
steel,  operate  most  injuriously),  and  the  condition  of  the  respiratory  pas- 
sages. They  consist  of,  in  the  first  |>lace,  irritation  of  those  passages,  with 
consecutive  hawking  and  coughing,  later  in  hyperseroia  and  catarrh  of  the 
bronchi.  The  substances  imbedded  in  the  lung  tissue  proper,  in  small  quan- 
tity, as  in  present  conditions  may  be  seen  in  human  beings  of  all  ages  (the 
so-called  lung  pigment,  anthrakosis  of  the  lungs),  do  no  particular  harm. 
Larger  quantities  cause  diminution  of  the  respiratory  surface,  diminution 
of  the  elasticity  of  the  lungs;  later  we  have  capillary  bronchitis,  catarrhal  or 
interstitial  pneumonia  (fibrous  or  purulent)  with  their  complications,  pig- 
mental induration  in  the  shape  of  small,  very  hard,  shot-like  nodules, 
which  are  sometimes  colored  black  throughout,  in  part  white  in  the  centre — 
bronchiectasis,  the  so-called  chronic  tuberculosis:  pneu in unokonio&is  an- 
thracotica , seder  otica,  chalicolica,  etc. 

Bubue,  De  Spa  done  hijrpocratico  lapicidarum  Seebcrgensivm,  etc.  Italle,  1721. — 
Rama/.zini,  De  mortis  artijicum,  1717. — Pearson,  Phil.  Trans.,  1813,  II.,  p.  1.7!). — 
Laennbc,  Traite  de  Pauscvlt.  medicate,  1811). — E.  H.  We  her,  Ifildebr.  Aunt.,  1882, 

IV.  n 211) Gregory,  Edinb.  Med.  and  Burg.  Journal.  18)31,  XXXVI..  p 389.— 

\V.  Thomson,  Med.-Chir.  Trans.,  1837.  XX..  p.  230.  1888,  XXI.,  p.  841.— Graham. 
Edinb.  Med.  and  Burg.  Journal,  1834.  XLII.,  p.  323.— 13  kook  man  x,  l)u  no  hill. 
Kraulh,  des  Oberharm.  1851. — Traobe,  Deutsche  Klinik , 1860,  No.  49  u.  50.— Ber- 
lin. /clin.  Woe, hense.hr.,  18(56,  No.  3.— Yii.earet,  Cos  rares  d'anfhrac.,  1862.— CroCQ, 
Press,,  med.  Edge,  1862,  No.  37  ff.—  Lkwin,  lleitr.  z.  Jnhal.-Therap.,  1863.— Kvss- 
maul,  Arch.  f.  1dm.  Med,,  1866.  II.,  p.  69.— Zenker,  Ibid,,  ]>.  116.— Rosenthal, 
Wiener  Med.  Jahrb.,  1866,  XI.,  p.  1)7.— Knadee.  Virchow's  Archie,  1867,  XXXIX..  p. 
442. — Slav jansky,  Ibid.,  1869,  XLVIII.,  p.  326. — Merkel,  Archer  f.  /din.  Med., 
1871,  VIII.,  p.  206,  IX.,  p.  66.— Hirt,  Die  Staubinhalations/crank. , 1871. 
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For  the  parasitic  forms  contained  in  the  air,  vide  infra. 

The  various  striking-  colors  of  the  hair  (green,  red,  blue)  are  produced  by  the  de- 
posit of  various  pigments  (copper,  indigo,  etc.),  and  not  by  true  chemical  combina- 
tions. 

/3.  Chemical  Impurities. — The  gaseous  constituents  of  the  air  in  open  and 
in  ordinary  inclosed  spaces  do  not  undergo  as  much  change  as  one  might 
expect  they  would.  The  proportion  of  oxygen  and  nitrogen  always  remains 
the  same  (21  volumes  of  rtxygeu,  79  volumes  of  nitrogen)  even  in  over- 
crowded rooms;  there  appear,  however,  in  such  places  a small  increase  of 
carbonic  acid,  some  ammonia,  the  fluid  acids  of  the  sweat,  as  well  as  occa- 
sionally the  putrid  organic  substances  of  evaporation.  The  best  known  of 
these  changes  consists  in  the  proportion  of  carbonic  acid,  of  which  normal 
air  contains  from  3 to  8 parts  in  10,000.  If  the  amount  surpasses  1 per 
cent.,  the  atmosphere  becomes  unhealthy;  if  there  be  more  than  ^ per  cent, 
it  will  do  harm  if  long  breathed. 

Although  it  is  certainly  more  healthy  to  breathe  pure  air,  yet  it  cannot 
be  said  that  definite  diseases  are  produced  by  air  made  impure  by  human 
exhalations.  If  factory  hands,  children  who  overfill  school-houses,  look 
pale,  are  amemic  and  scrofulous,  it  must  also  be  borne  in  mind  that  they 
cannot  procure  many  things  essential  to  good  health,  such  as  nutritious 
food,  etc. 

The  contamination  of  the  air  by  large  amounts  of  carbonic  acid,  carbonic 
oxide,  hydrogen,  ammonia,  carlniretted  hydrogen,  arseniu retted  hydrogen, 
ether,  chloroform,  some  of  which  act  in  a negative  way  (asphyxia  by  car- 
bonic acid,  nitrogen,  hydrogen),  others  doing  j*ositive  injury  (carbonic  ox- 
ide, carburettod  hydrogen,  sulphuretted  hydrogen,  arseniuretted  hydrogen), 
will  be  treated  of  under  the  head  of  poisons. 

Gases  and  mixtures  of  gases,  in  their  relation  to  respiration,  arc  divisible  into  four 
groups  (ViEHoHivr,  Kanke,  Hermann)  : 

1.  Atmospheric  Air. — This  alone  can  lie  breathed  indefinitely  long.  In  uncon- 
fined spaces  its  composition  is  always  found  uniform,  and  even  in  closed  rooms  in 
which  there  are  many  persons  congregated,  the  CO*  cannot  easily  surpass  1%,  Pet- 
TKNKofer  found  1 part  in  1,000  parts  of  air  in  a sitting-room  without  ventilation, 
in  a lecture-room  from  1 to  3,  in  a school-room  7 (others  as  much  as  0.4),  in  a com- 
mon room  at  an  inn  (after  guests  had  been  in  it  several  hoars)  4 to  5-parts.  Lkhlanc 
found  in  the  parterre  of  a theatre  15  parts  p.  m.  (per  millei,  in  the  highest  part  of  the 
theatre  28  parts  p.  in.  of  CO,  after  the  performance.  A-  soon  as  air  contains  more 
than  2 to  3 parts  p.  in.  of  CO,  it  becomes  offensive  to  ns,  by  reason  of  the  admixture  of 
certain  organic  products  of  exhalation,  whose  exact  nature  is  unknown. 

Caul  Breitisu  ( \ iertt’jahnb.  f.  nff.  Ge*undhtU»pflege , 1870.  II.,  p.  17)  has  given 
us  information  concerning  the  increase  of  carbonic  acid  in  school-rooms  during  the 
hours  of  instruction.  In  a school-room  he  found  : 
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Small  relative  increase  of  oxygen  occurs  under  a high  barometer  iu  cold  weather ; 
a diminution  is  observable  in  long,  hot  summers,  in  tropical  climates,  in  mid-ocean, 
and  upon  high  mountains.  Greater  increase  of  oxygen  is  made  use  of  for  therapeu- 
tical purposes  in  the  so-called  pneumatic  cabinets  (see  p.  50). 

2.  Gases  which,  while  not  positively  injurious,  do  harm  iiy  excluding 
Oxygen — Nitrogen  aud  hydrogen,  and,  to  a degree,  carbonic  acid.  Asphyxia  occurs 
because  the  inspired  air  does  not  contain  oxygen  enough  to  supply  to  the  blood-cor- 
puscles the  quantity  required  for  the  maintenance  of  the  normal  composition  of  the 
blood.  In  an  atmosphere  composed  of  these  gases,  the  sense  of  want  of  breath  is 
felt  as  soon  as  blood  issues  from  the  lungs  in  a venous  stute  ; mammals  are  apj mreutly 
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dead  in  2 to  3 minutes  Inter.  In  pure  nitrogen  gas,  cnrbonicacid  is  separated  from 
the  blood,  and  nitrogen  taken  up,  but  only  in  small  quantities.  Similar  phenomena 
are  observed  during  the  inhalation  of  hydrogen,  and,  to  some  extent,  during  that  of 

•>.  Mixture  op  Gases  of  tiie  Second  Group  with  Oxygen. — If  the  nitrogen 
of  the  air  be  replaced  by  hydrogen,  the  animal  continues  to  breathe  without  diffi- 
culty ; an  increase  in  the  absorption  of  oxygen,  as  well  as  in  the  exhalation  of  car- 
bonic acid  and  nitrogen,  takes  place,  the  hydrogen  remaining  almost  unaltered.  In 
a certain  sense,  protoxide  of  nitrogen  is  a substitute  lor  oxygen.  It  may  be  inhr.ied 
in  large  quantities,  causing  exaltation  symptoms,  a condition  like  drunkenness,  etc. 
Under  these  circumstances  much  of  it  is  absorbed,  and  from  its  decomposition  car- 
bonic acid  and  nitrogen  are  given  off. 

4.  Gases  which  are  positively  Injurious. — They  produce  decompositions 
when  taken  into  the  blood  ; many,  such  as  chlorine,  ammonia,  the  nitrites,  also  pro- 
duce strong  irritation  of  the  respiratory  organs,  abundant  secretion  from  the  bronchi, 
cough,  and  laryngismus.  Among  the  most  poisonous  gases  are  carbonic  oxide,  carbu- 
retted  hydrogen,  sulphuretted  hydrogen,  arseniuretted  hydrogen.  Carbonic  oxide, 
to  which  ingredient  ( 10,  12,  and  more  per  cent.)  illuminating  gas  owes  its  poisonous 
properties,  unites  with  the  coloring  matter  of  the  blood  to  fonn  a carbonate  of  htem- 
oglobin,  and  by  it  oxygen  is  wholly  driven  out  of  the  blood.  Blood-corpuscles  charged 
with  carbonic  oxide  cannot  take  up  any  more  oxygen  ; the  blood  is  of  a dark  cherry- 
red  color.  The  poisonous  gases  in  privy-vaults  are  carbonic  acid  and  sulphuretted 
hydrogen.  The  carbonic  acid  acts  in  part  negatively,  in  part  positively,  by  an  action 
upon  the  oeutral  nervous  system  ; it  suddenly  kills  ganglion -cells.  The  sulphuretted 
hydrogen  acts  by  losing  its  hydrogen,  which  forms  water  in  the  blood,  thus  setting 
sulphur  free;  the  blood  is  at  first  yellowish  green,  later  black. 

Ozone  deserves  a special  mention.  It  is,  as  is  well  known,  a modification  of  oxygen, 
which  has  greater  oxidizing  power,  and  which  is  set  free  by  every  discharge  of  elec- 
tricity, and  also  during  sudden  processes  of  oxidation,  as,  for  example,  when  phos- 
phorus is  shaken  with  air  even  in  the  dark.  Ozone  plays  an  exceedingly  important 
part  in  the  animal  organism  in  its  relations  to  respiration. 

It  cannot  be  doubted  that  the  blood-corpuscles  carry  the  oxygen  of  the  atmosphere 
into  its  chemical  activity.  A proof  of  this  is  afforded  by  the  behavior  of  hydrocy- 
anic acid.  When  it  is  introduced  into  the  blood  in  small  amount,  it  causes  death  by 
asphyxia,  by  bringing  about  a cessation  of  oxidation  processes  and  metamorphosis  of 
tissue ; added  in  similar  proportion  to  blood-corpuscles  it  destroys  their  capacity 
(which  they  have  in  the  same  way  as  platinum)  of  decomposing  the  peroxide  of  hy- 
drogen. Hydrocyanic  acid  also  destroys  the  power  of  blood-corpuscles  to  change  the 
condition  of  oxygen,  and  thus  demonstrates  the  very  intimate  relations  existing  be- 
tween the  corpuscles  and  this  element.  Hence  follows  the  great  importance  of  ozone 
in  the  vital  processes. 

Physicians  are  altogether  too  much  inclined  to  connect  the  ozone  of  the  air  with 
diseases.  Inasmuch  as  ozone  irritates  the  mucous  membranes,  for  a long  time  all 
epidemic  diseases,  particularly  influenza,  were  thought  to  be  dependent  upon  an  in- 
crease in  the  amount  of  ozone.  In  the  last  two  years  the  ozone  contained  in  the  air 
has  been  frequently  and  thoroughly  investigated.  These  investigations  have  shown 
no  special  relation  of  ozone  to  inflammatory  diseases,  which  it  should  have  increased, 
and  none  to  miasmatic  affections  (typhoid  fever,  cholera)  in  which  it  was  thought  it 
would  be  diminished. 

Ozone  may  influence  health  by  destroying  fetid  gases  which  develop  from  decom- 
posing animals  and  vegetables.  The  therapeutical  use  of  ozone  against  acute  and 
chronic  diseases,  particularly  the  so-called  septic  diseases,  has  been  of  late  again 
recommended. 


e.  the  electricity  of  the  atmosphere. 

That  lightning  sometimes  suddenly  kills  men  and  animals,  sometimes 
hunes  and  stuns  them,  is  well  known.  Wounds  are  not  always  found  in 
these  cases.  It  is  also  known  that  the  muscles  contract  when  an  electrical 
current  is  applied  to  them,  or  broken.  It  is  a very  different  thing,  however, 
with  the  electricity  of  the  atmosphere  and  its  degree  of  tension.  Its  influ- 
ence upon  health  is  very  questionable,  or  at  least  little  understood. 

For  a study  of  the  electricity  of  the  skin,  see  Ivlemm,  Deutsche  KlmrJc , 
1872,  No  41,"  48. 


WIND  AND  LIGHT. 


67 


f.  MOVEMENTS  OF  THE  AIR. 

A calm  is  dangerous,  because  during  its  continuance  the  products  of  de- 
composition of  animals  and  plants,  as  well  as  marshy  exhalations,  are  not 
dis[>eraed.  The  warmer  the  air  the  more  dangerous  is  the  calm. 

We  call  it  a calm  when,  in  the  open  air,  the  atmospheric  current  does  not  exceed 
one-half  metre  per  second  (PETTENKOPKll). 

A moderate  wind  is  wholesome,  since  it  purifies  tin*  air  by  promoting 
diffusion  of  its  constituents.  It  occasionally  becomes  injurious  by  trans- 
porting dust  and  miasmata.  Strong  winds  are  dangerous  for  those  having 
pulmonary  diseases,  because  they  render  respiration  more  difficult. 

The  direction  of  winds  is  of  interest,  because  upou  that  depend  the  heat 
and  moisture  of  the  air.  East  winds  are  cold,  or  cold  and  dry  ; northerly 
winds  cold,  and  oftener  damp  than  dry;  westerly  winds  are  damp;  south 
winds  warm,  sometimes  damp,  sometimes  dry.  The  influence  of  winds  upon 
the  conditions  of  some  few  healthy  persons,  and  many  persons  with  pulmonary 
disease,  is  very  various.  Their  influence  upon  the  development  of  disease  is, 
however,  very  obscure.  With  north  and  easterly  winds  catarrhs  are  made 
worse ; pulmonary  diseases  are  set  up  during  the  prevalence  of  any  other  wind 
as  well,  and  particularly  on  spring  days  with  westerly  winds,  on  cold  days 
with  an  east  wind.  The  dry  south  wind  of  southern  countries  called  Fohn 
in  Switzerland,  Sirocco  in  Italy,  Chamsin  in  Egypt,  is  very  exhausting,  and 
has  a peculiarly  evil  influence  upon  new-born  children  ami  new-comers 
(immigrants). 

g.  LIGHT. 

The  optic  nerves  may  suffer  from  too  much  aud  from  too  little  light;  and 
conjunctivitis  may  also  be  produced  by  dazzling  by  snow,  or  by  sand  parti- 
cles. Excited  or  maniacal  persons  become  calm  more  easily  in  the  dark 
than  in  the  light.  We  cannot  positively  say  that  light  is  quite  as  neces- 
sary for  animal  life  as  for  the  vegetable  organization.  It  is  true  that  per- 
sons inhabiting  dark  places,  deep  valleys,  that  chamber  workmen  become 
ansamie  and  scrofulous;  and  it  has  even  been  asserted  that  cretinism  was 
caused  by  the  darkness  of  narrow  mountain  valleys.  Such  questions  are 
not  so  easily  solved,  because  many  other  influences,  such  as  dampness,  in- 
sufficient food,  etc.,  co-operate  to  produce  the  result 

Winslow,  Light : it#  Influence  on  life  and  Health,  London.  1^(7. — For  the  influ- 
ence of  light  upon  the  development  of  various  diseases  of  the  eye,  particularly  myo- 
pia, consult  Cohn. 

No  other  influence  can  be  attributed  to  the  sun  than  that  of  beat  ami 
light.  This  is  very  important  for  the  preservation  of  health,  inasmuch  as 
the  movements  of  the  air  of  dwellings  is  facilitated  by  it,  and  bv  it  the  air 
is  kept  dry.  Convalescents  are  always  very  comfortable  in  the  sunshine. 

We  do  not  know  of  any  effect  of  the  moon  upon  the  origin  and  course  of 
disease. 

Tin*  influence  of  weather  and  of  seasons  is  made  up  of  the  already  studied 
factors — heat,  moisture  of  the  air,  etc.  In  the  matter  of  climate  (vide  infra) 
we  must,  besides,  take  the  soil  conditions  into  account;  and,  besides,  the 
kind  of  food,  clothing,  dwelling,  have  an  influence  which  is  not  wholly  to 
be  eliminated. 

As  regards  seasons  and  weather,  the  most  important  points  have  already 
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(see  ]).  GO)  been  spoken  of.  Sudden  changes  are  the  most  effectual  condi- 
tions ; thus  there  is  an  increase  in  tlie  number  of  cases  of  disease  upon  the 
recurrence  of  the  first  cold  of  winter  (pneumonia,  especially  in  children 
and  old  persons)  ; in  the  spring  the  first  warm  days  with  east  and  north 
winds  (catarrhs,  pneumonia);  the  summer  time  being,  however,  particu- 
larly dangerous,  if  cold  nights  succeed  very  warm  days  (cholera,  dysen- 
tery). 

In  general  it  may  be  said,  that  damp,  rainy,  cool  weather  is  healthier 
than  fine  weather  with  dry  air  ; more  severe  diseases  occurring  in  the  lat- 
ter condition. 


2.  THE  SOIL. 

The  geognostic  constitution  of  the  soil  exerts  an  influence  upon  man 
partly  by  the  so-called  soil-water  which  it  contains,  and  partly  by  the  drink- 
ing-water which  flows  through  it. 

Wherever  there  is  not  under  us  naked  solid,  impenetrable  rock,  we  find 
water  under  a number  of  porous  layers  of  earth.  This  water  fills  the  pores 
of  the  strata  in  which  it  is  ; filling  those  in  the  lowest  strata  completely, 
excluding  the  air  wholly,  and  is  then  called  underground  water;  or,  it  lies 
in  close  relation  to  air  as  it  does  just  above  the  surface  of  the  underground 
water,  in  which  case  the  layers  are  termed  moist. 

As  a rule,  the  underground  water  is  found  in  greater  or  less  quantities 
upon  the  uppermost  stratum  which  is  impervious  to  water,  and  is  usually 
sufficient  to  supply  the  wells  of  the  locality.  Usually  it  is  found  only  in 
a single  stratum,  though  we  not  rarely  meet  with  another  (or  several) 
impermeable  layer  above  the  water,  on  top  of  which  a moderate  amount 
of  water  exists,  at  least  temporarily — the  so-called  stratum  water.  This 
usually  will  not  suffice  for  the  feeding  of  wells,  and  often  disappears  in 
droutliy  seasons.  In  the  making  of  wells  care  is  taken  to  traverse  these 
sources  of  stratum  water  in  order  to  reach  the  underground  water  proper. 
Even  if  stratum  water  be  found  in  abundance,  it  is  not  usually  fit  tor  use, 
being  often  contaminated  by  its  proximity  to  the  surface.  The  depth  at 
which  underground  water  is  found,  varies  from  five  to  twenty  to  thirty 
metres  and  over.  The  impervious  stratum  upon  which  it  rests  is  usually 
a clayey,  moderately  hard  rock  ; upon  this  there  are  loamy  and  sandy  layers 
of  variable  extent  and  thickness,  interspersed  here  and  there  with  clay, 
which  allows  of  the  accumulation  of  stratum  water ; next  there  is  the  so- 
called  roller  layer,  made  up  of  larger  stones;  above  all  lies  the  humus. 
All  these  layers  are  filled  with  air,  are  temporarily  or,  as  a rule,  more  or 
less  moist ; the  dampest  layers  are  neai’est  the  underground  water,  and 
are  sometimes  invaded  by  it.  The  amount  oi  underground  water  at  a 
given  spot  depends  upon  : — first,  and  principally,  upon  the  amount  ot  atmos- 
pheric precipitation  ; second,  upon  the  flow  of  water  from  higher  localities; 
and  lastly,  upon  the  amount  of  water  in  streams.  Local  complete  absence’ 
of  water  is  due  to  hilly  or  wave-like  upheaval  of  the  impervious  strata ; a 
superabundance  of  water  is  produced  by  a basin-like  depression,  in  which 
the  water  of  higher  places  accumulates.  The  abundance  of  water  in  a 
locality  must  of  necessity  vary  at  different  times,  according  to  the  atmos- 
pheric precipitation  and  the  flowing  in  from  other  sources.  By  means  of 
repeated  systematic  measurements  in  various  places,  variations  in  the 
amount  of  underground  water  have  been  observed,  especially  since  atten- 
tion has  been  attracted  to  their  importance. 

The  variations  in  the  amount  of  underground  water,  which  can  he  well  repre- 
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seated  for  localities  by  carves,  with  tolerably  regular  abscissa?,  have  undoubtedly  great 
influence  upon  the  origin  of  certain  epidemic  diseases,  especially  typhoid  fever  and 
cholera.  For  example,  the  number  of  cases  of  typhoid  fever  in  Munich  (and  appar- 
ently also  in  Berlin)  increases  with  a diminution  of  the  underground  water,  and  de- 
creases with  its  accumulation.  Epidemics  of  cholera  show  themselves  immediately 
after  a considerable  decrease  of  underground  water  has  taken  place.  In  these  phe- 
nomena the  important  factor  seems  to  be,  that  the  disappearance  of  the  water  sets 
free  a certain  number  of  injurious  decompositions  of  organic  substances  from  the  yet 
moist  strata  ; these  products  being  taken  up  by  the  air  of  the  ground,  and  by  it 
transported  into  human  dwellings.  It  is  in  the  highest  degree  doubtful  that  the 
underground  water  can  directly  exert,  by  carrying  these  substances  into  the  drinking 
water,  a morbific  influence. 

The  air  contained  in  the  ground  above  the  ground- water  layers,  occupies, 
as  we  can  convince  ourselves  without  a minute  examination,  a great  space; 
it  may  equal  and  surpass  one-third  of  the  total  mass  of  earth.  This  air  is 
carried  upward  into  our  habitations,  since  it  is  never  continuously  still.  It 
is  set  in  motion  by  everything  which  can  disturb  gases,  such  as  gusts  of 
wind  on  the  surface  of  the  earth,  changes  of  temperature,  etc.  And  this 
mobility  of  the  ground  air  is  not  diminished  by  the  frozen  hardness  of  the 
ground  in  winter,  since  the  change  of  water  into  ice  is  not  accompanied  by 
anv  loss  of  porosity.  A consideration  of  the  relations  of  ground  air  to 
health,  makes  plain  the  great  iiiq>ortance  of  scrupulous  cleanliness  in 
the  vicinity  of  human  dwellings,  ami  the  necessity  of  keeping  the  earth 
pure;  points  to  which  such  extraordinary  importance  has  been  attached  in 
recent  times  for  the  prevention  of  diseases.  For  filthy  liquids  which  pene- 
trate the  ground  must  gradually  undergo  decomposition  by  chemical  pro- 
cesses, and  give  origin  to  deleterious  gases,  etc.,  which  may  be  carried  into 
houses  along  with  the  ground  air. 

It  is  probable  that  the  spread  of  cholera  from  house  to  house,  in  a given  locality, 
occurs  in  some  such  way.  In  England  it  has  been  demonstrated  on  a large  scale, 
that  systematic  purification  of  the  ground,  by  the  building  of  sewers,  and  by  pro- 
hibiting the  building  of  sunken  or  pit-like  privies,  exerted  a most  beneficial  influence 
upon  public  health.  By  these  means  was  brought  about  the  cessation  of  murderous 
epidemics,  and  the  mortality  consequently  diminished  by  an  important  amount. 

It  is  probable  that  the  CO.  which  is  more  abundant  in  the  deeper  strata, 
derives  from  organic  processes  which  take  [dace  in  the  soil. 

But  it  is  not  ground  air  alone  which  acts  as  a cause  of  ill  health,  for  drink- 
ing water  may  under  certain  circumstances  exert  an  evil  influence,  or  at  any 
rate  it  is  often  not  without  reason  suspected  of  being  a cause  of  disease. 
This  is  the  more  probable,  if  the  water  contain  visible  impurities,  and  especi- 
ally if  it  be  contaminated  by  organic  substances  (sewage.)  Not  less  impor- 
tant is  the  surcharge  of  calcareous  salt ; this  Wing  the  supposed  cause  of 
goitre,  cretinism,  etc. 

Wit  h respect  to  goitre,  we  have  the  statement  of  FaLCK  relating  to  France,  to  the 
effect  that  it  occurs  more  especially  upon  the  following  formations  : the  Lias,  t he  upper 
new  red  Sandstone  ; their  equivalents,  the  variegated  Sandstone,  and  shell-limestone, 
the  Permian  and  upper  Magnesian  strata.  Ou  the  contrary,  it  very  rarely  occurs  over 
primitive  rocks,  such  as  granite  ; on  transition  rocks,  such  as  Grauwacke  and  Schist, 
the  mountain  limestone,  Carboniferous  strata  ; and  also  as  seldom  upon  more  recent 
formations,  the  Chalk  and  green  Sandstone,  with  the  various  members  of  the  Ter- 
tiary Group. 

Water  of  marshes,  when  used  for  drinking  purposes,  most  surely  produces 
sickness;  for  example,  malarial  fever,  in  some  places  of  a malignant  type. 

Another  way  in  which  the  ground  water  operates  injuriously  is  by  satu* 
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rating  the  walls  of  houses,  thus  preventing  the  entrance  and  exit  of  fresh 
air  ; in  other  words,  dampness  of  walls  is  a great  hindrance  to  ventilation. 
This  condition  is  in  great  measure  the  cause  of  the  great  frequency  of  pul- 
monary phthisis  in  damp  houses  and  localities. 

This  last  point  has  been  made  clear,  especially  by  English  studies.  Populations 
dwelling  on  dry,  sandy  soils,  showed  a small  prevalence  of  phthisis,  while  the  disease 
was  very  common  in  people  living  upon  a damp,  clayey  ground.  In  fifteen  English 
towns  the  mortality  from  phthisis  diminished  from  11  to  4!)  per  cent.  (!)  after  drying 
of  the  subsoil  by  means  of  proper  sewerage. 

[Consult  H.  L.  Ilowditch,  Consumption  in  New  England , Boston,  18G2. — Ed.] 

Another  interest  attaches  to  the  soil,  that  relating  to  its  modification  of 
atmospheric  pressure,  of  the  temperature,  purity,  dampness,  and  the  move- 
ments of  air,  and  to  its  influence  upon  the  nature  of  food.  In  general,  the 
inhabitants  of  mountainous  districts  are  stronger  and  more  enduring;  yet 
the  higher  we  ascend  the  poorer  vegetation  appears,  and  man  suffers  chiefly 
in  his  nutrition,  without  being  attacked  by  any  special  disease.  Barren 
and  bare  elevated  regions  have  delicate  inhabitants,  and  we  there  meet 
even  with  intermittent  fever  alongside  of  goitre,  cretinism,  scrofula.  The 
same  is  true  of  deep,  elevated  valleys.  In  low  valleys  there  is  a greater 
draught  of  air  the  straighter  they  are ; rheumatic  affections  prevail.  In 
plains  the  irrigation  is  of  especial  importance.  In  the  neighborhood  of  the 
sea  the  temperature  is  on  the  whole  more  uniform;  chilliness  being  more 
felt  in  many  prevailing  winds.  The  healthiest  residence  is  upon  the  banks 
X)f  a rapidly  flowing  stream.  The  most  dangerous  parts  are  lowlands  and 
marshy  regions,  and  this  in  proportion  to  the  heat,  as  in  summer  and  in  the 
south.  In  such  regions  not  only  intermittent  fever,  but  also  cholera,  dys- 
entery, and  catarrhal  diarrhoea  (especially  in  children),  occur  frequently,  es- 
pecially in  new-comers.  There  is  special  danger  in  uncultivated  regions,  or 
where  a previously  fertile,  peopled,  and  healthy  section  is  desolated. 

3.  THE  CLIMATE. 

By  climate  is  understood  the  sum-total  of  all  influences  derived  from  the 
atmosphere  and  soil.  It  is  possible,  from  a consideration  of  these  phenom- 
ena, to  make  a tolerably  accurate  estimate  of  the  salubrity  of  a given  cli- 
mate. It  is,  however,  further  necessary  to  know  the  mortality  and  mor- 
Lility  * of  a locality  in  order  to  proceed  upon  perfectly  safe  ground.  It 
is  further  to  be  noticed  that  the  totality  of  native  inhabitants  to  whom  the 
mortality  reports  refer,  is  often  prevented  by  other  than  climatic  condi- 
tions, as  social  or  political  influence,  from  sharing  the  advantages  of  the 
climate;  whereas  an  independent  foreigner,  who  can  procure  the  best  lodg- 
ings and  food,  obtains  the  benefit  of  the  climate  and  its  healthful  influences. 
This  is  true  of  many  places  in  the  south. 

The  chief  influence  of  the  ocean  upon  climate  consists  in  its  moderating 
the  heat  of  summer  and  the  cold  of  winter  (the  so-called  marine,  or  coast,  or 
island  climate). 

The  chief  influences  of  forests  upon  climate  are  that  wooded  regions  have 
cooler  summers  and  warmer  winters  than  those  deprived  of  woods ; that  daily 
variations  of  heat  are  less  in  forests;  that  the  forests  so  modify  evaporation 
from  the  soil  and  leaves,  that  stationary  strata  of  air  just  above  woods  are 
warmer  than  over  barren  soil,  field  or  meadow. 

* The  German  word  viorbilitat  is  so  correct  a name  for  the  condition  that  we  ven- 
ture to  offer  its  literal  translation  as  a new  English  medical  term. — [Ed.] 
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With  respect  to  their  peculiarities  as  adjuncts  to  medical  treatment,  cli- 
mates have  been  divided  into : (1)  Alpine,  (2)  sub- Alpine,  (3)  midland,  or 
indifferent,  (4)  marine  climates.  Into  this  classification  there  enter  the 
great  factors  of  atmospheric  pressure,  heat,  and  moisture.  An  Alpine  cli 
mate  may  be  designated  as  cool-dry,  the  sub-Alpine  as  cool-moist,  the  mid- 
land as  warm-dry,  and  the  marine  climate  as  warm-moist. 

A person  beginning  to  live  in  a climate  new  to  him  easily  becomes  ill. 
The  acclimation  diseases,  so-called,  are,  apart  from  endemic  and  infectious 
diseases,  nearly  always  gastric  and  intestinal  catarrhal  affections. 

A new  science,  medical  geography,  has  sprung  from  climatology.  The  geo- 
graphical distribution  of  disease,  if  studied  in  relation  with  its  causes,  affords  im- 
portant results  in  pathology,  in  aetiology,  and  therajieutics.  Compare  Muhry,  Kli- 
matobtgitehe  l ntermeh.,  1838;  and  particularly  Qikscu,  Hnndb.  drr  histor.-gfograph. 
Pathol.,  1859  u.  i860;  Boldin,  Geog.  tnedi&Ue,  vols.  ii. , 1856;  Blodgett,  Climat- 
ology of  the  United  State*,  Phil.,  1857. 

The  mortality  of  a district  is  to  be  measured  by  the  proportion  existing  between 
the  annual  deaths  and  the  number  of  inhabitants.  If,  for  example,  a city  has  70,000 
inhabitants,  and  1,500  people  die  in  it  each  year,  we  say  that  this  city  has  a mortal- 
ity of  1,500  : 70.000  = 15  : 700  1 : 46.6. 

There  occurs  in  the  north  of  Europe  1 death  for  each  41.1  inhabitants. 

middle  ••  l “ “ 40.8 

“ “ “ southern  “ 1 “ “ 83.7  “ 

For  rate  in  various  countries  and  cities,  see  p.  35. 

Among  the  diseases  which  prevail  in  more  or  less  limited  territories  are  the 
following  : 

The,  Plague,  that  is,  the  oriental  boil  plague,  which  makes  its  appearance  on  the 
eastern  shores  of  the  Mediterranean,  particularly  in  Constantinople  and  Cairo,  about 
every  ten  or  fifteen  years.  This  disease  does  not  prevail  in  summer  and  hot  weather. 
It  always  ceases  in  Cairo  during  July,  and  has  never  passed  the  southern  boundary  of 
Egypt,  the  first  cataract,  of  the  Nile 

Yellow  FEVER,  an  acute  disease  characterized  by  vomiting  of  blood,  jaundice, 
and  fever,  is  endemic  in  South  America  and  the  West.  Indies,  being  occasionally 
transported  by  means  of  vessels  to  Leghorn,  Genoa,  Lisbon,  requires  a temperature 
of  22  C.  for  its  development,  is  found  more  upon  the  plains  than  upon  mountains, 
yet  may  occur  at  an  altitude  of  2,000  feet  and  more.  [It  prevails  almost  every  year 
in  the  Southern  cities  of  the  United  States:  Galveston,  New  Orleans,  Baton  Itouge, 
Mobile,  Pensacola,  Charleston,  and  even  Wilmington.  In  a few  seasons  this  disease 
was  transported  to  Baltimore,  Philadelphia,  New  York,  and  even  Boston  —Ed.) 

1 Y Pile) ID  fever,  pre-eminently  a disease  of  the  temperate  zone,  appears  in  the 
north  as  well,  but  is  there  a much  milder  affection.  It  is  to  be  found  also  in  the 
torrid  zi  'ue,  but  is  there  complicated  by  allied  febrile  states,  whose  anatomical 
characters  have  not  yet  been  studied  with  precision,  with  the  exception  of  the 
bilious  typhoid  fever  of  Egypt,  which  is  accompanied  by  haemorrhage  in,  and  inflam- 
mation of  the  liver,  spleen,  and  kidneys,  and  which  does  not  exhibit  any  intestinal 
lesions. 

Exanthematous  tythub  is  occasionally  as  widely  spread  as  typhoid  fever;  it  is, 
however,  more  restricted  to  northern  latitudes,  especially  in  North  America,  Great 
Britain.  Sweden,  the  Russian  Baltic  provinces 

Malignant  (congestive)  intermittent  ff.vkr  is  to  lie  met  with  in  Hungary  on 
the  Danube  and  Theiss,  in  Italy  on  the  Po.  upon  the  entire  west  coast  of  Alrtca,  in 
many  parts  of  the  E uited  States  and  Central  America. 

Cholera  is  occasionally  met  with  everywhere. 

Dysentery  occurs  everywhere,  but  is  especially  severe  in  the  south. 

SCOHHLTUS  is  a disease  of  northern  climes. 

Scrofula  appears  in  the  northern  part  of  the  temperate  zone. 

Tuberculosis  shows  itself  throughout  the  inhabited  parts  of  the  earth,  but.  is  in- 
comparably more  frequent  in  the  temperate  zone,  esjiecially  between  45“  and  55® 
north  latitude,  thiui  in  the  north  or  south.  In  all  climates  it  is  most  common  in 
pooulous  cities,  where  human  beings  are  crowded  together  ; in  the  country,  and  in 
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thinly-peopled  countries,  in  the  Steppes  of  Kirgis,  in  countries  surrounded  by 
deserts,  such  as  Egypt,  Morocco,  as  well  as  in  the  Russian  Baltic  provinces,  it  is 
exceedingly  rare ; in  St.  Petersburg  it  again  becomes  common. 

A change  of  climate  exerts  a favorable  influence  upon  patients  suffering 
from  all  kinds  of  chest  diseases,  rheumatism,  anaemia,  and  upon  convalescents  in 
general,  when  they  go  to  a warmer,  or  more  especially  a more  equable  climate.  In 
Germany  the  following  resorts  may  be  named : Wiesbaden,  Baden-Baden,  Badcn- 
weiler,  Botzen,  Meran ; in  Italy,  Pisa,  Rome,  Palermo ; in  France,  Pau,  Nice ; in 
Africa,  Egypt,  Algiers,  Madeira;  in  the  United  States,  Minnesota,  Colorado,  New 
Mexico,  parts  of  California,  Jacksonville  (Florida,)  Aiken  (S.  C. ;)  Bermuda,  Samana. 


4.  THE  DWELLING. 

The  dwelling  may  be  considered  as  a sort  of  private  climate,  which  is 
voluntarily  limited.  It  is  of  greater  importance  to  health  the  more  the 
inhabitant  remains  at  home ; more  important  for  the  northerner  than  for 
the  southerner,  who  remains  more  in  the  open  air.  Especially  noteworthy 
are  those  buildings  in  which  men  are  congregated  for  a long  time ; fac- 
tories, hospitals,  schools,  dormitories.  Even  healthy  persons  spend  a good 
third  of  their  lives  in  the  last. 

The  characters  of  a good  dwelling  are  : sufficient  size  of  the  room,  upon 
which  depends  the  purity  of  the  air;  dryness  of  the  floor  and  the  walls, 
and  to  a certain  degree  of  the  air  also  ; an  exposure  in  our  climate,  when 
possible,  to  the  east  and  south ; good  ventilation  without  constant 
draughts  of  air ; location  in  a healthy  region ; the  protection  of  blinds, 
etc. 

Fresh,  pure,  that  is,  oft-renewed  air,  is  an  important  desideratum,  for 
sick  and  well  persons,  particularly  for  such  as  are  obliged  to  spend  many 
hours  daily  (in  school-rooms),  or  months  and  years  (orphan  asylums,  gar- 
risons, prisons),  in  the  same  building.  The  air  becomes  impure  by  insuf- 
ficiency of  the  space  in  which  the  human  beings  remain,  by  the  want  of,  or 
by  imperfect  ventilation,  by  injurious  mechanical  and  chemical  admix- 
tures. 

The  size  of  the  space  needed  by  man,  healthy  or  sick,  when  living  in  an 
inclosed  place,  cannot  be  determined  with  absolute  accuracy.  The  average 
has  been  variously  placed  at  300  to  800  cubic  feet,  in  different  countries, 
and  under  very  various  conditions  (in  barracks,  hospitals,  etc.). 

The  size  of  the  space  is  of  comparatively  less  importance  when  a careful 
and  regular  ventilation  renews  the  air  in  it  from  time  to  time. 

It  has  been  determined  by  experiments  upon  respiration,  that  a man  needs  six  cubic 
metres  (100-170  cubic  feet)  of  space  to  enable  him  to  breathe  an  hour  without  being 
injured  by  his  own  carbonic  acid,  or  by  the  rarefaction  of  the  air. 

It  has  been  specially  ascertained  that  each  child  needs  1.5  cubic  metre ; 
that  each  child  in  the  company  of  old  people  needs  3.0  “ 

that  each  adult  in  the  company  of  old  people  needs  8.0  “ 

This  is  exclusive  of  lighting  and  heating,  which  consume  much  oxygen ; and  in 
the  estimate  the  spaca  occupied  by  the  furniture  must  be  taken  into  account.  The 
number  of  hours  during  which  a space  is  to  be  used,  must  determine  an  increase  in 
every  dimension  of  tha  space,  so  that  for  example  a dormitory  for  four  persons  hold- 
ing at  least  200  cubic  metres  of  air,  with  a height  of  12  feet,  should  be  about  21  feet 
long  and  18  wide. 

The  evils  inherent  to  smaller  rooms  are  deficiency  of  oxygen  and  accu- 
mulation of  carbonic  acid.  As  the  effects  of  these  conditions  are  but 
gradually  developed,  it  is  impossible  to  name  any  particular  diseases,  besides 


TOE  DWELLING.  73 

anaemia,  scrofulosis,  tuberculosis,  to  which  the  inhabitants  of  small  dwell- 
ings are  liable. 

The  remaining  gross  impurities  of  air  cause  for  the  most  part  debility 
or  irritation  of  the  mucous  membrane.  Among  these  are  to  be  named  sul- 
phuretted hydrogen,  hydro-sulphuretted  ammonium,  aqua  ammonia,  which 
abound  in  water-closets  and  privy-vaults,  as  well  as  in  kitchen  sewers,  and 
which,  especially  when  the  dwelling  is  heated,  ascend  to  the  rooms;  empy- 
reumatic  oils  during  lighting  with  ill,  imperfectly  burning  substances  ; vola- 
tile acids  from  human  or  animal  exhalations  ; carbonic  oxide,  which  benumbs 
at  the  development  of  smoke  in  coal  combustion,  and  quickly  kills ; car- 
bonic acid  (see  p.  05).  Strong  substances  in  a state  tit  for  inhalation,  such 
as  the  perfume  of  many  flowers,  are  injurious  to  many  persons,  particularly 
those  of  a nervous  disposition. 

According- to  Pkttenkofer.  to  whom  we  owe  many  researches  upon  the  question 
of  ventilation,  an  average  man  expires  each  minute  5 litres  of  air,  which  contain  4 
percent,  of  carbonic  acid;  in  each  hour  MOO  litres,  including  12  litres  of  carbonic 
acid.  That  air  alone  is  healthy  which,  after  the  sojourn  of  men  in  it,  contains  at  the 
highest  5 parts  per  thousand  of  carbonic  acid.  In  order  to  secure  the  thorough 
renovation  of  the  air  in  the  inclosed  space,  a large  amount  of  fresh  air  is  necessary. 
In  order  that  the  air  should  remain  good,  it  is  necessary  that  there  should  is-  intro- 
duced at  each  moment  two-hundred  times  the  volume  of  the  expired  air;  and.  as  a 
man  expires  about  dOO  litres  in  an  hour,  there  must  hourly  enter  90,000  litres  or  00 
cubic  metres  of  fresh  air.  In  rooms  where  sick  or  well  persons  stay  for  any  length 
of  time,  this  is  to  be  secured  only  by  means  of  judicious  ventilating  appliances,  best 
by  the  direct  entrance  of  fresh  air,  not  as  well  by  removal  of  the.  impure  air.  This 
purpose  is  attained  by  the  constant  opening  of  numerous  and  large  windows,  as  in 
the  American  pavilion  and  tent  system. 

PETTKNKOEEK  has  further  shown  that  the  dry  walls  of  our  houses,  particularly 
those  of  brick,  and  also  those  of  rag-stone  (the  latter  particularly  when  plastered), 
are  permeable  to  the  air.  and  that  lime  and  gvjwum  plastering,  and  oil  painting,  do 
not  prevent  this  penetrability.  The  innumerable  minute  pores  of  the  wall,  by  means 
of  which  the  air  in  the  room  communicates  with  the  outside  air,  allow  the  entrance  of 
much  more  air  than  can  come  in  through  the  leaks  and  cracks  of  doors  and  windows. 
Every  impact  of  air  upon  the  external  face  of  a wall  causes  a movement  in  the  air 
on  its  inner  face.  The  amount  of  interchange  of  air  through  the  wall  depends 
especially  a|«m  the  difference  in  the  temperature  of  the  atmosphere  on  the  outside 
and  on  the  inside ; the  greater  this  is,  ns  for  example  in  the  cold  winter  sea- 
son, the  more  air  enters  and  leaves  a dwelling  in  this  way.  The  porosity  of  walls  is 
destroyed  at  once  by  wetting : hence  the  disadvantages  of  new,  ill-dried  dwellings. 
Natural  ventilation  is  somewhat  increased  by  open  fire-place  heating  of  rooms,  but 
uot  very  much,  as  is  usually  assumed. 

While  a certain  number  of  noxious  gases  exhibit  specific  odors,  or  produce  un- 
pleasant sensations  in  the  mucous  membranes  of  the  eye,  larynx,  etc.,  there  are 
others,  as  for  example  carbonic  acid,  carburetted  hydrogen,  which  are  not  percep- 
tible to  the  smell. 

The  manner  of  beating,  of  airing,  the  closure  of  windows,  the  care  of  the 
surroundings  of  the  house,  etc.,  belong  to  Hygiene.  Dwellings  with  damp 
grounds  and  walls  are  above  all  deleterious  ; they  are  colder,  their  walls 
are  less  porous,  they  are  favorable  to  the  occurrence  of  putrefaction  and 
inouldiness,  and  tho  moisture  of  the  air  itself  may  act  directly.  It  is  cer- 
tain that  rheumatism  and  neuralgia  follow  upon  the  operation  of  these 
causes. 

The  greatest  demand  for  reform  comes  from  public  institutions  of  all 
kinds,  all  public  offices,  orphan  or  foundling  asylums,  lying-in  hospi- 
tals, hospitals  for  the  insane,  general  hospitals,  almshouses,  and  prisons ; 
because  into  these  buildings  most  persons  go  unwillingly,  and  because  the 
State,  which  in  a manner  despotically  lodges  them,  is  in  duty  bound  to  pro- 
vide for  their  health. 
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In  making  plans  for  buildings,  the  following  allowance  of  ventilation  per 
person,  per  hour,  should  be  made. 

00-70  cubic  metres  in  hospitals  for  ordinary  cases. 
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Unfortunately  these  requirements  are  not  always  fulfilled,  even  in  enlightened  states. 

This  is  more  especially  true  of  prisons.  The  great  mortality  in  them  is  in  part  due  to 

unavoidable  causes. 

On  the  average  it  amounts  to  1 : 20-30.  in  particularly  well  man- 

aged  institutions  1 : 40,  which  is  higher  than  the  general  mortality,  although  there 
are  no  new-born  children  which  increase  the  mortality  ratio  so  much.  The  most 
common  diseases  of  prisoners  are  tuberculosis,  pneumonia,  typhoid  fever,  mental 
affections.  The  food  and  the  kind  of  work  of  course  play  a part  in  increasing  mor- 
tality. 

The  mortality  of  large  cities  is  larger  in  summer  and  autumn  than  that 
of  the  open  country,  and  in  winter  is  a little  less.  In  large  cities  the  inha- 
bitants, at  least  those  without  means,  suffer  from  crowded  dwellings.  Be- 
sides, harm  is  done  by  the  emanations  of  the  ground  upon  which  the  houses 
are  closely  packed,  and  whose  subsoil  is  saturated  by  the  filtration  of 
human  excrements,  with  organic  putrid  substances,  or  with  contagious  ma- 
terial, as  for  example  that  of  cholera,  typhoid  fever,  etc.;  by  the  absence  of 
vegetation,  which  clears  the  atmosphere  of  superabundant  carbonic  acid  ; by 
the  air  stagnating  in  narrow  streets,  by  its  making  streets  turn  cold,  or 
warm  and  moist;  smoke  and  dust  are  present  in  large  quantities ; food  is 
often  adulterated  ; sewers  become  dangerous  if  they  carry  off  much  refuse, 
cemeteries,  slaughter-houses,  gas-houses,  if  they  give  off  bad  odors.  On  the 
other  hand,  well -governed  large  cities  have  these  advantages,  that  sanitary 
regulations  are  better  executed  by  the  authorities,  and  that  in  time  of  dis- 
tress help  is  nearer  and  is  more  freely  given.  In  small  towns  and  in  the 
country  the  indifference  of  individuals  toward  ordinances  is  usually 
greater  ; physicians  and  institutions  are  not  numerous  enough,  and  the  dis- 
advantages of  the  locality  appear  at  their  worst. 

In  the  last  ten  years  the  mortality  as  well  as  the  mortality  of  many  large  cities 
has  been  diminished,  by  the  erection  of  water-works,  by  suitable  sewerage  (partly 
through  the  so-called  liood-canal  system  [Sekwimmen  camd-*ysttmi ],  and  the  water- 
closet  system,  with  air-  and  water-tight  traps). 

5.  CLOTHING  AND  BEDDING. 

The  clothing  with  which  civilized  people  and  the  northern  races  covet 
themselves,  is  to  be  studied  from  the  following  points  of  view  respecting  its 
usefulness  or  injuriousness. 

Our  bodily  frame  is  to  be  looked  upon  as  a warm  and  moist  body  exposed 
to  the  air,  which  loses  heat  in  three  ways  : by  radiation,  conduction,  and 
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evaporation.  By  covering  the  skin  with  clothing  we  prevent  direct  loss  of 
heat,  and  diminish  the  contact  of  the  air  with  the  body  surface;  we  cause  a 
diminished  loss  of  heat  in  all  the  three  ways. 

A great  advantage  accrues  in  the  heating  economy  of  the  body  from  the 
fact  that  heat  is  not  lost  in  only  one  way,  because  the  action  of  the  several 
modes  renders  possible  a delicate  regulation  of  the  loss  of  heat.  What  we 
lose  by  one  way  is  equalized  by  diminished  loss  in  the  other  two  ways. 
On  the  average  the  loss  by  radiation  and  conduction  is  the  most  constant 
under  similar  circumstances,  and  the  evaporation  of  moisture  is  the  means 
of  partly  balancing  the  differences  existing  in  the  amount  of  heat  produced, 
as  well  as  the  errors  caused  by  functional  disorder  of  the  other  channels. 

The  loss  by  radiation  may  be  a very  important  one;  fifty  per  cent,  of 
the  total  heat  being  usually  separated  in  this  way.  This  loss  increases  with 
the  difference  between  the  temperature  of  our  body  and  that  of  the  sur- 
rounding medium. 


Consequently,  we  feel  cold  in  a room  which  is  not  wanned  throughout,  especially 
at  its  periphery,  though  the  atr  near  us  be  at  the  pleasant  degree  of  20  0.  Radia- 
tion is  also  notably  diminished  where  our  body  is  surrounded  by  objects  of  a similar 
temperature;  as  for  example,  in  a space  crowded  with  human  beings,  or  in  a crowd 
in  the  open  air  ; and  we  feel  wnrm  under  such  conditions,  even  if  the  thermometer 
shows  but  a moderate  degree  of  heat,  and  this  because  our  neighbors  arc  as  warm  as 
ourselves,  lu  compensation  for  deficiency  of  radiation  we  begin  to  perspire,  and  try 
to  cool  ourselves  by  means  of  fans,  the  heat  escaping  by  the  other  two  ways. 


The  loss  of  heat  by  conduction  is  also  important.  So  long  as  our  body 
is  warmer  titan  the  air  which  surrounds  us  on  all  sides,  so  long  does  our  body 
heat  it.  No  equalization  of  tem(>erature  can,  however,  take  place  in  this 
wav,  because  the  heated  and  rarefied  air  rises  to  a distance  from  the  body, 
is  replaced  by  colder  air,  which  in  its  turn  goes  off  whan  heated. 

This  ascending  air  current  may  be  so  strong  as  to  influence  the  wings  of  a sensitive 
anemometer  placed  beneath  the  clothes  : this  being  a current  unnoticed  by  us  be- 
cause our  nerves  cannot  appreciate  air  in  motion  at  a speed  of  half  a metre  per 
second.  The  loss  of  heat  by  conduction  becomes  much  more  important  if  we  ex- 
change badly-conducting  air  for  one  that  is  slightly  heated,  or  for  the  much  better 
conducting  medium  water.  Whereas  we  can  comfortably  remain  in  moderately 
warm  air  with  only  light  clothing  on,  we  are  very  cold  with  the  same  clothing  in 
water  of  a similar  temperature,  although  in  the  latter  case  loss  of  heat  by  evapora- 
tion has  wholly  ceased,  and  the  loss  by  radiation  is  reduced  to  a minimum.  Cool 
baths  cause  a much  greater  loss  of  body  heat  than  e\{K>sure  in  an  equally  cold  atmos- 
phere. In  the  open  air  we  lose  much  more  heat  by  conduction  than  in  a room,  becauso 
the  movements  of  the  air  are  much  diminished  by  the  walls,  and  consequently  a much 
loss  quantity  of  air  passes  over  us  in  a given  time,  in  a room,  than  in  the  open  air. 
The  minimum  of  heat  lost  by  conduction  in  a room  must  be  compensated  by  loss 
from  radiation  and  evaporation.  By  the  use  of  a fan  in  a room  the  volume  of  air 
passing  over  us  is  increased,  and  with  it  the  loss  of  heat  by  conduction. 

Of  how  much  importance  evaporation  is  for  the  cooling  of  the  body, 
may  he  inferred  from  the  fact  that  one  gramme  of  water  renders  latent  5(50 
beat-units  in  its  passage  to  the  gaseous  form.  An  individual  while  inactive 
will  lose  in  this  way  according  to  experiment,  900  grammes  of  water  by 
the  lungs  and  skin— that  is,  504,000  heat-units;  one  exerting  himself 
violently,  2,000  grammes  of  water,  or  1,120,000  heat-units.  This  explains 
why  the  blood  never  becomes  warmer,  in  spite  of  active  exercise  (apart  from 
a certain  excess).  The  organism  brings  about  this  result,  in  so  far  as  it 
concerns  the  skin,  by  the  changing  activity  of  its  vaso-motor  nerves  (van- 
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able  according  to  need),  by  means  of  which  the  moisture  of  the  skin  is 
diminished  or  increased.  So  long  as  we  are  surrounded  by  air,  there  co- 
incides jis  a rule,  with  a greater  loss  of  heat  by  conduction,  an  increased 
evaporation  at  least  as  long  as  the  circulation  in  the  skin  remains  active 
and  the  air  is  not  wholly  saturated  with  moisture.  Consequently  we  be- 
come cool  much  more  easily  in  a dry  than  in  a moist  atmosphere,  because  the 
saturated  air  can  no  longer  withdraw  heat  from  our  bodies  by  evaporation, 
while  dry  air  does  this  in  an  extreme  degree. 

Very  interesting  also  is  the  cooling  of  the  body  by  respiration  in  air  of  varying 
temperature  and  moisture.  If  we  set  down  the  volume  of  air  which  an  adult  indivuD 
ual  in-  and  expires  in  twenty-four  hours  at  an  average  figure  of  9,000  litres,  we  ob- 
tain the  following  by  calculation  : — 

An  adult  loses  in  twenty- four  hours  by  the  breathing  of : 

Air  at  0 C.  (dry),  293,040  heat-units. 

“ 30°  C.  (dry),  274, 050  “ 

“ 0 C.  (moist),  205,000  “ 

“ 30°  C.  (moist),  105,390  *■ 

That  is  to  say,  that  the  loss  of  heat  is  much  more  important  in  dry  air  than  in  air 
saturated  with  moisture.  At  a temperature  of  0'  C.  at  the  point  of  complete  satu- 
ration, the  loss  is  about  28,000  heat-units,  or  quite  10  per  cent,  less;  and  at  a 
temperature  of  30  C.  at  the  point  of  complete  saturation,  the  loss  is  01  percent, 
less  than  at  the  point  of  greatest  dryness. 

Death  is  at  last  brought  about  by  extreme  loss  of  beat,  and  a degree  of 
such  a loss,  beyond  a certain  endurable  limit,  gives  rise  to  disease,  by  cool- 
ing. The  increased  loss  of  heat  may  affect  the  whole  or  a part  of  the  body  ; 
as  for  example,  when  we  step  into  a cold  room  when  covered  with  perspira- 
tion, or  when  we  remain  much  too  long  in  a cold  bath,  or  if  we  sit  near  a 
cold  wall,  an  open  window,  etc. 

By  means  of  our  clothing,  we  receive  back,  after  a while,  a part  of  the 
heat  which  without  it  would  radiate  from  it  to  other  neighboring  bodies, 
because  the  stuffs  out  of  which  it  is  made  are  not  diathermanous,  allowing 
heat-rays  to  pass  through  unabsorbed.  Still,  the  heat  absorbed  by  the 
clothing  may  radiate  from  its  outer  surface,  just  as  it  might  radiate  from 
the  uncovered  skin.  “ Our  clothes  freeze  for  us.”  The  passage  of  heat 
through  this  covering  depends  essentially  upon  the  conductibility  of  the 
cloth,  and  upon  its  thickness,  i.e.,  upon  the  distance  which  the  radiating 
heat  must  traverse  in  order  to  reach  the  outer  surface  of  the  clothes,  and 
upon  the  time  necessary  for  this  transit.  At  the  same  time  we  heat,  by 
means  of  this  heat  radiating  from  the  body,  the  immediate  surrounding 
of  our  body,  viz.,  the  stratum  of  air  lying  between  the  skin  and  the  cloth- 
ing ; and  this  is  constantly  done  in  a greater  or  lesser  degree,  as  needed 
to  protect  our  nerve-terminations  from  tire  unpleasant  or  injurious  effect 
of  sudden  changes  of  temperature  in  their  immediate  vicinity.  We  thus 
lose  our  body  heat  through  rightly-chosen  clothing  in  such  a way  that  we 
feel  comfortable.  In  proportion  as  the  loss  of  heat  increases,  while  the 
internal  production  remains  about  the  same,  we  experience  the  necessity  of 
allowing  the  escape  of  heat  from  the  vicinity  of  our  body  to  take  place 
more  slowly.  Then,  if  through  the  independent  activity  of  the  vaso-motor 
nerves  of  the  skin  a marked  degree  of  restriction  of  the  loss  of  heat  is 
brought  about  for  a certain  time,  the  repression  of  the  peripheral  circula- 
tion no  longer  suffices,  partly  because  of  the  exhaustion  of  the  nerves, 
partly  because  of  the  amount  of  loss.  Supported  by  a large  experience,  we 
then  put  on  several  articles  over  one  another,  and  what  happened  to  the 
skin  when  covered  by  the  first  set  occurs  to  the  second  set  of  articles,  and 
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to  the  third  ; with  the  increase  of  the  number  of  clothes  there  is  an  addi- 
tion of  warmed  layers  of  air  in  the  neighborhood  of  the  nerve-enuings. 


Clothing  cannot  be  defined  as  articles  destined  to  keep  the  air  away  from  the 
body,  for,  on  the  contrary,  we  wear  no  clothes  which  do  not  allow  of  a continual 
ventilation  of  the  surface  of  the  body.  The  stuffs  which  serve  to  make  our  warmest 
clothing  are  much  more  permeable  to  air  than  those  which  we  designate  as  cool.  A 
current  of  air  is  constantly  passing  through  the  clothing,  the  volume  of  which,  as  in 
every  kind  of  ventilation,  de)>end.s  upon  the  size  of  the  apertures,  upon  the  degree 
of  difference  between  the  air  within  and  that  without  the  clothing,  and  upon  the 
velocity  of  the  air  about  us.  Clothing  tempers  the  contact  of  air  with  our  body, 
only  by  preventing  the  impinging  of  the  air  as  a moving  body  against  the  nerves. 
Clothing  also  regulates  the  temperature  of  the  air  by  causing  it  to  assume  a meau 
degree  of  heat  by  passing  through  the  pores  of  the  cloth ; a mean  of  24  to  30  ’ C. 
“ We  carry  about  us  in  our  clothing  in  the  open  air,  even  in  northern  regions,  the 
air  of  the  south.  We  feel  in  this  just  as  we  should  feel  standing  naked  in  a perfectly 
calm  atmosphere  of  from  24  to  30  C.” 

According  to  the  investigations  of  Krtboer  ( ZtU*ch rift  f.  IKofogir,  V..  p.  470) 
there  is  but  little  difference  between  individual  substances  in  their  capacity  for  radia- 
tion. Khikger  filled  a cylinder  of  tin  with  warm  water,  surrounded  it  with  various 
kinds  of  cloths,  in  various  ways,  and  noted  the  diminution  of  heat  at  stated  inter- 
vals. If  wool  lie  put  down  as  having  a capacity  of  100,  then  that  of  chamois  is  100.5  ; 
silk.  102  5 ; cotton,  101  ; and  linen,  102. 

The  color  of  the  fabric  is  also  without  essential  influence  upon  radiation.  It  is 
otherwise  in  the  matter  of  absorption  of  beat  by  differently  colored  cloths.  And 
indeed  in  this  respect  (absorption),  the  difference  in  the  same  colors,  between  differ- 
ent textures,  is  not  important  (cotton.  100;  linen,  98;  flannel.  102;  silk.  108), 
although  marked  for  the  same  fabric  in  various  colors.  In  different  colored  shirt- 
ings, 100  being  the  absoprtiou  index  of  white,  that  of  pale  yeliow  is  102  ; deep  yellow, 
140;  pale  green,  155;  deep  green.  108 ; turkish-red,  165;  pale  blue,  198;  black, 
20*.  These  figures  are  for  the  effects  of  exjiosure  to  direct  heat. 

Kill Ec, er  investigated  in  how  much  the  loss  of  heat  by  radiation  was  retarded  when 
several  layers  of  the  same  fabric  were  drawn  tightly  one  over  another,  and  he  noticed 
in  double  layers  a radiation  of — 


3 ? in  thin  silk, 

4 % in  gutta-percha, 

5 ? in  shirting  or  fine  linen, 
0 ? in  thick  silk, 


9 ? in  thick  linen, 

10-12  ? in  chamois, 

14  ? in  flannel, 

16-2(5  ? hi  winter  kid  leather. 


In  other  words,  if  100  heat-units  passed  out  in  a given  time  through  a single  layer  of 
silk,  only  97  heat-units  escaped  through  a double  layer  (tightly  drawn)  of  the  same 
material.  These  surprisingly  small  differences  arc  an  evidence  of  the  retardation  of 
the  loss  of  heat  by  friction  in  the  radiation  through  the  second  layer  of  cloth,  whose 
pores  are  precisely  similar  to  those  of  the  already  thoroughly  heated  pores  of  the 
first  cloth,  and  form  in  reality  only  the  continuation  of  those  pores.  In  other  re- 
spects the  differences  between  fabrics  are  not  so  much  depend  exit  upon  weight  anti 
solidity  as  upon  their  shape  and  volume.  If,  however,  Kkikukr  drew  only  the  first 
layer  of  cloth  tightly  around  his  tin  cylinder,  and  allowed  the  second  to  hang  at  a 
distance  of  from  .5  to  1 cent,  from  it.  somewhat  after  the  fashion  in  which  we  wear 
our  external  clothing,  he  noticed  a much  more  marked  diminution  of  the  loss  of 
heat,  to  wit:  for  linen,  an  increase  of  32  ? ; for  shirtings,  33  % ; for  silk,  32  V ; for 
flannel,  29  ? ; for  chamois,  30  ? ; for  gutta-percha  cloth,  3(5  ?.  Thence  follows  the 
very  important  proposition,  that  we  may  be  much  more  or  much  less  warmly  clad 
with  the  same  amount  of  clothing,  according  as  we  wear  it  tight  or  loose.  The  caose 
of  this  difference  is  the  thickness  of  heated  layer  of  air  inclosed  between  the  clothes. 


It  is  not  alone  the  stratum  of  air  inclosed  between  the  skin  and  the 
clothes  which  jilays  an  important  part  in  preventing  loss  of  heat,  but  the 
air  included  in  the  fabric  itself — the  air  entering  into  its  texture. 

Pettenkover  has  investigated  the  question  of  the  permeability  of  various  fabrics 
by  means  of  glass  tubes,  one  end  of  which  was  closed  by  pieces  of  the  cloth  to  he 
tested,  while  he  forced  air  through  them.  Through  pieces  of  similar  areas,  in  simi- 
lar times,  the  air  passed  in  the  following  relative  amounts,  flannel  being  considered 
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as  100  : through  linen  of  medium  thickness,  58  ; through  silk  fabrics,  40  ; chamois, 
58  ; tanned  white  leather,  1 ; aamian  leather,  51.  The  protecting  effect  of  clothing 
does  not  either  depend  upon  the  degree  to  which  it  keeps  the  air  off  from  us,  other- 
wise kid  gloves  would  be  100  times  warmer  than  flannel,  which,  as  is  well  known, 
is  not  the  case.  Other  fabrics  containing  much  air  are,  as  well  as  flannel,  well  ad- 
apted to  keep  us  warm  ; as  for  example,  fresh  cotton -wadding  (in  contradistinction 
to  that  which  is  old  and  compressed),  and  fur,  with  its  delicate  hairs  to  which  the 
air  clings.  Krieokr  shaved  fur,  and  found  that  its  power  of  giving  off  heat  was  in- 
creased in  the  proportion  of  100  : 100.  The  dr}'  skin  of  shaven  fur  is,  however,  always 
a little  porous  ; if  it  be  covered  with  linseed-oil  varnish  its  power  of  transmitting  heat 
rises  to  258,  and  by  means  of  a coating  of  gum-arabic  it  reaches  200.  Shaven  and 
varnished  fur-bearing  animals  die  through  refrigeration  (the  freezing -death),  if  no 
heat  be  given  them  from  without.  The  more  delicate  the  hair  of  the  fur,  the 
more  warmly  it  covers,  because  the  heat  leaving  the  body  is  so  much  better  retained 
by  it.  In  a good  fur  animal,  however,  the  bodv-heat  is  not  greater  in  summer  than 
in  winter.  In  the  winter  the  equilibrium  between  the  temperature  of  the  skin  and 
that  of  the  air  is  found  near  the  root  of  the  hairs ; in  summer  it  takes  place  near  their 
free  ends.  Impermeable  fabrics  do  not  possess  these  good  qualities  of  fur,  and  are 
consequently  used  as  clothing  only  for  special  objects.  They  allow  of  the  peuetra- 
tion  of  no  dampness  from  without,  but  cause  the  retention  of  the  fluids  of  evapora- 
tion, and  restrict  the  circulation  of  air  in  the  underlying  clothes.  Water-proof  coats 
are  good  only  to  shield  us  from  the  wet;  they  make  us  moist  by  the  retention  of 
perspiration;  they  are  useful  only  in  wet  weather  or  in  great  winds,  not  in  wet  and 
warm  weather,  or  in  a calm  atmosphere. 


The  more  the  air  of  a tissue  is  displaced  by  water,  the  less  it  can  keep 
us  warm,  because  it  becomes  a much  better  conductor  of  heat.  Hence  the 
ease  with  which  we  “catch  cold  ” in  wet  clothing;  hence  the  susceptibility 
to  dampness.  If  we  go  out  into  a cold  and  dty  open  air,  wre  do  not,  pari 
passu , feel  as  cold  as  in  equally  cold  but  damper  air. 


We  must  not  undervalue  the  importance  of  this.  Pettenkofkr  chose  two  equal 
pieces  of  linen  and  flannel,  as  representatives  of  the  most  important  animal  and  vege- 
table fabrics,  dried  them  at  100°  C.,  at  which  point  they  lose  nearly  all  their  hygro- 
scopic water,  and  weighed  them  in  accurately-closing  tin  boxes  of  known  weight. 
They  were  then  exposed  to  air  at  various  degrees  of  temperature,  from  time  to  time 
replaced  in  the  tin  boxes,  and  weighed  with  all  necessary  precautions.  In  this  way 
the  variations  in  weight — in  other  words,  the  amount  of  water  taken  up  hygroscopic- 
ally  by  linen  and  wool — were  easily  ascertained.  For  example,  in  twelve  hours  the 

following  quantities  of  water  were  taken  up  by  1,000  grammes  of  the  following 
fabrics  : 


At  1°.  2 C.  in  lecture  room 

“ 3°.  1 C.  in  cellar 

“ 4°.  4 C.  in  cellar 

“ 12°.  2 C.  in  laboratory. . . 
“ 19\  0 0.  in  room 


Linen.  Wool. 

74  grm.  143  gnu. 

77  “ 157  “ 

111  “ 175  “ 

G3  “ 105  “ 

41  “ 75  “ 


If  we  estimate  the  weight  of  a woollen  suit  of  clothes  at  10  lbs.,  the  amount  of  hy- 
groscopic water  contained  in  it,  consequently,  is  H lb.,  which  quantity  will  require 
for  its  evaporation  420,000  heat-units. 

Under  all  circumstances  wool  contains  more  hygroscopic  water  than  linen,  and  re- 
tains it  also  much  better.  Consequently  the  changes  in  the  amount  of  water  con- 
tained in  linen  are  more  rapid  than  those  in  wool  during  the  evaporation  of  water 
in  dry  and  the  acquisition  of  water  in  wet  weather. 

lloth  substances  exhibit  similar  relative  properties  during  wetting  by,  or  the  dry- 
ing of  fluid  water  Linen  is  easily  saturated  with  water,  and  water  escapes  from  it. 
uuicklv  • wool  loses  water  slowly,  but  it  takes  up  much  more  than  linen.  W ater  evap- 
orates more  rapidlv  from  a linen  than  from  a woollen  surface,  which  latter  yields  up 
a regular  way.  as  is  shown  by  the  following  table  1.000  grammes  of 
linen  soaked  in  water,  then  pressed  until  no  more  water  could  be  forced  out  ot  it, 
retained  740  grammes  of  water;  and  1,000  grammes  of  flannel  treated  m the  same 
way  retained  913  grammes.  The  surfaces  of  these  equal  pieces  of  tissue  wore  like- 
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wise  equal.  Both  cloths  were  hung  up  to  dry  in  a heated  chamber,  and  the  water 
retained  in  them — 


After  15  min.  in  temp,  of  20°  C. 

Linen. 

amounted  to  521 

grni. 

Flannel. 

701  grin. 

45  “ “ 20°  C. 

(4 

380 

003  “ 

“ 75  “ “ 19;  5 C. 

it 

229 

u 

457  " 

“ 105  “ “ 19  C. 

U 

99 

it 

309  “ 

“ 135  “ “ 19°  C. 

it 

55 

a 

194  “ 

It  is  easy  to  understand  that  fabrics  as  a whole,  by  the  partial  stoppage 
of  their  pores  by  water,  lose  their  permeability  to  air  when  they  become 
wet.  Coarse  tissues  with  large  pores  remain  longer  pervious  to  air  ; with 
substances  of  similar  porosity,  the  adhesion  of  water  to  the  fabric  deter- 
mines whether  it  shall  close  its  pores  slowly  or  quickly,  temporarily  or  for 
a long  time.  Linen,  cotton,  and  silk  are  quickly  hermetically  sealed  by 
wetting;  while  wool  does  not  become  so,  or  only  after  saturation.  As  the 
porosity  of  all  tissues  depends  mainly  upon  the  elasticity  of  their  fibres,  it  is 
of  the  highest  importance  whether  it  be  the  same  in  the  damp  and  dry 
states,  or  how  much  it  may  vary  under  these  conditions.  A character 
which  distinguishes  wool  from  the  other  three  substances,  is  that  its  fibres 
retain  almost  all  their  elasticity  when  wet,  whereas  other  fibres  lose  theirs 
almost  wholly.  It  is  because  the  air  is  more  driven  out  of  linen  or  silk 
fabrics  than  out  of  woollen  ones,  that  we  catch  cold  more  easily  by  being  wet 
while  clothed  in  linen  or  silk.  Similarly  wet  woollen  stockings  do  not  pro- 
duce cold  feet  as  easily  as  wot  linen  ones.  On  the  other  hand  this  peculiar- 
ity of  silk  and  linen  is  of  advantage  when  it  is  desirable  to  keep  the  body 
warm  and  dry.  By  means  of  linen  shirts  we  efficiently  remove  heat  and  a 
moderate  amount  of  evaporation  from  the  skin  ; while  profuse  perspiration 
is  best  taken  up  by  a woollen  tissue. 

A very  important  article  of  clothing  (since  in  it  we  pass  a great  part  of 
our  lives)  is  the  bedding.  The  bed  is  not  merely  a place  of  rest,  but  also 
a cover  during  sleep.  Bedding  is  made  of  the  same  materials  as  day- 
clothes  ; those  used  next  the  skin,  of  linen,  silk,  and  cotton  ; the  underlying 
parts,  of  animal  fibres,  feathers,  wool.  The  betiding  must  be  at  the  same 
time  warm  and  airy : we  heat  the  bed  with  our  body  just  as  we  do  our 
clothes,  and  in  its  turn  the  bedding  heats  the  air  which  traverses  it  from 
below  upward.  The  layers  which  regulate  the  heat  are  thicker  than  those  of 
ordinary  clothing;  this  is  required,  because  in  the  absolute  rest  of  sleep  tis- 
sue metamorphosis  is  much  reduced,  and  less  heat  is  produced  : moreover 
the  air  is  more  thoroughly  heated  in  horizontal  layers  than  in  the  erect  jm>- 
sition  of  the  body.  The  bed  is  a most  important  apparatus  for  the  preser- 
vation of  body-heat;  since  the  heat  of  the  bed  keeps  up  the  circulation  of 
peripheral  parts  without  great  waste  of  tissue,  thus  relieving  the  internal 
organs,  which  are  thus  enabled  to  rest.  Whoever,  for  several  days  in  suc- 
cession, cannot  lie  in  bed,  does  not  feel  rested,  but  often  also  experi- 
ences changes  in  his  temperature.  Beds  are,  particularly  in  cold  weather, 
indispensable  to  well-being ; they,  in  a certain  degree,  take  the  place  of  food. 
Light  bed-covering  is  advisable  for  young  people,  because  much  heat  is  apt 
to  increase  the  sexual  appetite  and  lead  to  onanism. 

Under  certain  circumstances  clothing  may  be  also  useful  for  the  purpose 
of  shielding  the  body  from  heat-rays;  as,  for  instance,  hats  in  summer. 
The  mode  of  its  operation  in  such  eases  is  just  the  same  as  has  been  de- 
scribed above. 

Weight  is  an  element  to  be  considered  in  clothing,  because  heavy  articles, 
if  they  be  bad  conductors,  overheat  the  body  by  the  exertion  necessary  to 
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boar  them.  The  same  element  should  be  kept  in  view  in  the  matter  of  bed- 
covering; it  should  not  be  so  thick  and  heavy  us  to  interfere  with  the  re- 
spiratory movements,  or  unnaturally  increase  perspiration. 

“ Our  clothes  are  the  weapons  with  which  man  combats  the  atmosphere, 
in  so  far  as  it  is  dangerous.” 

Articles  of  clothing  may  press  upon  and  injure  the  organs  over  which 
they  are  placed.  In  women  there  are  often  found  transverse  depressions 
in  the  liver  with  opacity  of  its  capsule,  and  atrophy  of  its  tissue,  pro- 
duced by  corset,  and  petticoat  bands.  Moreover,  excessive  lacing  produces 
disproportionate  breathing  with  the  upper  thorax.  The  pressure  of  shoes 
produces  various  diseases  of  the  soft  parts  and  bones. 

Compare  Pettenkofer,  Zeitsehr.  f.  Biologic.,  1865,1.,  p.  180,  and  Bcziehungen 
der  LuJ't  zu  Kleidung,  etc.,  1872. 

G.  FOOD  AND  DRINK. 

Leaving  out  medicines  and  poisons,  the  consideration  of  which  belongs 
to  pharmacology  and  toxicology,  we  can  divide  ingesta  into  nutritive  and 
pleasing  materials. 

Only  such  substances  can  serve  as  nutritive  materials  whose  constitution 
is  similar  to  that  of  the  tissues  of  the  body,  or,  at  any  rate,  such  as  contain 
the  elements  needed  by  the  tissues,  such  as  nitrogen,  carbon,  hydrogen,  oxy- 
gen, sulphur,  phosphorus,  iron,  chalk,  potassa,  soda,  etc.  It  is  well  known 
that  the  animal  organization  does  not  form  the  majority  of  its  proximate 
principles,  such  as  albumen  and  related  bodies,  fat  and  sugar,  out  of  the 
elementary  bodies,  but  that  the  substances  must  be  exhibited  in  an  organic 
or  complex  form,  from  which  they  are  eliminated. 

Food  may  be  noxious  because  too  little  or  too  much  of  it  is  ingested  ; 
and,  besides  the  form  and  mass,  the  temperature  and  quality,  the  uniform- 
ity (with  respect  to  the  proportions  of  animal  and  vegetable  ingredients) 
of  the  food,  as  well  as,  lastly,  the  irregularity  in  the  time  of  eating,  are 
injurious. 

For  the  condition  of  absolute  fasting,  as  well  as  for  the  effects  of  with- 
holding important  articles  of  diet,  see  paragraph  on  the  anaemia  of  inanition. 

The  evils  brought  about  by  the  shape  and  amount  of  ingesta,  of  solids 
as  well  as  fluids,  belong  to  special  pathology,  because  the  lesions  and  dis- 
turbances produced  are  local. 

The  temperature  of  food  and  drink  is  a cause  of  disease  only  in  that  it 
may  lead  to  refrigeration  of  the  stomach,  and  with  respect  to  the  possible 
evil  effects  of  cold  drinks.  More  rarely,  in  childhood  particularly,  we 
meet  with  burning  of  the  upper  part  of  the  digestive  tube,  and  consequent 
inflammation  of  these  parts,  and  of  the  upper  air  passages. 

The  quality  and  ill  effects  of  food  belong  more  properly  in  treatises  on 
diseases  of  the  digestive  organs.  The  general  consequences  of  spoiled  food 
resemble  those  which  follow  upon  the  use  of  too  little  food.  Water  which 
claims  to  be  “healthy  pure  drinking-water”  must  not  be  chemically  pure; 
it  should,  on  the  contrary,  contain  certain  ingredients,  and  only  a minute 
quantity  of  other  substances  in  order  to  be  harmless.  At  any  rate,  it  must 
be  clear.  A water  which  contains  visible  impurities  is  not  to  be  regarded 
as  good  drinking-water.  Even  after  filtration  water  may  be  dangerous  to 
drink,  because  some  of  the  injurious  ingredients  may  remain  in  solution. 
This  is  the  reason  why  filtered  river  water  which  is  furnished  by  the  water- 
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works  of  many  towns  is  not  healthy,  or  not  at  all  so  compared  with  clear, 
fresh  spring  water,  which  should  alone  be  used  for  this  purpose.  The 
pleasant  taste  of  the  latter  is  produced  by  the  presence  chiefly  of  C02.  It 
contains  salts,  as  follows:  chiefly  chloride  of  sodium,  sulphate  and  carbon- 
ate of  lime  in  small  quantities,  so  that  the  result  of  dedication  of  100,000 
parts  of  water  never  exceeds  50  parts,  or  0.0005.  If  the  mineral  ingredi- 
ents exceed  0.4  p.  c.,  or  0.004,  the  liquid  is  called  mineral  water. 

The  most  important  impurities  of  drinking-water,  particularly  in  that 
drawn  from  pump-wells  in  populous  districts,  are  nitrates,  especially  in 
combination  with  ammonia;  abundant  chlorine  combinations,  and,  lastly, 
organic  substances  of  animal  or  vegetable  nature.  Such  impure  water,  in 
order  to  be  still  drinkable,  must  not  contain  in  100,000  parts  more  than 
0.4  parts  of  nitric  acid,  0.8  parts  of  chlorine,  and  5.0  parts  of  organic  mat- 
ter. Boiling  does  not  much  improve  such  water.  These  impurities  reach 
the  drinking-water  mainly  through  sewage  water,  which  filters  down  to  the 
wells.  They  produce  principally  gastric  and  intestinal  discuses,  and  proba- 
bly also  sometimes  typhoid  fever. 

That  the  above  named  impurities  may.  under  certain  circumstances,  set  up  infec- 
tious diseases,  particularly  typhoid  fever,  is  proven  by  quite  a number  of  old  and 
recent  observations ; although  this  is  denied  at  the  present  day  by  competent  ob- 
servers. (Compare,  on  the  first  side  of  the  question,  Bikhmkr,  Uebrr  BmteJtung  und 
Verbratung  de*  AbdomituiU}/))hvjt.  in  Voi.kma ss'e  klinitcfu  Vbrtnlge , is?:},  No.  53; 
on  the  other  side,  Ueber  die  HitUiogie  de*  Tyfhtu,  Yortnige  ton  Buhl,  Fried- 
reich, v.  Giktl,  v.  Pettknkokkk,  etc.  1872.) 

At  any  rate,  it  will  he  admitted,  that  to  provide  pure  drinking-water  is  one  of  the 
most  important  principles  of  hygiene  ; hence  the  number  of  projects  for  establishing 
waterworks  to  conduct  spring  water  into  large  cities.  Whether  a water  is  pure  Is  to 
be  determined  only  by  chemical  means  ; particularly  the  taste  is  an  unreliable  test, 
since  waters  containing  too  much  saline  matter,  and  consequently  unfit  for  use,  may 
taste  very  pleasantly.  In  doing  this  it  is  by  no  means  necessary  to  make  an  exact 
estimate  of  each  element  of  the  residue  of  the  water. 

Radi.kofek  (Zeitechr.  f.  Mini.  1805,  I , p.  90)  has  made  a thorough  examination  of 
the  organic  substances  present  in  the  wells  of  Munich. 

Under  the  name  of  delicacies  we  separate  from  the  foods  a class  of  sub- 
stances whose  ingestion  is  not  necessary  to  the  reconstruction  of  the  tissues, 
which  are  not  themselves  present  in  the  body,  but  which  must  satisfy  a 
deep  need  of  human  nature,  because  they  are  almost-  universally  used.  To 
this  class  belong  alcoholic  drinks,  coffee,  tea,  betel,  tobacco,  coca,  etc. 
Even  tin*  most  primitive  races  employ  one  or  other  of  these  substances,  of 
which  it  can  only  be  said  that  they  sometimes  excite,  sometimes  depress  the 
nervous  system,  and  somewhat  retard  tissue  metamorphosis;  and  also  that, 
under  certain  circumstances,  their  use  may  cause  serious  disease  of  the 
nervous  system,  and  later,  of  other  systems.  A consideration  of  these 
substances  individually  is  here  out  of  place. 

[Consult : Parses,  Manual  of  Practical  Hygiene.  Lond.,  18(14  ; Reich.  Syttem  dcr 
Hygiene.  1870-1  : Hammond,  A TreatUe  on  Hygiene.  I’hila. , 1803;  Pereira,  On 
b\>od  and  Diet,  1843. — Ed.] 

7.  OCCUPATION,  PROFESSION,  AND  OTHER  80CIAL  CONDITIONS. 

It  is  not  in  the  province  of  pure  aetiology  to  determine  the  importance  of 
the  first  condition,  for  the  result  to  which  the  occupation  leads  depends 
largely  on  the  degree  of  success  attained,  and  a number  of  delicate  persons 
are  never  called  to  auy  business. 
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The  question  comes  up  for  consideration  from  general  points  of  view. 
Poisons,  in  the.  form  of  powder  or  vapors,  which  sometimes  act  only  in  a me- 
chanical manner  (as  in  millers,  watchmakers,  stone-cutters,  grinders),  some- 
times chemically  (powder  of  poisonous  metals  in  foundry  workmen,  lead-pow- 
der in  type-moulders  and  house-painters, — among  gasmen):  compare  p.  04. 
l!y  too  great  or  too  restricted  movements  of  the  body,  with  consequent 
effects  upon  the  muscles,  bones,  respiratory  and  circulatory  apparatus;  the 
long  maintenance  of  certain  attitudes,  as  standing  in  compositors,  which  leads 
to  varicose  veins ; as  the  bending  forward  of  the  thorax  and  the  prevention 
of  complete  lung  expansion,  in  shoemakers,  tailors,  and  weavers,  leading  to 
congestion  of  the  lung  apices,  producing  tuberculosis  or  emphysema  ; confine- 
ment to  a room,  in  small,  badly  ventilated,  and  over-crowded  manufactories, 
and  other  work-rooms  ; or  remaining  in  the  open  air  without  sufficient  pro- 
tection against  temperature  and  dampness  ; or  a frequent  change  of  place 
while  in  a heated  state,  by  which  workmen  are  made  peculiarly  liable  to 
pulmonary  diseases;  over-exercise  of  the  muscles,  producing  atrophy  of 
these  organs  and  other  consequences;  straining  of  the  respiratory  organs, 
as  in  performers  upon  wind  instruments,  criers,  clergymen,  teachers,  con- 
ducing to  pharyngitis,  laryngitis,  pulmonary  emphysema,  etc.  In  addition  we 
must  recognize  a number  of  more  or  less  accidental  influences  incidental  to 
tlie  occupation,  as  is  the  case  with  inn-keepers,  brewers,  wine-merchants, 
fishermen,  drivers,  commercial  travellers,  and  especially  soldiers. 

The  mortality  in  European  armies  in  time  of  peace  ranges  from  1.5  to  2 per  cent. ; 
whereas  in  the  males  of  the  same  ages  in  the  civilian  population  it  is  only  0.8  to  1.2 
per  cent. 

Intellectual  callings  are  as  a rule  healthy,  especially  if  the  mental  labor 
can  be  pursued  in  a degree  of  comfort:  clergymen,  pro  fessors,  merchants, 
lawyers,  live  to  a very  old  age.  Other  intellectual  occupations  which 
necessitate  emotional  excitement  and  a free,  if  not  quite  regular  life,  more 
quickly  wear  out  the  individual ; as  in  the  case  of  politicians,  artists, 
actors.  On  the  other  hand,  philosophers  and  mathematicians,  who  are 
often  ill -nourished,  reach  on  the  average  advanced  age.  Teachers  and  phy- 
sicians, as  shown  by  statistics,  die  earlier  than  others  who  are  put  in  the 
class  of  intellectual  workers.  The  most  fortunate  are  those  whose  occupa- 
tions oblige  them  to  take  a good  deal  of  exercise,  as  farmers,  officers  in 
times  of  peace,  waggoners,  woodmen. 

The  mortality  of  the  various  professions  is  much  better  understood  than  their 
mortality.  Gasper,  Wnhrxcheinlichc  Lebenadauer , 1835.  Lombard,  Be  V influence 
<lea  profession*  sur  la  duree  de  la  vie,  1835.  Nkufvillr,  Lebenadauer  and  Todesur- 
sachen,  u.  s.  w. , 1855. 

Civilization  has  been  accused  of  having  brought  along  with  it  an  increase 
in  morbility,  and  in  the  number  of  diseases.  This  may  be  ; and  yet,  with 
improved  culture  and  an  increased  number  of  physicians,  mortality  has 
not  increased. 

In  Geneva,  according  to  the  estimates  of  Odikr  and  Mallet,  the  probable  dura- 
tion of  life  of  the  newly-born,  was  five  years  in  the  10th  century,  twelve  years  in  the 
17th  century  ; from  1701  to  1700,  twenty -seven  years;  from  1701  to  1800,  thirty- 
two  years  • from  1801  to  1813,  forty-one  years  ; from  1815  to  1820,  forty-five  years. 
In  tlie  twentieth  year  of  life  the  probable  survival  was,  in  the  10th  century,  twenty-twc 
years  • in  this  century,  forty  years.  At  the  thirtieth  year  it  was,  in  the  Kith  century, 
nineteen  years  and  thirty -two  in  the  19th  century.  At  the  sixtieth  year  there  is 
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first  observed  a more  equal  time  of  probable  survival  in  all  centuries.  In  one  hun- 
dred years  the  probable  length  of  life  of  new-born  children  has  increased  from  (5  to 
2<i  years ; in  Berlin,  from  23  to  28  years.  In  Berlin  all  ages  show  the  improved 
viability.  The  marked  improvement  observed  during  this  century,  depends  princi- 
pally upon  the  better  care  of  young  children  and  the  introduction  of  vaccination. 
The  losses  by  war.  though  affecting  the  strongest  individuals,  are  subordinate  ; even 
women  now  live  to  a greater  age. 

According  to  other  authorities  the  above  results  depend  upon  errors,  because  the 
calculations  were  made  chiefly  in  a few  large  cities.  If  the  general  mortality  has 
diminished  in  Sweden.  France,  and  other  countries,  during  the  Last  one  hundred 
years,  and  the  average  of  life  increased  from  two  to  seven  years,  it  is  in  consequence 
only  of  a diminution  in  the  births  and  in  infant  mortality.  Iu  Prussia  the  average 
length  of  life  has  not  changed  since  l^lti,  and  in  England  not  in  one  hundred  years. 
Even  if  the  duration  of  life  has  somewhat  increased,  we  must  not  conclude  that  the 
actual  greater  vitality  and  vigor  of  nations  is  proven,  or  even  made  probable.  At 
any  rate,  infant  mortality  alone  has  decreased.  Well-to-do  people  live  much  longer 
than  the  poor. 

According  to  Casper,  out  of  1,000  poor  in  Berlin,  one  third  died  in  the  first  five 
yearn  of  life,  whereas,  out  of  1,000  well-to-do  jwrsons,  one-third  had  not  died  at  the 
fortieth  year.  One  half  of  the  poor  survive  the  age  of  thirty  years,  and  one  half  of 
the  rich  that  of  fifty. 

In  England  the  Peers  are  extraordinarily  favored  ; the  gentry  (nobility  in  general), 
stand,  in  respect  to  longevity,  far  above  merchants,  and  the  merchants  above  the 
working  people.  Among  the  latter  the  agricultural  laborers  are  better  placed  than 
the  factory  workmen.  In  general,  the  influence  of  comfort  and  affluence  upon  the 
prolongation  of  life,  is  most  marked  in  infancy  and  in  old  age.  Naturally,  this  gen- 
eral statistical  result  does  uot  exclude  the  occasional  survival  of  individuals  of  the 
lower  classes  to  au  extremely  unusual  old  age. 

Usually,  we  take  adult  persons  of  the  poorer  classes  to  be  from  five  to  ten  years 
older  than  they  really  are. 

Lastly,  it  lias  been  likewise  statistically  demonstrated,  that  marriage — 
without  regard  to  early  or  late  marriage — has  an  extraordinarily  favor- 
able influence  upon  fhe  duration  of  life.  The  regular  life  which  the  mar- 
ried state  carries  with  it,  together  with  the  better  care  of  the  individual 
during  illness,  are  favorable  to  longevity.  This  is  apparent  in  both  sexes, 
but  more  so  in  the  male  sex.  The  difference  of  probable  survival  in  the 
married  over  the  unmarried,  and  especially  the  widowed,  is  quite  im- 
portant. 

According  to  Casper  a married  man  has  the  prospect  of  becoming  sixty  years 
old,  while  a bachelor  must  ho  content  with  forty -five  years  of  life.  Whereas,  one 
quarter  of  married  men  reach  the  age  of  seventy  years,  only  one-twentieth  of 
single  men  attain  it.  In  this  connection  we  should  remember,  however,  that  very 
many  men  die  between  the  ages  of  twenty  and  thirty  years  ; that  on  the  whole  few 
men  marry  before  thirty,  and  that  consequently  the  nuralier  of  married  men  dying 
between  twenty  and  thirty  must  lie  relatively  very  small  Among  the  insane  and 
suicides,  from  two-thirds  to  three-fourths  are  unmarried.  Similar  results  have  been 
reached  by  Deparcikiix,  Odjer,  and  others. 


8.  PARASITES. 

Swammerdamm,  7> tbel  der  \atnr.  Uebers.,  17f>2. — Van  Doeverex,  Abh. 
r.  fl.  II  iirmem  im  mrnschl.  Ixorper.  I ebers. , 177(5. — Goze,  T ors,  einer 
.V  atn rrjenrh.  der  Eingeweiden.  ihier.  h'orprr,  1 782. — Zeder,  A nleit.  zur  XaU 
vnjcsch.  <ln-  Eingeiveidwiirmer,  1803. — Rudolphi,  Entozoorum  hist.  nat. 
1808—10. — Bkemsek,  ( fbrr  lebende  T\riirtner  im  lebenden  Aferuchen,  1819. — 
S<  uon leix,  Mull.  Arch.,  1839.  p.  82.--  Steenstrup,  JTeber  <1.  Qsnerations- 
WcchneJ,  1842. — SlKBOl.D,  Arch.  f.  Xaturgesch.,  183ft,  L,  p.  59;  Art.  Pnras- 
it'-n  in  R.  Wagner’s  ILlwtirterb.  <1.  Physiol.,  1 1.,  p.  640,  1844. — Dujardin, 
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Hist.  nni-ur.  des  helminthea.,  1845. — Vogel,  A Ilf/,  path.  Anal.,  1815,  p.  385. 
— Berthold,  Gott.  Kachr.,  184!),  No.  13. — v.  Benkden,  Les  vers  cestoid es 
ov  acolytes,  1850. — Diesing,  Systema  helrninthvm,  1850-51.— Bobix,  Hist, 
vat  nr.  des  Vegetaux  parasites,  1853,  with  Atlas.— Wedl,  Grundz.  d.palh. 
J/istol. , 1853. — KUchenmeistkk,  Die  in  and  an  dern  Kiirper  des  lebenden 
Menschen  vorkommenden  Parasiten,  1855. — Virchow,  Arch.,  185G,  IX.,  p. 
^ft‘ • — t'ERVAis  and  van  Beneden,  Zoologie  medicate , 1859. — Davaine, 
Traite  des  entozoavres  et  des  maladies  vermineuses , 18(10. — Pasteur,  Ann. 
de  cl  I bn.  et  de  phys.,  1800.  C.  LXIV.,  p.  1 ; Ann.  des  sc.  nat,  zool. , 1801. 
D.  XVI. — Barenspbuno,  Ann.  d.  Char.,  1862,  X.  1 H.,  p.  37. — R. 
Leuckart,  Die  menschl.  Paras,  u.  die  von  ihnen  herrv.hr.  Krankh.,  I.,  1802, 
u.  1803,  II.,  1 Lief.,  1867  ; 2 Lief.,  1808. — Kobner,  Klin.  u.  exper.  Mitth. 
aas.  d.  Dennat.,  1864. — IIallier,  Jen.  Zlschr.,  1805,  p.  231.  Die  pjianzl. 
Paras.,  1800. — M‘Call  Anderson,  On  the  Paras.  Affect,  of  the  Skin,  2 ed. 
1808. — Karsten,  Chemismus  der  PjlanzenzeUe.,  1809. — Neumann,  Lehrb.  d. 
J fautkrankh.,  1870. — Eidam,  Der  geyenw.  iStandpunkt  d.  Afycologie,  1871. 
— ZtJRN,  Die.  th  ier.  Paras,  auf  u.  in  d.  Korper  unserer  /faussdvgethiere, 
1872. — Cohn,  Jieitr.  z.  /Hoi.  d.  Pjtanzcn.,  2 H.,  1872,  p.  127. — Steudener, 
1 'olkm.  klin.  1 ortr.,  1872,  No.  38. 


Parasites  are  animal  or  vegetable  organisms  which  spend  their  whole 
life,  or  certain  periods  of  it,  or  live  only  temporarily  upon  or  within  another 
living  organism,  for  their  nourishment  or  development. 

Pseudo-parasites  are  those  parasites  which  only  casually  happen  upon 
man,  because  they  here  find  moisture,  warmth,  and  organic  substances  in 
decomposition  (many  fungi  and  infusoria). 

Of  many  organisms  is  it  questionable  whether  they  are  parasites  or  pseudo-para- 
sites. 


A.  VEGETABLE  PARASITES. — PHYTOPARASITES. 

The  vegetable  parasites  occurring  in  the  human  body  belong  to  the  cryp- 
togams, anil  to  the  fungi  and  schizomycetes.  A number  formerly  classed 
among  the  alga1,  are  now  known  as  lower  development-forms  of  fungi.  Ex- 
ceptionally perhaps,  the  sarcina  is  an  alga. 

Cryptogams  are  those  plants  which  without  preceding  visible  blossom 
and  fruit  propagate  by  means  of  simple  cells,  or  cell-groups  (spores,  germ- 
granules),  and  which  develop  immediately,  or  in  form  of  a sprout,  into  a 
new  individual.  Those  cryptogams  which  interest  us  are  (in  opposi- 
tion to  the  vascular  and  leaf-forming  cryptogams)  the  so-called  cell  or  frond- 
plants — the  thallophytes  ; the  frond  or  thallus  represents  in  the  organization 
root,  stem,  and  leaf. 

A a.  Fungi. 

In  the  class  of  fungi  belong  those  frond  plants  which  have  no  chloro- 
phyll in  their  cells,  and  receive  their  nourishment  only  from  previously 
organized  matter,  and  are  therefore  incapable  of  forming  all  of  their 
organic  ingredients  out  of  inorganic  matter ; which  take  oxygen  from  the 
air,  and  in  return  secrete  carbonic  acid.  With  respect  to  the  second  trait, 
these  are  distinguished  : true  parasitic  fungi,  which  draw  their  nourishment 
from  the  fluids  of  living  organisms;  and  those  which  live  only  on  decaying 
substances  (saprophytes,  carrion-fungi). 

The  whole  vegetative  body  of  fungi,  the  thallus,  consists  (a  few1  doubt- 
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ful  cases  excepted)  of  filiform,  more  or  less  branched  elements,  the  fungus- 
filament  or  hyphen.  These  grow  at  the  extremities,  and  the  terminal 
cell  is  always  the  only  one  to  divide.  The  two  principal  members  of  the 
thallus  are:  1.  Apart  diffused  within  or  upon  the  substratum,  to  take 
and  store  up  nourishment:  the  root-frond,  mycelium  or  rhizopodium  : 2. 
the  bodies  springing  from  it,  which  bear  the  propagating  organs ; the  fruit- 
bearers  or  fruit-filaments  (stipiits,  peduncrdi). 

The  mycelium  possesses  neither  in  itself  nor  in  its  filaments  special 
peculiarities,  so  that  it  is  difficult  or  impossible  to  determine  even  approx- 
imatively,  to  which  species  of  fungus  a sterile  mycelium  belongs.  Espe- 
cially is  this  the  case  with  most  parasitic  fungi.  The  fruit-bearers  support 
the  organs  of  reproduction.  The  latter  represent  the  cells,  which  are  the 
germs  of  new  individuals  (spores,  etc.),  as  well  as  the  mother  cells  from 
which  they  are  generated  (asci,  etc.).  The  fruit-bearers  consist  either  of 
a single  fungus  filament  (fruit-filament,  fruit-hyphen),  or  they  form  a 
compound  fungus  body  (fruit-body). 

The  propagation  of  fungi  is  in  no  case  through  spontaneous  generation, 
but  takes  place  partly  in  an  asexual,  partly  in  a sexual  manner.  The 
former  only  is  of  interest  to  us.  The  fungus  spores  are  developed  in  three 
ways : by  free  cell  formation  (the  mother-cells  are  called  asci,  theca*,  spore- 
pouches) ; by  constriction  (the  mother-cells  are  called  basidians)  ; by  a 
growth-like  or  vegetative  process;  cell-fission  or  gemmation  (the  mother- 
cells  are  called  sporangia).  The  mature  spores  are  either  movable 
(moarin-tporegy  zoospores),  or  motionless.  The  former  embrace  propor- 
tionately few  fungi:  they  are  naked,  protoplasmic  forms,  without  a distinct 
cellulose  membrane,  from  whose  surface  two  vibrating  cilia,  at  the  most, 
spring  forth.  All  of  the  remaining  sjiores  are  without  independent  motion  : 
they  have  at  the  time  of  maturity,  or  even  earlier,  a permanent  cell-mem- 
brane which  consists  of  an  outer  layer  (episporium),  and  of  an  inner  layer 
(endosporium). — Most  spore  membranes  an*  characterized  by  their  great 
resistance  to  decomposition  and  strong  reagents,  especially  concentrated  min- 
eral acids.  The  contents  of  the  spores  consist  of  a mass  of  protoplasm, 
homogeneous  or  containing  in  variable  quantity,  granules,  oil  globules, 
and  vacuoles,  and  are  usually  without  a nucleus.  The  spores  are  so  devel- 
oped that  the  membrane  first  bursts,  and  tbe  contents  protrude  in  the  form 
of  a pouch;  this  germ-pouch  elongates  more  and  more;  receives  a sheath 
and  branches,  and  thus  forms  the  mycelium.  It  is  in  the  fresh  state  largely 
composed  of  water ; when  dry,  it  actively  imbibes  moisture  from  the  sur- 
rounding medium. 

Spores  are  tiie  chief  means  ok  titk  great  spread  ok  fungi.  Their  small 
size  aud  lightness  make  it  possible  for  them  to  spread  everywhere,  not  only  in 
liquids,  but  also  through  the  air.  The  examination  of  dust,  pf  particles  in  the  atmos- 
phere, of  human  and  animal  se-  and  excretions,  also  the  special  experiments  of 
Pasteur,  and  others,  have  shown  that  fungus  spores  capable  of  development  are 
present  everywhere. 

The  principal  conditions  for  the  growth  of  fungi  are:  moderate  warmth 
(0-40°  C.),  moisture,  some  oxygen,  stagnant  and  seldom  renewed  air,  and 
organic  substance.  Light  is  unnecessary.  Many  fungi  grow  only  in 
specific  liquids. 


Tlie  quantity  and  quality  of  the  nourishment  and  surrounding  media,  exercise 
great  influence  upon  the  form  and  mode  of  fructification  of  fungi.  In  one  medium 
the  mycelium  increases  greatly,  while  in  another  it.  diminishes  to  the  finest  filament ; 
with  one  food  the  fungus  pushes  forth  vigorous  spores,  with  another  it  constricts  the 
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spore  pencil,  with  a third  it  divides  into  yeast  fungi.  Upon  this  depends  the  so-called 
pleomorp/tixtn  (Tulawf.)  ; i.e.,  the  same  plants  can  occur  under  two  or  more  forms,  as 
well  with  respect  to  the  organs  of  vegetation  as  to  those  of  fructification.  Also  the 
weather,  amount  of  water,  etc.,  have  an  influence  upon  the  increase,  etc.,  of  fungus. 

1 — II  a 1,1.  non  has  recently  given  the  theory  of  Tolahne  an  undue  importance;  Bonok- 
Ijen  rejects  it;  lie  Bary  assumes  an  intermediate  position. 

The  pathologically  important  fungi  belong  to  the  following  groups: 


Dust  ok  Germ-Fungi,  Conio-  ok  Gymnomyoetes. 

They  consist  of  single,  clustered,  or  loosely  connected  spores  of  one  or  more 
cells,  which  germinate  and  develop  into  a filiform  mycelium,  out  of  which 
spores  are  formed  by  constriction.  These  not  uncommonly  happen  upon 
the  same  plant  in  two  different  forms.  With  this  there  may  also  be  forma- 
tion of  so-called  conidia,  or  secondary  spores.  1 lere  belong  the  rot  and 
grease,  as  well  as  the  rust  of  grain,  and  probably  the  several  fermentation 
or  yeast-fungi. 


My  CODE  km  A ( ( 1 ryptococeus , Jlnrmucium , >Saccha  romyces ) . 

Beek-yeast  [Micrococcus  or  Cryjrfocroccits,  or  To  tula  cerevmw)  con- 
sists of  large  (0,004-0,008  mm.),  round,  or  oval  colorless  cells  which  con- 
tain one,  less  often  two,  bright  nuclear  bodies  resembling  oil-globules. 
Mycelium  is  wanting.  From  these  cells  new  cells  arise  by  a process  of 
budding.  The  new  cells  arise  either  by  constriction,  two  clinging  together, 
or  many  new  ones  bud  forth,  so  that  an  entire  row  of  cells  hanging  one  to 
another  is  formed,  but  which  are  not  transformed  into  proper  filaments. 
The  former  is  a sub-form  which  is  found  during  fermentation  at  a temper- 
ature less  than  10“  C.,  the  latter  a higher  form,  which  occurs  at  a temper- 
ature above  10°  C.  They  are  found  in  diabetic  urine,  and  in  the  contents 
of  all  parts  of  the  digestive  canal  from  the  mouth  to  the  anus  (coating  of 
the  tongue,  vomit,  diarrhceic  stools) — Their  pathological  significance  is  still 
doubtful. 

Wine-yeast  (Myc.  vini). 

VlNEGAK-YEAST  (Myc.  arcti). 

Milk-  yeast  ( O'idium  lactis). 

The  last  can  grow  fungus-like,  if  submerged,  while  upon  the  surface  a 
mycelium  of  cylindrical  articulated  filaments  arises,  from  which  shoots 
grow  up  into  the  air,  whose  long  cells  separate  easily.  The  milk-yeast  be- 
comes similar  to  higher  forms  of  beer-yeast,  when  it  comes  in  contact  with 
solutions  of  milk-sugar  in  a confined  atmosphere.  It  is  found  upon  sour 
milk,  and  especially  in  the  acid  fermentation  of  milk-sugar,  where  lactic 
acid  is  forming. 

Soveral  opinions  concerning  the  nature  of  the  yeast-fungi  prevail.  Some 
f Schwann,  PastkUR.  and  others)  consider  them  organisms  uni  generis,  which  arise 
in  fermentable  liquids  from  their  own  specific  germs.  According  to  Bail,  Bonor- 
]>EN.  Hallikk,  Hoffman,  and  others,  they  are  only  conditions,  especially  of  mould 
fun^i  occurring’  in  fermentable  liquids,  particularly  the  spore-forms,  or  sprouts  of 
fungi,  which  in  the  atmosphere  fructify  in  other  forms;  they  originate  likewise  from 
spores,  it  may  be  from  yeast -cells  themselves,  or  from  other  forms  developed  in  the 
air,  when  they  reach  a liquid. 
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Filamentous  fungi,  IIyphomycetes. 

The  mycelium  of  these  fungi  consists  of  lengthened,  tubular  cells  strung 
to  one  another  in  various  ways,  which  form  filaments  and  often  present 
very  elegant,  regularly  branched  figures.  The  spores  originate  within  the 
filamentous  parts,  or  on  the  end  of  them,  and  at  maturity  become  free  by 
constriction.  Here  belong  the  fungus  of  the  muscardine  of  the  silk- worms 
( Botrytis  bassiana),  the  potato  disease  ( Fusisporium  solan i),  the  wine- 
grape  disease  ( Oidium  I’uckeri),  mould,  the  fungi  of  diseases  of  the  skin 
and  mucous  membranes. 

Mould-like  forms  are:  Penicillium  glaucum , a.  cnutaceum,  common 
mould,  pencil- mould. 

It  forms  the  greatest  portion  of  the  mould  commonly  occurring  upon 
almost  all  vegetable  decomposing  substances  (e  g.  bread,  fruit),  more  rarely 
of  that  occurring  upon  animal  substances.  The  erect  fruit  bearers,  cross- 
partitioned,  are  raised  upon  a septate,  abundantly  nud  irregularly  branched, 
colorless  mycelium.  The  points  are  tufted,  and  upon  the  ends  of  the 
branches  are  formed  numerous  awl  shaped  sterygmata ; each  of  these 
becomes  constricted  into  a long  chain  of  spherical  conidia,  which  at  first 
are  connected,  and  furnish  the  pencil-shaped  appearance. 

Asjiergillus  glaucus , bluish-green  mould,  club-mould. 

Found  widely  spread,  especially  on  old  wood  as  a fine  cobweb-like  growth. 
It  is  frequently  found  with  the  foregoing  form.  It  consists  of  a similar 
mycelium.  The  fruit-filaments  thereon,  almost  perpendicular,  and  mostly 
inarticulate,  are  expanded  at  their  free  extremities  into  a club-shaped  basi- 
dian,  on  which  sterygmata  appear  encircling  it,  and  which  by  constriction 
furnish  series  of  greenish,  fine  bristly  spores. 

^ ith  aspergillus  there  occurs  on  a mycelium  the  eurotium  her  bar  torn  in, 
once  thought  to  be  distinct.  Since  both  belong  together,  the  fungus  is  now 
called  eurotium  aspergillus  glaucus. 

J/vcor  mucedo  and  mucor  racemosus,  often  found  on  excrement  and  old 
articles  of  food.  The  bladder-like  swollen  fruit-hyphen  (columella-)  are 
upon  an  abundantly  branched,  long-filamentous  mycelium,  which  with  age 
becomes  septate.  The  abundant  spores  become  free  by  the  bursting  or  dis- 
solving of  the  wall  of  the  sporangium. 


Bb.  c LIFT- FUNGI,  sciiizoMYcETES  (Bacterium,  Micrococcus). 

rl  hose  belong  to  fungi,  as  far  as  they  are  cellular  plants,  which  are  wanting 
in  chlorophyll,  and  do  not  assimilate  carbonic  acid  ; but  they  are  distin- 
guished by  the  want  of  mycelium,  and  of  basidian  and  ascan  spores.  Their 
increase  is  only  in  an  asexual  manner,  by  budding.  Their  distribution  is 
extraordinarily  great.  Common  atmospheric  air,  as  well  as  water  of  all 
kinds,  except  fresh  distilled  water,  even  snow  water,  and  that  from  the 
melting  of  pure  ice,  contain  their  germs.  The  tissues  ami  fluids  of  the 
normal  human  body  are  free  from  them,  with  the  exception  of  the  skin, 
ami  easily  accessible  mucous  membranes. 

Historically  noteworthy  are:  Leeuwenhoek,  O.  F.  MCller;  of  all  others 
Ebre.vbkho  (in  1880  first  introduced  the  family  of  the  Vibriones  ; in  1888  the  four 
genera:  1 heterium , Vibrio,  Spirvclurta,  Spirillum)  • also  Dijardin,  Pasteur,  Hal- 
lier,  Nasgeli.  Corn. 

The  name,  Schiunnycetes  (N.kgku),  is  suggested  by  the  great  fragility  of  the 
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formations.  The  name  Bacteria  (Hoffmann,  and  others),  is  used  by  many  synony- 
mously. 

The  classification  of  bacteria  with  fungi  is  differently  received  by  different  authors  ; 
most  probably  they  are  to  be  separated  from  them  (Nasgklj,  Dk  Bary,  Hoff- 
mann, Coiin),  in  opposition  to  Haulier,  who  regards  them  as  yeast-forms,  or 
micrococcus- swarms  of  certain  fungi  (penicillium,  etc.) — Consult  Nacoeli,  Botnn. 
/if/.,  1857,  p.  700.  Coiin,  Nona.  act.  acad.  Leap.,  XX IV.  I.  Botnn.  Ztf/.,  1871,  p. 
801. 

With  respect  to  the  extraordinarily  great  importance  which  the  schizomycetes 
already  enjoy  as  causes  of  individual  diseases,  as  well  as  the  confusion  which  exists 
in  the  botanical  and  pathological  data  of  this  chapter,  I prefer,  in  the  following 
botanical  portion,  to  follow  almost  entirely  the  most  recent  work  of  Coiin. 

According  to  Hoffmann  ( Botan . Ztf/,  1880,  No.  15-17),  the  kinds  of  achizo- 
rnycetes  brought  forward  by  Ehrknbkkg,  Df.iardin,  Pasteur,  and  others,  pass 
into  one  another;  peculiarities  which  are  to  be  held  as  characteristic  of  the  species, 
and  which  in  various  ways  change  in  the  course  of  development  as  there  are  changes 
in  the  external  conditions  of  life.  H.  includes  in  the  bacterian  series  five  forms  : 
monads,  rods,  vibrios,  leptothrix  and  zooglda.  All  these  are  found  to  appear  to- 
gether in  infusions;  those  which  have  been  putrifying  for  months,  are  richer  in 
the  larger  forms  than  those  which  have  undergone  decomposition  only  for  a shorn 
time. 

Bacteria  are  cells  destitute  of  chlorophyll,  with  a globular,  oblong  or 
cylindrical,  twisted  or  curved  form,  which  increase  exclusively  by  trans- 
verse division,  and  vegetate  in  an  isolated  manner  (single-cell  bact.)  or  in 
cell-families  (filamentous  bact.)  Bacterian  cells  possess  a nitrogenous, 
mostly  colorless  protoplasm,  which  is  more  strongly  refractive  than  water, 
and  for  the  most  part  contains  shining  fat-like  granules.  The  non-alburui- 
nous  but  cellulose-like  cell  membrane  is  not  destroyed  by  potassa  and  am- 
monia, nor  by  acids,  and  resists  putrefaction  for  a very  long  time.  One 
group  of  bacteria  forms  jelly-like  masses  (zooglda),  the  other  group  consists 
of  bacteria  which  are  freely  dispersed,  or  occur  in  swarms. 

In  the  globular  and  rod-shaped  bacteria,  the  daughter-cells  are,  as  a rule,  separated 
immediately  after  division ; sometimes,  however,  the  cell-generations  remain  con- 
nected, whilst  their  cell-membranes  swell  up  into  jelly-like  limpid  intercellular  sub- 
stance, and  are  united  into  larger,  sharply-defined,  elastic,  supple,  jelly-like  masses; 
Zoooi.oA,  Coiin.  These  constitute  diffuse  or  formed,  irregularly  globular,  clustered  or 
pouch-like,  lobed  or  branched  jelly-like  masses  swimming  in  water  or  spread  out 
upon  a substratum,  and  in  which  bacterian  cells  are  inclosed  in  varying  proportions. 
Jn  these  jelly-like  zooglda  the  bacteria  divide  still  farther;  when  especially  rapid 
increase  takes  place,  the  young  cells  are  very  closely  pressed  against  one  another, 
and  the  intercellular  substance  is  little  developed ; later  the  cells  separate.  To 
the  naked  eye  the  jelly-like  masses  appear  as  colorless  flocculi  swimming  in  water, 
which  are  deposited  upon  the  external  surface,  walls,  or  bottom  of  a vessel,  when 
greatly  increased,  forming  jelly-like  masses,  or  thick  gristly  membranes  of  many  cent, 
in  circumference.  If  the  water  contains  iron  in  solution,  this  is  readily  precipitated 
as  an  oxyhydrate,  and  the  jelly  is  colored  reddish-brown.  If  sulphuretted  hydrogen 
is  generated  in  this  water,  the  rusty-brown  zooglua  are  blackened  as  in  spoiled  well- 
water.  The  bacteria  cells,  imbedded  in  the  jelly-like  substance,  do  not  perish,  since 
they  not  only  increase  very  greatly,  but  also  easily  free  themselves  by  solution  of  the 
jelly,  and  then  they  swim  freely  in  all  directions  in  the  water.  The  filamentous  and 
screw-bacteria  never  occur  in  jelly-masses,  but  scattered  or  in  swarms. 

The  formation  of  swarms  occurs  iu  all  bacteria,  if  they  congregate  within  a 
liquid  in  consequence  of  abundant  nourishment,  or  hungering  for  oxygen  rise  to  the 
surface  of  it  in  endless  multitudes.  The  bacteria  swarm  is  distinguished  from  the  jelly- 
like  zoogloa  by  the  fact  that  the  cells  of  the  latter  are  immovably  cemented  by  the 
intercellular  substance.  On  this  account  the  zoogloa  in  water  have  a sharply  defined, 
for  the  most  part  spherical  contour,  which  appears  so  much  the  more  distinct,  be- 
cause, the  bacteria  cells  are  more  densely  deposited  on  the  walls  of  the  jelly-like  mass, 
than  in  the  middle  of  it.  The  bacterian  swarms,  on  the  other  hand,  exist  merely  as 
free,  movable  cells,  hut  which  often  are  so  densely  congregated  that  they  almost 
come  iu  contact,  thereby  forming  a mucous  mass ; in  moving  water  the  individual 
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cells  disperse,  since  they  are  held  together  by  no  intermediate  substance.  In  fresh 
water  the  bacterian  swarms  lie  for  the  most  part  near  the  surface,  often  in  a large 
mass,  one  centimetre  thick  and  almost  oleaginous,  which  penetrates  like  slimy-gum 
into  the  deeper  thin  portion  of  the  liquid.  On  the  surface  of  liquids,  in  which  bac- 
teria propagate,  there  are,  as  a rule,  very  thin  iridescent  pellicles,  in  which  motionless 
bacteria  arc  often  very  regularly  arranged  in  parallel  rows.  The  pellicles  are  distin- 
guished from  the  zoogl  >a  by  the  fact,  that  in  the  latter  the  cells  are  united  into  glob- 
ular masses  by  intercellular  substance,  whilst  in  the  former,  only  a simple  layer  is 
present  without  intermediate  substance. 

Another  form  in  which  bacteria  appear,  is  that  of  a pulverulent  precipitate. 
As  soon  as  the  nutritive  material  in  a liquid  is  exhausted,  the  farther  increase  of 
bacteria  is  arrested,  and  the  little  bodies  are  gradually  precipitated  to  the  bottom  of 
the  vessel ; the  liquid  becomes  clearer,  earliest  at  the  surface,  the  white  powdery 
mass  at  the  bottom  becomes  thicker  and  denser.  All  kinds  of  bacteria  are  indis- 
criminately mixed  in  the  precipitate ; they  are  only  partly  dead,  for  the  most  part 
they  are  in  a state  of  quiescence,  like  yeast-cells  in  a fermented  liquid. 

Most  bacteria  exists  in  a movable  and  a motionless  state.  The  move- 
ment consists  in  a rotation  about  tin-  long  axis,  to  which  in  the  longer  and 
more  supple  forms  are  also  added  active  and  passive  movements,  and 
stretchings  in  the  direction  of  the  length  of  the  filament,  never  spiral 
movements.  Motion  appears  connected  with  the  presence  of  oxygen  ; in 
the  absence  of  oxygen  the  condition  is  one  of  rest.  The  motionless  state 
is  lasting,  it'  the  bacteria  are  united  into  jelly-like  masses  or  pellicles;  in 
globular  and  certain  lilameutous  liacteria  motion  is  never  observed. 

It  is  doubtful  whether  spore  or  conidian  formation  takes  place  in  bacteria. — 
Consult  ItlNPKl.KfscU,  Virrh.  Areh..  Is;-,*.  L1V.,  p.  tWlj. 

Bacteria  (especially  term)  develop  and  increase  in  an  extraordinary  manner 
in  a so-called  nutritive  liquid,  which  is  free  from  albuminous  compounds  and  sugar, 
but  contains  lies  ides  a certain  quantity  of  mineral  substances  (phosphoric  acid,  |K>- 
tassa,  sulphuric  acid,  lime  and  magnesia)  only  ammonia,  or  tartaric  acid  : the  for- 
mer is  the  nitrogenous,  the  latter  the  carbon  source  of  bacteria.  Tartaric  acid  may 
also  be  supplanted  by  any  organic  compound  of  carbon,  with  the  exception  of  car- 
bonic acid. 


I.  (Sroup:  Sphero-bacteria. GLOBULAR  bacteria. 

(Pasteur's  .1  f»ruu,  or  Mymdermn.  Ehrenbero’s  Mona*  crepusoulum  and  jrrodigi- 
<mt.  Hoffman's  Modus  crepusctUum,  Haulier's  Micrococcus.) 

Globular  bacteria  are  spherical  or  oval  cells,  mostly  under  0,001  mm. 
in  size,  without  granular  contents,  with  a membrane  possessing  a double 
contour.  The  cells  are  connected  in  pairs,  and  at  the  point  of  division  are 
deeply  constricted.  By  progressive  division  there  are  formed  short  chains 
of  3,  -t  to  8 and  more  parts,  which  are  stiff  and  bent,  and,  in  consequence 
of  the  constrictions,  moniliform.  Or,  the  chains  are  irregularly  broken, 
zigzag,  and  thus  there  are  formed  dense  and  confused  accumulations  of 
Cells,  colonies,  which  consist  of  a great  number  of  cells,  and  are  irregularly 
arranged  with  respect  to  one  another.  Or,  finally,  the  daughter-cells  aris- 
ing from  this  division  into  twos,  do  not  arrange  themselves  in  chains, 
but  at  once  form  irregular  deposits  beside  the  mother  cells,  and  are  con- 
nected with  them  by  intercellular  substance.  Thus  are  formed  masses  of 
numberless  globular  cells,  which  form  jelly-like,  often  very  tough,  fibrous, 
drop-like,  or  membranous  mucous  masses.  This  mucous  formation  is  the 
normal  form  assumed  by  those  kinds  which  appear  in  pathological  pro- 
cesses, and  which  cover  the  diseased  organs  in  a dense  layer,  or  are  depos- 
ited into  the  interstices  of  the  tissues.  (This  condition  corresponds  to  t lie 
zoogl ba  form  of  the  rod-bacteria,  hut  is  distinguished  from  it  mostly  by  the 
less  development  of  intercellular  substance ; in  consequence  of  which  the 
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globular  cells  are  closely  pressed  together,  and  present  under  the  microscope 
an  extremely  characteristic,  closely  punctated  or  finely  granular,  shagreen- 
like appearance.) 

It  is  difficult  to  distinguish  globular  bacteria  from  the  amorphous,  pulverulent, 
molecular  deposit  (detritus)  of  the  most  various  organic  and  inorganic  substances 
(carbonate  and  oxalate  of  lime,  resin,  india  ink,  but  especially  from  fatty  and  albu- 
minous substances.) 

Kybkr  ( Dorp . med.  ZtMC.hr.,  1872,  III.  1 H.,  p.  44)  regards  as  vegetable  forms  only 
those  isolated  granules  which  are  provided  with  cilia.  The  granules  of  granular 
coagulated  fibrin  dissolved  by  the  addition  of  acetic  acid,  the  molecules  of  granular 
degenerated  hepatic  and  renal  epithelium,  the  granules  generated  in  hyaline,  mucus 
by  acetic  acid,  the  pigment  molecules  of  the  choroid — all  have  a globular  nucleus  and 
their  incessant  motion,  the  Brownonian  molecular  movement,  is  not  to  be  distin- 
guished from  the  movement  of  the  micrococcus.  Most  of  these  granules  are  dissolved 
or  rendered  pale  in  acids  and  caustic  alkalies  more  easily  than  the  micrococcus,  only 
the  pigment  granules  of  the  choroid  are  more  resistant  than  the  latter.  The  arrest 
of  the  movement  by  the  action  of  concentrated  acids  and  caustic  alkalies  leads  K.  to 
conclude,  that  the  little  bodies  having  become  softer,  and  the  medium  simultaneously 
more  dense,  the  movements  produced  by  ordinary  jars  of  new  currents  in  the  fluid 
escape  our  senses,  but  with  a high  magnifying  power  are  seen  as  a lively  trembling  or 
turning.  K.  holds  the  vital  movement  of  the  micrococcus  not  to  differ  from  molec- 
ular movement  generally. — Consult  also  Lex  {!).  Ztschr.f.  off.  GesundJuitspfl. , 1872, 
IV.,  p.  47). 

Besides  by  their  form  and  movement,  globular  bacteria  are  to  be  distinguished 
from  rod- bacteria  by  their  function. 

1st  Genus.  Micrococcus,  Cohn. 

Cells  colorless  or  slightly  colored,  very  small,  globular  or  oval,  united  by 
transverse  division  into  short  moniliform  filaments  of  two  or  more  mem- 
bers ( mycothrix , tonda-fomm),  or  into  rmmy-celled  families  (colonies,  balls, 
heaps)  or  into  mucous  masses  ( zoogloa-form,  my  coder  nut -form),  without 
MOVEMENT. 

To  this  genus  belong  the  following  three  “ physiological  species,”  since 
the  distinction  as  to  form  and  size  is  very  difficult. 

a.  pigment  bacteria  ; chromogenic  globular  bacteria  ’ chromogenic  forms 
of  micrococcus,  globular  bacteria,  which  appear  in  colored  jelly-like  masses. 

They  vegetate  in  the  form  of  zoogloa  (mycoderma  of  Pasteur).  They  form  mu- 
cous masses,  which  in  consequence  of  a very  quick  cell-increase,  develop  in  a short 
time  upon  the  surface  of  their  sometimes  liquid,  sometimes  solid,  mostly  organic 
nutritive  substance  ; and  they  are  sometimes  completely  enveloped  in  colorless  mucus. 
Pigment  occurs  only  in  contact  with  air.  All  create  an  alkaline  reaction.  Air  always 
contains  germs  of  these  bacteria.  The  generation  of  pigment  is  not  a result  of  ex- 
ternal conditions  (variety  in  nourishment,  etc.),  but  of  specific  and  transmitted  pe- 
culiarities. 

a.  INSOLUBLE  COLORING  matters  (red  and  yellow). 

1.  Micrococcus  prodigiosus,  Coiin  (moans  prod.  Ehrenberg.  Palnu-Ua prod.). 

Causes  of  the  seeming  blood-spots  which  sometimes  during  moisture  appear  on 
wafers,  bread,  potatoes,  etc. 

2.  Micrococcus  luteus , C. 

0.  SOLUBLE  coloring  matters  (orange,  green,  and  blue). 

8,  4,  5,  (i.  Micrococcus  aurantiaceus,  m.  chlorinus , in.  cyaneus , m.  viola cms. 

These  do  not  belong  to  the  globular  bacteria  which  color  milk  blue  and  yellow, 
and  pus  like  verdigris  ( vibrio  synxauthus,  etc.  Eiih.,  bacteridium  arugineum 
SCIIItOETER). 
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7.  micrococcus  urea:  : ferment  of  the  urine ; ferment  of  ammoniacal  fer- 
mentation. 

From  the  researches  of  PASTEUR,  V.  TrEGHEM  and  Co  UN,  it  appears  that  fresh  acid 
urine,  after  having  stood  exposed  for  two  days  at  a temperature  of  30°  C. , is  cloudy 
from  development  of  globular  bacteria,  winch  separate  as  globules  or  oval  cells, 
swim  about,  or  become  connected  by  twos,  fours,  eights,  chain-like  (torula-form ) 
etc.  Later,  rod  and  filamentous  bacteria  also  appear. 

c.  pathogenic  globular  BACTERIA  : “ ferments  of  contagion.” 

8.  micrococcus  vaccina:  ( uiirfosphwra  vaccina ?,  Cohn). 

Researches  of  ZCrx,  Halliek,  Keiieh,  Wkigert,  Coiin. 

9.  micrococcus  diphtiiehicus,  according  to  many  the  cause  of  diph- 
theria (vide  ifra.) 

10.  micrococcus  sept  let's  ( microeporon  sejdicum,  klebs),  according  tc 
many  tiie  cause  of  pyaemia. 

11.  micrococcus  bombycis  (muxrotym  bomb.,  B fen  amp). 

The  cause  of  a very  destructive  epidemic  among  the  silk-worms  of  southern 
France,  but  altogether  different  from  inianirtline  and  gattine. 

The  micrococcus  especially  has  in  later  years  been  the  subject  of  the  most  zealous 
inquiry.  It  appears  in  microscopic  investigations  with  extraordinary  frequency, 
some  specimens  almost  everywhere,  when  they  are  looked  for  in  a not  entirely  frtsh 
part  of  the  body;  it  is  probably  also  constant  in  some  contagious  general  dis- 
eases. If  the  micrococcus  happens  in  great  quantity  within  a bloodvessel,  it  is  most 
easily  recognized  by  its  disposition,  by  the  peculiar  smalluess , the  brightness,  etc., 
of  its  individual  elements.  It  is  not  changed  by  alcohol,  ether,  chloroform,  caustic 
alkalies,  and  not  too  concentrates!  acids.  Iodine  colors  it  yellow  ; carmine  and 
hsmatoxylin  sometimes  color  it,  sometimes  not.  If,  on  the  other  hand,  the  micro- 
coccus occurs  singly,  or  in  too  small  numbers  free  from  or  within  cells,  the  distinction 
between  it  and  other  forms  of  molecules  is  often  impossible. 

LCDKR8  and  Hessen  (Arch./.  micr.  Aunt 1867,  III.,  pp.  318,  842)  found  in  the 
blood  of  healthy  dogs,  which  had  been  withdrawn  with  all  precaution,  alter  it  had 
btood  for  three  days  at  40°  C. , vibrios,  while  in  the  same  blood  which  had  been  kept 
cold,  they  were  found  wanting.  Klebs  (Arch.  f.  exp.  Path.,  1873,  I.,  p.  81)  with 
like  precautions  failed  to  find  them  in  the  blood  of  healthy  dogs. 

A com pleto  isolation  of  micrococci  has  not  yet  been  possible ; the  demonstrating 
experiments  of  many  have  not  been  successful  in  the  hand  of  others.  CilAl'VKAU, 
as  well  as  Buuihjn-Sandkkson,  submitted  vaccine  lymph  to  the  operation  of  gravity  ; 
the  uppermost  layers  wore  altogether  inoperative,  the  deepest  (which  contained  the 
fungi)  very  effective.  Tikuei.  ( l eh.  d.  JUbererreg.  Ei<jen*ch.  d Micrwtp,  *<  pt . Bern, 
I)iss. , l*i  I)  sought  to  separate  by  filtration  by  clay  cells,  the  corpuscular  elements 
from  tluids  of  gangrene  of  the  spleen  containing  bacteria,  as  well  as  from  septic 
thuds.  Bergmans  (D.  /Atckr.f.  Chir.,  1872,  I.,  p.  3!Ki)  found  that  by  freezing  and 
thawing  out  a liquid  containing  bacteria,  the  liquid  becomes  separated  into  layers,  and 
the  Burface  to  the  depth  of  some  lines  is  free  from  bacteria.  M.  VVoi.kk  (Sled.  Pen- 
trald,,  1873,  New.  8,  1L  found  by  the  Zaiin-Tjeokl  method  of  filtration,  a few  bac- 
teria and  micrococci  always  present  in  the  filtrate  : it  contained,  after  three  or  four 
days  as  a new  cultivation  the  organisms  in  great  abundance.  The  clay-cells  thus  do 
u >t  prevent  the  passage  of  bacteria.  Wolfe  likewise  had  little  success  with  Bero- 
MANN  s freezing  method  for  isolation  of  bacteria,  as  well  as  with  repeated  filtrations. 

Ki.eks  ( Atch.f.  rxp.  Path..  1873.  I.,  p.  31)  experimented  with  the  cultivation  of 
his  imcrattporon  ee]>ttcum  in  isinglass  glue.  These  experiments  differ  as  to  the 
known  conditions  entirely.  Proliferation  proceeds  from  the  rod-like  motionless 
Isxiies,  bacteria,  which  probably  by  progressive  splittings  in  the  long  axis,  give  rise 
to  " groups  of  isolated  bacteria.  ” By  active  division  individual  bacteria  disappear, 
then  arise  “ granular  plasma -balls.”  Farther  on  there  appears  a differentiation  of 
their  contents ; a part  becomes  bacterian  colonies,  others  remain  homogeneous,  have 
a dull  and  yellowish  apjiearance,  l>ear  protoplasmic  processes  and  appear  contractile  : 

contractile  pigment- bodies.”  The  last  stage  consists  in  the  formation  of  an 
homogeneous  muss,  in  which  are  found  neither  pigment  granules  nor  bacterian  colo- 
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nice  : “ plasma-layer.”  From  this  the  same  development  may  proceed  anew  as  from 
the  first- introduced  germs. 

II.  Group:  Microbactbria : — rod-like  bacteria. 

llesemble  globular  bacteria  in  the  small  size  of  their  cells,  and  their 
temporary  union  into  jelly-like  or  mucous  masses,  but,  apart  from  their 
physiological  activity,  they  are  distinguished  by  their  short  cylindrical  form, 
and  the  spontaneous  movement  of  their  cells. 

2.  Genus.  Bacterium  seiisu  str.  Cohn. 

Short  cylindrical  or  elliptical  cells,  which  during  segmentation  are 
connected  in  pairs ; the  daughter-cells  separate  after  complete  division ; 
rarely  they  again  divide  before  they  have  become  isolated,  and  then  four 
cells  are  found  in  one  row.  The  cells  enjoy  a lively  spontaneous  motion 
through  abundant  nutritive  supply  and  access  of  oxygen,  so  that  times  of 
rest  are  often  succeeded  suddenly  by  motion.  They  do  not  form  chains  or 
filaments  (thus  do  not  appear  in  form  of  leptothrix  or  torula),  but  vegetate 
to  form  jelly-like  masses  (zooglda-form),  which  are  distinguished  from  those 
of  globular  bacteria  by  an  abundant  and  permanent  intermediate  substance. 

1.  BACTERIUM  TEHMO,  EHRENBERG,  DdJARDIN. 

Cells  short,  cylindrical,  oblong,  clear  glistening  or  blackish  according  to 
position,  the  membrane  comparatively  thick.  Mostly  connected  in  pro- 
gressive division  or  in  pairs.  For  the  most  part  only  0,0015  mm.  long, 
ijf — ^ as  broad.  They  fill  up  water  in  countless  myriads  as  soon  as  putre- 
faction matter  is  present,  and  increase  as  long  as  putrefaction  goes  on,  and 
disappear  as  soon  as  it  stops.  “ Bact.  terrno  is  the  ferment  of  putrefaction, 
the  saprogenous  ferment.” 

The  cells  turn  on  their  long  axis  and  swim  forward,  then  return  a little  or  travel 
in  curved  lines  through  the  water,  for  the  most  part  not  very  quickly,  as  if  trembling 
or  wavering,  also  shooting  forward  with  sudden  springs,  then  again  becoming  quiet 
for  a long  time. 

2.  BACTERIUM  LINEOLA,  Cohn.  ( Vibrio  Untold,  Ehrb.  Duj.). 

Celks  distinctly  cylindrical,  0,0038  to  0,0052  mm.  long,  to  0,0015  mm. 
broad,  straight,  rarely  somewhat  curved,  with  strongly  refractive,  soft  con- 
tents which  are  also  abundantly  filled  with  fat  like  granules,  and  thereby 
darkly  punctated.  They  are  single  or  connected  in  pairs.  They  form 
zooglba-forni  masses  like  bact.  ternio. 

They  move  like  b.  termo,  but  more  strongly,  swim  about  one  end  tremblingly  or 
in  curved  lines,  alternately  forward  and  backward,  etc. 

Kukbs  (1.  c. ) regards  rod-bacteria  as  a phase  of  development  of  globular  bacteria. 
He  regards  both  as  microbacteria  with  the  following  characters:  cells  colorless  or 
feebly  colored,  very  small,  globular  or  oval  (micrococcus),  which  unite  into  many- 
celled  families  (zoogloa).  Within  the  latter  the  micrococci  grow  into  rod-shaped 
forms  (bacteria),  which  become  free  and  freely  movable. 

III.  Group  : desmobactkria  : — filamentous  bacteria. 

Consist  of  elongated  cylindrical  parts,  which  if  isolated,  are  similar  to  b. 
lin.  but  they  increase  by  transverse  division,  and  form  by  uniting,  longer  or 
shorter  chains. or  filaments.  The  filaments  are  not  constricted  at  the  joints, 
like  the  moniliform  chains  (torulaform)  of  the  globular  bacteria,  but 
throughout  cylindrical  (leptothrix  filaments).  They  often  form  swarms, 
never  zooglda-form  masses.  Their  state  of  motion  and  rest  changes  with 


SPIEOBACTEEIA. 


93 


the  contained  oxygen,  etc.  ; certain  forms  appear  never  to  be  movable 
( bacteridium , Dav.). 

3.  Genus.  Bacillus. 

Filaments  straight. 

1.  bacillus  subtilis,  Coiin  ( T7  brio  subtil  is,  Eiir.),  butyric-acid  ferment. 

Filaments  very  thin  and  tender,  hence  the  articulation  is  seen  with  dif- 
ficulty ; the  single  articulations  are  mostly  0,000  mm.  long,  sometimes 
isolated  (then  distinguished  with  difficulty  from  b.  lineola),  sometimes  made 
up  of  two  articulations  or  forming  still  longer  rows.  Filaments  in  high 
degree  supple,  actively  and  passively. 

They  swim  straight,  with  alternating  rest,  sometimes  clumsily,  sometimes  quickly 
and  dexterously,  then  back  again  without  turning  around.  They  turn  continually 
ahont  their  axis.  The  filaments  for  the  most  part  make  visible  pendulum  like  move- 
ments about  a varying  point  in  the  length  of  the  filament. 

2.  bacillus  axthkacjs,  bacterhlia  of  gangrene  of  the  spleen  (Davaine). 

Very  similar  to  the  preceding. 

3.  BACILLUS  ULNA. 

Filaments  thicker  and  stiff,  with  dense  finely  granular  plasma. 

4.  Genus.  Vibrio. 

Filaments  wavy : either  thick  with  single  curving  ( vibrio  rugula ),  or 
thin  with  many  wavy  curves  ( vibrio  ssrpe/Mt). 

IV.  Group:  spirobactf.ria : — screw-bacteria. 

They  are  distinguished  from  vibrio , Cohn,  by  the  closer  and  narrower, 
regular,  permanent  spiral  of  the  filament.  The  various  forms  occur  mostly 
in  company  together.  They  appear  only  in  infusions  for  which  river-water 
is  employed. 

<>.  Genus.  Spirocii.eta,  with  a more  flexible  and  longer  closely-wound 
spiral. 

spirocii.eta  plicatilis.  Tn  tartar  from  the  teeth. 

b.  Genus,  spirillum.  W itli  stiller,  shorter,  and  more  distant  spiral. 

fyiriUu  nt  tmue , spir.  urulula,  sjtir.  volutans. 

A special  arrangement  includes  the  following  plants:  leptothrix  and 
sarcina. 

LEPTOTHRIX  BUCCALI8. 

Consists  of  long,  very  slender  (0,0008  min.)  simple  filaments  which  nre 
divided  by  partition  walls,  and  very  brittle.  In  every  one  it  occurs  upon  the 
finely  granular  masses  of  decomposition  within  the  mouth  (summit  of  the 
papilla?  of  the  tongue,  sediments  around  the  teeth,  tartar);  in  great  masses 
in  the  sick,  with  thick  brown  coating  on  the  tongue  (typhus).  Constant  in 
tlie  intestines,  and  in  the  feces.  \ ery  frequent  in  the  vagina,  sometimes  in 
the  lachrymal  ducts.  VV  ithout  special  local  pathological  significance,  but 
the  cause,  perhaps,  of  caries  of  the  teeth. 

Most  observers  admit  a filament  formation  in  all  bacteria  without  distinction ; 
Coiin  dons  not.  The  chains  of  globular  bacteria  are  distinguished  from  leptothrix  - 
forms  of  filamentous  bacteria  by  the  fact  that  the  latter  are  not  constricted  at  the 
articulations. 

According  to  L Mayer  (Monatwhr.  f.  Gebnrtsk. , XX..  p.  2)  and  others,  a similar 
parasite  coumsting  of  broad  filaments  occurs  also  iu  the  normal  and  morbid  secretions 
of  the  vulva  anil  vagina.  According  to  W inckel  ( Bert . Id.  tl'w'e iixr/tr.,  1 Hlili,  No. 
24)  the  broad  forms  only  rarely  have  in  pregnant  women  any  other  results  than,  per- 
haps. hyper* i iiia  ami  increased  secretion. 

A parasite  resembling  the  LepOmutus  uteri and  mud utfrini  was  found  by  L.  Mayer 
(L  c.)  upon  the  inner  surface  of  the  labia  and  in  the  vagina.  It  forms  spots,  whitish  or 
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yellowish,  as  a rule,  loosely  distributed  upon  the  mucous  membrane,  rounded  or  ir- 
regularly formed,  with  a diameter  of  from  4 to  1 (5  mm.,  resembling  patches  of  thrush. 
Sometimes  they  cover  these  great  surfaces.  Less  often  they  adhere  like  diphtheritic 
membranes  to  the  mucous  membrane,  and  when  removed  leave  behind  superficial 
ulcers. 

According  to  Leber  and  Rottknstein  (l Inters , ilh,  d.  Curies  der  Zdhne.,  1N(17) 
caries  of  the  teeth  depends  upon  the  growth  of  leptothrix  buccalts.  In’the  interior  of 
the  enlarged  tubuli  of  the  teeth  granules  of  fungus  are  found,  which  can  expand  the 
canals  into  broad  pouches  ; then  originate  processes  filled  with  fungi,  which  procure 
the  resulting  complete  decay  of  the  tooth.  At  the  commencement  of  caries  the 
enamel  and  dentine  are,  by  means  of  the  spores  (which  originate  preferably  in  the 
mouth  through  various  processes  of  fermentation),  attacked  in  the  same  place,  be- 
come softened  and  thereby  prepared  for  the  entrance  of  the  fungus.  (According  to 
others,  chemical  substances,  especially  acids,  destroy  living  as  well  as  dead  teeth.) 

FOrster  {Arch.  f.  XV.,  p.  318)  and  v.  Grakkk  (/£>.  p.  .‘124)  saw  leptothrix 

in  the  lachrymal  ducts,  and,  as  a result,  stillicidium  and  catarrh  of  the  lachrymal 
ducts. 

Leber  {Med.  Ctrlhl. , 1873.,  No.  9)  induced  by  inoculation  of  masses  of  lepto- 
thrix (out  of  the  normal  oral  cavity)  upon  the  cornea  of  a rabbit,  a very  intense  hy- 
popyon-keratitis, similar  to  that  of  man  : microscopically,  a dense  infiltration  of  pus, 
but  no  fungus  growth.  The  identity  of  Leber’s  disease  with  Ebertii’s  diphtheritis 
of  the  cornea  is  questionable.  Probably,  however,  progressive  suppurative  keratitis 
of  man  arises  by  <-eptic  infection,  in  many  cases,  perhaps,  from  the  decomposing  se- 
cretions of  the  lachrymal  passages,  in  diseases  of  these  parts. 

The  following  fungi  are  doubtful,  having  been  found  at  the  most  only  once  or  few 
times:  Leptomitus  urophilus  ( Kayer);  Leptomitn s Unnnoreri ; Leptornit ns epidermidis 
(Gubler);  Leptonutus  uteri  (Lebkrt);  Leptomitus  muei  uterini  (Wii.kinson)  ; 
Leptomitm  or, all;  Osoillnria  intent  ini  (Farkb). 

SARCINA  VENTRICUM,  (Goodsiu)  : — SARCINA.  [Me rumopoedui  punctata  8. 
ventriculi. ) 

Forms  4,  8, 1G,  G4-(etc.)  fold  flat  cubical  cells  with  an  average  size  of  0,01 
mm.,  each  of  which  is  usually  divided  deeply  into  four  parts  and  for  the 
most  part  contains  2 or  4 pale  or  slightly  reddish  nuclei : it  is  seldom  with- 
out nuclei.  They  lie  together  in  cubical  symmetrical  heaps.  Out  of  these 
cells,  rounded  colls  are  at  first  formed  through  continuous  quadruple  stran- 
gulation and  division.  The  cells  are  heavier  than  water  and  sink  in  liquids. 
It  occurs  especially  in  the  fluids  of  the  stomach  (vomits),  less  often  in 
the  fluids  of  the  intestines  (diarrhoeic  stools),  in  the  urine,  in  pus,  and  fetid 
liquids  in  various  localities.  It  is  probably  for  the  most  part  without 
pathological  significance. 

Whether  the  sarcime  occurring  in  different  localities  belong  to  the  same  species  is 
not  surely  determined.  According  to  Itsigsoiin  ( Virch.  Arch.  XIII.,  p.  all)  sarci- 
na  originates  from  some  one  of  the  Oscillator  ice,  several  species  of  which  occur  in 
our  springs.  According  to  Weise  {Berl.  h:l.  Wschr..  1870,  No.  34),  probably  from 
DiutomncicR , and  so  is  neither  a true  animal  nor  vegetable  form.  He  proposes  for  it 
the  name  of  Frvst uUi  ventriculi. 

According  to  Cohn  (1.  c.)  sarcina  is  a genus  of  the  schizomycetcs  ; it  divides  cross 
wise  by  partitions,  bacteria  only  traversely.  Co ! in'  saw  sarcina;  outside  the  human 
organism  on  cooked  potatoes,  as  did  also  LOSTORKER  in  the  blood. 

As  Pneu monomyces is  sarcinica  Virchow  (Arch.  IX.  p.  574.  X.  p.  401)  and 
Cons  HEIM  (Id.  XXXIII..  p.  1.77)  have  described  cases  in  which  the  sarcina  was  pro- 
bably the  cause  of  pulmonary  gangrene.  In  other  cases  it  had  doubtless  passed  out 
of  the  stomach  into  the  lungs  (Zenker  and  others). 

In  what  follows,  we  shall  consider  the  vegetable  parasites  with  respect 
to  tlieir  relations  to  the  human  body.  Therein,  on  account  of  our 
imperfect  botanical  and  pathological  knowledge,  there  exist  manifold  un- 
certainti  >s,  and  repetitions  cannot  be  avoided. 


DI8EASES  FBOM  MOULDS. 
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1.  The  so-called  mould-diseases,  or  mykoses. 

The  mould  diseases  are  conditional  upon  the  above-mentioned  mould' 
fungi.  They  are  all  called  from  their  locality:  Dermato-,  Pncmnono-, 
(etc.)  mycosis  aspergillum.  They  occur  first  of  all  only  upon  parts  affected 
with  necrosis,  or  other  lesions,  particularly  upon  ulcers  of  the  skin  (inch  tlio 
nails  and  external  organs  of  hearing)  and  of  mucous  membranes,  as  well  as 
in  parenchvmata  with  which  these  parts  are  more  or  less  connected  (lungs — 
expectoration).  When  found  upon  free  surfaces  and  not  too  feebly  devel- 
oped, they  present  to  the  naked  eye  an  appearance  resembling  mould:  they 
form  now  sharply  defined,  circumscribed  spots,  now  an  irregular  more  diffuse 
covering  of  a dirty  greenish  grey  color.  When  the  mould  happens  upon 
the  nails,  before  or  after  previous  splitting  of  the  body,  a thickening 
appears,  and  a yellowish  discoloration  shining  through  from  beneath,  which 
sometimes  occupies  the  whole  length  of  the  nail,  sometimes  only  its  anterior, 
and  lateral  portions. 

Consult  the  collections  of  Hetjsin'GER  (Bcr.  d.  Wurth.  toot.  An.it. , and  Viu- 

chow  (AreA.,  IX.,  p.  557).  Since  then  numerous  isolated  observations  of  Mv Hosts 
occurring'  in  several  localities  have  been  published : most  relate  to  the  external 
organs  of  hearing,  (Cramkr,  May  mi.  Sen  w autz.k,  SteL’DBNKK.  Whkdkx.i  and 
the  lungs  (Vim  now.  Frikdkkich,  Dt’scu,  Cohnukim.) — Particularly  numerous  are 
the  cases  of  mould  formation  within  the  healthy  as  well  as  diseased  air-passages 
and  air-chambers  of  the  bones  of  birds.  l*|K>n  the  mucous  membrane  of  the  air- 
passages.  this  formation  is  sometimes  so  active  that  the  entrance  of  the  air  into  the 
lungs  is  hindered  (GLCOB,  and  others;. 

Salisbury  (Schm.  ,]!>.  CXXL,  p.  4b  saw  among  threshers,  and  in  military  camps, 
an  outbreak  resembling  measles  caused  by  fungus  spores  from  straw.  [Am.  Jour, 
of  Mnl  Sri.,  II.,  p.  17,  p.  :JK7.j 

Perhaps  here  also  belongs  the  so-called  MaDIXBA-FOOT  (Hirsch)  or  Mycktoma 
(Carter),  of  whose  fungus  very  little  is  yet  known.  In  isolated  districts  in  the 
East  Indies  the  complaint  is  endemic,  occurring  preferably  on  the  foot,  and  causes, 
in  the  attacked  part,  considerable  deformity  and  dull  pain.  The  fungus  grows  first 
in  the  subcutaneous  cellular  tissue,  which  thereby  and  in  consequence  of  the  intlam- 
matory  infiltration  is  greatly  thickened.  For  the  most  part  only  after  several  years’ 
duration,  warty  nodes  arise,  which  become  perforated  and  emit  a thin,  yellowish, 
stinking  liquid  with  numerous  little  black  masses,  which  contain  among  other  things, 
fungus -filaments  and  spores.  The  ulcer  pasties  through  the  soft  parts  to  the  bones. 
Death  results  for  the  most  part  from  marasmus.  (Consult  the  descriptions.  Gill 
and  A.  \ Cvrtkr,  Built;  and  the  collections  of  cases  by  Hi  Km  ll  in  Vircfi.  Arch. 
XXVII.,  p.  its.) 

In  many  cases,  disorders  of  the  digestive  apparatus  have  been  observed  after  the 
use  of  mouldy  bread  and  sausage.  With  respect  to  this,  indeed,  it  remains  ques- 
tionable, whether  mould  fungi  or  the  chemical  changes  of  the  food  are  the  cause 
of  the  affection  (Huhkmann,  Hdb.  d.  Turicoit>gic.  lNi2.  Suppl.  Isd7.).  Moklkr 
ll  irch.  Arch.  180M,  XFjIII..  p.  DM)  saw  inflammation  of  the  mucous  membrane  of 
the  stomach  arise  through  the  use  of  blue  milk  (the  blue  color  was  due  to  fungi). 

II.  The  fungi  op  the  tri  e parasitic  diseases  of  the  skin  and 

MUCOUS  MEMBRANES. 

The  parasites  under  consideration  como  passively  upon  or  within  the 
body.  I hey  reach  the  outer  surface  through  the  air,  or  bv  direct  or  indirect 
contact  (clothes,  bedding,  combs,  razors,  etc.).  The  infection  is  com- 
municated sometimes  from  man  to  man,  sometimes  from  domestic  ani- 
mals to  man  ; especially  often  does  the  latter  occur  in  the  parasitic  forms 
of  herpes.  I Itese  parasities  happen  upon  the  mucous  membranes  or 

within  the  body,  even  in  the  lymph  and  blood-vessels,  through  immediate 
accidental  transportation  (*.</.,  in  catheterization),  or  through  the  air 
which  we  inhale,  or  with  the  food. 


9G 


GENERAL  EFFECTS  OF  FUNGI. 


Tlie  fungi  indicate  no  special  predisposition  on  the  part  of  their  bearer 
They  grow  and  increase  as  well  probably  upon  the  healthy  as  upon  the  sick. 
Moisture  and  warmth  (damp  dwellings,  moist  poultices,  woollen  under- 
garments), are  particularly  favorable. 

The  local  maladies  of  the  skin  and  of  the  mucous  membranes,  particularly 
those  provided  with  laminated  epithelium,  have  until  now  been  almost  the 
only  ones  fully  known.  Whether  fungi  attack  the  altogether  normal 
portions  of  the  skin  and  mucous  membrane,  and  there  develop,  is  still  in 
dispute  : usually  indeed  it  is  the  portions  of  skin  which  were  kept  less 
clean,  and  of  mucous  membrane  of  the  same  kind,  or  such  as  had  Buffered 
impaired  function,  or  where  previously  small  erosions  had  existed.  From 
such  places,  then,  the  fungous  growth  spreads  about  upon  the  surrounding 
normal  structures.  The  filaments  and  spores  grow  and  increase  preferably 
between  the  epithelial  cells  (with  most  difficulty  between  those  of  the  upper 
layer, — most  easily  between  those  of  the  middle  layer),  between  which 
arise  the  hair  and  nails,  causing  them  to  become  loose,  and  effecting  their 
atrophy  and  final  destruction  or  falling  off.  In  this  formation  pus  does 
not  usually  appear ; but  there  exists  for  the  most  part  a marked  hyper- 
amiia.  Growth  takes  place  partly  on  the  surface,  often  so  that  larger 
or  smaller  sharply  defined  groups  arise,  partly  beneath  the  surface,  with 
or  without  the  aid  of  the  gland-ducts  of  the  hair,  and  the  hair-follicles.  In 
the  deepest  epithelial  layers,  on  the  surface  of  the  fibrous  tissue  of  the  skin 
and  mucous  membrane,  the  growth  of  the  fungi  usually  ends.  Rarely  do 
they  grow  between  the  fibres  and  pass  into  the  vessels  of  the  lymphatic  and 
vascular  systems. 

The  consequence  of  the  presence  of  the  fungi  referred  to  are : 

Irritation  of  the  sensory  nerves,  which  results,  partly  perhaps  in  a 
direct  manner  from  the  presence  of  the  fungi,  between  the  epithelial  cells, 
but  in  great  part  from  hypersemia,  which  the  foreign  bodies  maintain  by 
their  spreading  and  growth.  Thus  arises  the  not  infrequent  violent  itching 
in  pity  rums  versicolor , and  the  burning  sensation  of  the  mucous  membrane 
of  the  mouth  in  thrush. 

If  the  fungous  deposit  is  considerable,  it  gives  rise  like  other  foreign 
bodies  to  inflammatory  irritation,  which  leads  to  erosion  and  ulceration 
(particularly  the  favus  and  thrush  fungi).  Thereby  the  neighboring  lym- 
phatic glands  may  become  swollen. 

By  the  pressure  of  the  fungous  masses,  the  subjacent  skin  undergoes 
atrophy,  by  their  growth  into  the  hair-follicles  and  hair,  destruction  and 
falling  off  of  the  hair  follows,  as  in  herpes  tonsurans  and  in  farms. 

When  the  quantity  of  fungi  is  large,  they  cause,  in  addition  to  the 
CHEMICAL  DECOMPOSITION  OF  T1IE  CONTENTS  OF  THE  CAVITIES  which  they  in- 
habit, swelling,  e.  </.,  as  the  thrush  of  the  oval  cavity.  In  this  manner, 
new  irritations  can  arise,  which  lead  to  convulsive  muscular  movements, 
vomiting,  eructations,  or  to  catarrhal  secretion,  to  diarrhoea,  etc. 

Only  by  enormous  growths  of  fungi  do  stricture  and  closure  of 
channels  occur,  such  as,  most  rarely,  of  the  oesophagus,  and  the  great  air- 
passages  by  the  thrush-fungus. 

In  rare  cases,  where  the  fungi  penetrate  the  bloodvessels,  local  thrombo- 
ses, or  embolic  masses  of  the  fungus  itself  can  perhaps  occur  with  the 
usual  consequences.  ( Vide  infra.) 

First  of  all,  SCHONLKIN  in  1S:J!),  for  favus,  and  soon  after  .T.  Vogel,  for  thrush, 
furnished  exact  proof  that  fungi  were  the  cause  of  local  disease  of  the  skin.  Very 
quickly  then  were  fungi  discovered  to  be  the  causes  of  other  diseases  of  the  skin 
and  mucous  membranes. 


TRICOPHYTON  TONSURANS. 
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While  the  axiological  signification  of  these  fungi  has  thus  been  determined,  it  has, 
in  later  years,  on  that  account  especially,  been  questioned  whether  the  different 
fungi  truly  belong  to  different  species,  and  whether  most  of  them  do  not  belong  to 
the  same  mould-fungus.  (T.  Fox,  Hai.i.ier.) 

The  fungi  to  be  studied  in  this  connection  are  : 

Tricophyton  tonsurans  (Gruby).  This  consists  of  round,  transparent, 
large  (0,044 — 0,01  nun.)  spores  or  spore-rows.  They  develop  in  the  roots 
of  the  hair  and  pass  hence  into  the  shaft  of  the  hair,  so  that  the  latter  is 
entirely  destroyed  and  breaks  otf ; likewise  in  the  sheath  of  the  hair-roots, 
and  surrounding  epidermis,  seldom  in  the  nails.  This  is  the  reason  of  the 
occurrence,  especially  upon  the  scalp,  anil  more  rarely  on  other  parts  of  the 
skin,  of  herpes  tonsurans  (ringworm,  porrigo  scutellcita , teigne  londante, 
phyto-alopecia) ; also  of  the  parasitic  forms  occurring  upon  the  beard,  men- 
tor/ra  or  sycosis,  of  eczema  marginatum / likewise,  finally,  of  many  forms 
of  onychomycosis. 

According  to  Hallikr  ( (idhrungserscA. , 1809),  the  trichophyton  proceeds  from 
as;>ergillus.  Neumann  confirms  Hurra's  opinion  founded  on  clinical  observation, 
that  berjies  tonsurans  and  favus  can  arise  by  one  fungus,  and  indeed,  according  to 
Neumann,  from  peniciltium , in  single  eases  also  from  t richothsci urn.  In  Wyss’ 
(Schweiz.  Corr.-Bl. , 1871,  I.,  p.  45)  experiments  in  cultivation  with  mycelia  from 
herpes  tonmiraus  and  favus,  there  were  developed,  after  three  months,  numerous 
fruit  forms  of  as/wrgiUus,  for  the  most  part  of  the  usual  appearance,  in  part  also  with 
filamentous  greatly  elongated  basidians. 

According  to  Gt.iU.ACU,  an  affection  similar  to  herpes  tonsurans  occurs  in  cattle 
(Die  Flcchte  dc*  Kindt*.  1857)  and  in  dogs  (Mag.  f TkierheUk . 1859),  and  according 
to  Stein  ( Brag . Y'jtc  r.,  1800),  and  Baresspbunu  (1.  c.)  an  affection  similar  to  h. 
circinatus  occurs  in  cats.  BaHENsurunu  iL  o.,  p.  134)  furnishes  a number  of  exam- 
ples in  which  herpes  circinatus  and  tonsurans  were  traced  back  to  an  uifectiou  ema- 
nating from  domestic  animals  (cattle,  horses,  dogs,  oats).  Ottk,  FRAZER,  Tuuk.- 
wei.I,,  and  others,  have  made  similar  observations. 

In  herpes  tonsurans  of  the  scalp,  there  appear  one  or  more  round  bald  spots  of 
varying  size,  where  the  hair  is  entirely  absent  or  broken  off  near  the  surface,  aud 
without  lustre  and  elasticity.  According  to  Neumann  it  appears: 

(1.)  As  A.  ton*.  resiculosus:  small  punctiform  vesicles  with  clear  contents, 
arranged  in  circular  form,  which  after  a few  hoars  dry,  leaving  behind  small  thin 
Seales  and  crusts  Immediately  after  new  vesicles  arise  with  similar  destiny,  and 
thus  periphericallv  the  disease  increases  in  extent. 

(3.  > h.  ton*.  ntncultMU*  forms  pale  reddish  spots,  in  the  centre  of  which  is  a slight 
whitish  scurf ; they  spread  peripherically,  while  the  centre  grows  pale,  thereby 
givitig  rise  to  a form  of  erythmui  mu  tutors. 

(•*- 4 A.  ton*.  tquamosu*.  a later  stage  of  the  two  forms  named  above. 

Ihe  cause  of  MKNTAUKA.  or  sycosis  was  formerly  held  to  be  a special  form  of 
fungus,  the  mienwjioiV'i  men tagrophyte*  (ItoiiiN).  There  are,  however,  according  to 
KArneh  ( Virch.  Arch.  XVII.,  p.  87 3i  and  Ziemssen  (Oreifstr.  Be  Ur.  II..  p.  99), 
two  forms  of  mentugra,  one  purely  inflammatory  (foUicuiitii  barbw).  the  other 
parasitic.  The  fungus  of  the  latter  is  identical  with  that  of  herpes  tonsurans.  This 
is  proven  by  the  form,  size,  and  propagation  of  the  fungi,  so  that  herjtes  tonsurans 
can  be  generated  upon  the  skin  of  the  same  or  of  another  individual  by  means  of  the 
crusts  of  sycosis,  aud  in  turn  the  crusts  of  h.  tons,  can  give  rise  upon  a healthy  beard 
to  a sycosis.  The  fungus,  in  sycosis,  is  developed  between  the  hair  and  root  sheath, 
grown  from  beneath  to  the  loosened  hair  and  causes  its  atrophy,  while  the  tissues 
surrounding  the  hair-follicle  degenerate  into  a condylomatous  swelling  (papillary 
byjierlroptay.)  That  the  fungus  causes  more  marked  appearances  in  the  skin  of  the 
beard  than  on  the  scalp,  is  accounted  for  by  the  more  considerable  size  and  deeper 
implantation  of  tile  hair-follicles,  and  by  the  thickness  of  the  cerium  and  subcu- 
taneous cellular  tissue  rich  iti  glands  and  vessels. 

Ihe  eczema  Maui;  I Nat  U M of  Hebka,  which  is  characterized  by  its  constant 
localization  on  the  inner  surface  of  the  thighs,  on  the  mens  veneris,  aud  on  the  skin 
of  the  seat,  much  more  seldom  on  other  parts  tin  the  beginning  appearing  as  large,  red, 
raised  spots),  by  its  peripheral  advance  and  simultaneous  involution  in  the  centre,  by 
the  marked  limit  of  the  periphery  in  the  form  of  a raised  brownish-reil  border,  ujkji: 
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which  scales,  papules,  and  pustules,  later  sometimes  also  crusts,  are  often  found,  as  well 
as  by  its  almost  exclusive  occurrence  in  man,  and  especially  in  shoemakers,  is,  accord- 
ing to  K > bn  Kit,  dependent  upon  trichophyton  tonsuran s (or  mierosporon  furfur, 
Neumann.  ) This  is  shown  by  the  course  of  the  disease,  knowledge  of  the  parasite, 
and  experiment.  According  to  Neumann,  the  fungus  elements  in  eczema  mar- 
ginatum grow  by  cultivation  into  penicillium  glaucum,  or  into  triehotkecima.  In 
other  cases  eez.  marg.  originates  in  an  already  preformed  ecz.  intertrigo , so  that  the 
fungi  belonging  to  the  latter  grow  on  between  the  cells  of  the  epidermis  and  then 
modify  the  form  of  the  propagation  of  the  eczema  (Neumann). 

Onychomycosis,  in  which  one  or  more  nails  appear  loosened  and  thickened,  and 
have  a dirty-yellow  color,  an  uneven,  fissured  surface,  and  are  easily  split,  is  in  many 
cases  due  to  trichophyton  tonsurans, 

ACHORION  SUHCKNLEINII  : FAVUS-FUNGU8. 

The  mycelium  consists  of  simple,  or  branched,  cylindrical,  curved  fila- 
ments, which  are  either  articulated  or  divided  by  partition  walls.  Of  these 
are  formed  the  long,  broader,  filamentous  receptacula,  which  are  articulate 
and  contain  rows  of  spores.  The  spores  are  round  or  oval ; send  forth  sin- 
gle or  manifold  shoots,  and  form  jointed  series  of  filaments,  out  of  which 
the  mycelium  is  developed.  Besides,  micrococcus  continually  appears,  ft 
is  found  in  the  deeper  layers  of  the  epidermis,  later,  also,  in  the  sheaths  of 
the  hair-roots,  and  in  the  shafts  of  the  hair  themselves,  although  only 
between  the  cells.  The  size  of  the  scabs  is  1-10  j mtu.,  their  thickness 
1-6  mm.,  scutellate,  yellow  or  brownish  from  dirt,  dry  and  brittle,  and  they 
consist  of  an  outer  amorphous  tinely-granular  mass,  and  an  inner  proper  fun- 
gus-mass. The  latter  shows  especially  upon  its  exterior  the  mycelium,  in 
the  interior  follow  the  receptacula,  innermost  are  the  spores. 

This  is  the  cause  of  favus  (tinea  or  porrigo  htpinosa,  tinea  favosa) 
especially  on  the  scalp,  more  seldom  on  other  parts  of  the  body,  extremely 
rare  on  the  whole  body  ; and  of  most  forms  of  onychomycosis. 

Zander  saw  favus  also  in  cats  and  mice. 

Those  affected  with  favus  incur  the  nail-fungus  by  scratching  (Krause,  Ripping, 
B.  Wagner,  and  others). 

According  to  Haulier  (1.  c.),  Stark  (Jen.  Ztschr.,  II.,  p.,  220)  and  Pick  (Unter- 
sueh.  iih.  d.  pjlzl  Ihiutparasiten,  1805),  special  experiments  by  inoculation  with  jams, 
herpes,  and  penicillimn  (or  as/yergillus)  all  yield  a similar  result : (1)  in  epidermal  in- 

oculation of  favus  fungus,  a herpetic  eruption  generally  precedes  the  development 
of  the  favus  crusts  (initiative  herpetic  stage  of  Kohnkri;  (2)  this  passes  on  to  favus, 
or  to  hopes  tonsurans ; (3)  inoculation  with  fungi  from  hop.  tons,  generally  yields 
again  only  hop.  tons.,  sometimes,  however,  a form  of  diseases  is  developed  which 
is  identical  with  the  herpetic  initiative  stage  of  favus.  and  being  abortive  passes 
away ; (4)  after  a long  duration  of  the  favus,  in  cases  of  more  luxurious  vegetation, 
organs  of  fructification  appear,  which  belong  to  the  pe.nic.  glaius.  and  to  a form  of 
aspergillus  ; (5)  inoculation  with  penic.  glauc.  on  the  skin  of  man  gives  rise  to  a dis- 
ease identical  with  initiative  herpetic  stage  of  favus;  f(>)  thus,  one  and  the  same 
fungus  gives  rise  at  one  time  to  favus,  at  another  time  to  hop.  tons.;  (7)  this  fun- 
gus does  not  occur  exclusively  in  diseases  of  the  skin,  but  belongs  in  nature  to  a 
very  widespread  species  of  fungus. — Sthuuk,  Kobner  (1.  c. ) and  others,  observed 
that  hop.  tons,  always  gave  rise  by  inoculations  only  to  hop.  tons,  and  that  only 
favus  always  arose  by  inoculation  with/aciM.  The  herpetic  initiative  stage  of  favus 
is  according  to  K.,  indeed  similar  to  herp.  tons.,  but  not  the  same. 

According  to  IUNDFUEIBCII  ( Virch.  Arch.,  LIV.,  p.  lOS)the  identification  of  achor. 
Sr,h.  with  penicillium , aspergillus,  etc.,  is  premature  ; rather  achorion  belongs  to  a 
place  intermediate  between  yeast-fungus  and  thread-fungus,  where  articulate  fila- 
ments and  higher  differences  with  respect  to  fruit-formation  are  opposed. 

MICROSPORON  Al'DOUINI  (GRUBY).  . 

Consists  of  undulating  forked  filaments  upon  which  small  spores  are  directly 
placed.  Found  around  the  shaft  of  the  hair,  after  its  exit  from  the  follicle,  m masses 
so  thick  that  the  hair  breaks  off  for  the  most  part  at  that  place  and  causes  baldness. 
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It  is,  according  to  Gruby,  Baztn,  He  bra,  the  cause  of  porrigo  decalyans 
( area  C'dsi  s.  alopecia  drevnueripta),  while  according  to  Hutchinson,  Barks- 
sprung,  tiik  AUTHOR,  R1NDFLEI8CH,  KoHN,  this  affection  is  not  parasitic,  but  of  a 
nervous  nature,  tide  infra. 

MICROSPORON  MINUTISSIMUM  (BUBGHARDT  and  Ba REN SI’R UNO . ) 

Is  distinguished  by  the  special  delicacy  of  its  elements.  It  is  the  cause  of  a 
limited  contagious  affection,  for  the  most  part  upon  the  inguinal,  or  axillary  regions, 
the  so-called  erytiirasma,  which  like  the  pityriam  rubra  appears  in  the  form  of 
rounded  or  rosette-like,  red,  sharply  defined  dry  spot*  KoHNER  saw  several  such 
cases. 

MICROSPORON  FURFUR  (ROBIN). 

Consists  of  masses  of  large  (0,005  inrn.)  round,  mostly  nucleated  spores 
and  lengthened  or  branched  cells,  and  only  sometimes  of  very  numerous 
broad  (0,004  mm.)  filaments.  The  spores  shine,  have  a sharp  double 
contour  and  form  dense  clustered  groups.  It  is  developed  in  the  horny 
layer  of  the  epidermis,  commonly  around  the  opening  of  the  hair-follicles, 
especially  upon  the  breast  arid  back,  never  on  the  freely  exposed  parts  of 
the  body,  nor  on  children.  It  causes  yellowish  or  reddish-yellow,  spotted 
discoloration  of  the  skin,  the  spots  covered  with  bran-like  scales,  and  some- 
times violent  itching — it  is  the  cause  of  pityriasis  versicolor,  or  ciiloasma. 

According  to  Paolini  and  GaMBERINI,  a fungus  similar  to  that  of  faru*  and 
pityriasis  versicolor  is  also  found  in  icthyosis. 

zoooLiU  capillorum  (Martin  and  Buhl). — Agrees  mostly  with  the  forms  of 
palmdla.  Consists  of  a structureless,  jelly-like  basis -substance  in  which  very  small 
cells,  analogous  to  the  yeast  fungi,  are  embedded.  It  colors  the  hair,  first  yellow, 
yellowish-red,  blood-red,  brownish-red.  finally  brown  and  even  black.  It  is  situated 
under  the  external  layer  of  the  hair.  (Ztsckr,  f.  rat.  Med.  1 808,  XIV.) 

oYdium  albicans  (robin)  : thrush-fungus. 

Consists  of  cylindrical,  branched,  curved,  strongly  refracting,  sometimes 
branched  (tree  shaped)  filaments,  which  are  composed  of  long  cells  con- 
nected together,  between  which  constrictions  are  often  found.  Each  of  the 
long  cells  contains  many  granules.  The  ends  of  the  filaments  are  lost  in 
manses  of  spores,  with  a large,  often  divided  spore-cell.  The  free  end  is 
simple,  rounded,  or  terminates  in  one  or  several  large  oval  spores  connected 
together.  The  latter  are  round  or  oval,  often  united  to  one  another,  con- 
tain granules  and  constitute  large  masses  upon  the  epithelium.  It  is 
often  iound,  and  sometimes  in  large,  masses,  in  nursing  children,  esjiecially 
within  the  first  weeks  of  life,  as  well  as  in  adults  affected  with  wast- 
ing diseases  (typhoid  fever,  tuberculosis,  etc.)  : upon  the  mucous  membrane 
ot  the  mouth  and  throat,  seldom  upon  that  of  the  oesophagus,  nose,  largo 
air- passages,  lungs;  seldom  upon  the  labia,  breast  and  lips  of  infants.  It 
occurs  in  infauts  especially  through  want  of  cleanly  attention  to  nursing- 
bottles,  and  in  warm  weather.  It  represents  the  so-called  thrush,  aphtha*. 

J he  uphtlue  of  the  new-born  form  grayish  or  yellowish  white  round  spots 
of  the  size  of  a pin-head  or  lentil,  especially  upon  the  boundary  between 
the  hard  and  soft  palates.  They  gradually  enlarge,  unite  and  ulcerate. 
The  aphtha?  of  adults  are  situated  especially  on  the  mucous  membrane  of 
the  lips  and  cheeks  and  on  the  end  of  the  tongue. 

According  to  BURCH ar nr  (Char.  Ann.,  XII.,  p.  1)  the  fruit-capsules  of  the  thrush- 
fungus  present  round  or  oval,  sometimes  double-contour  capsules.  ,02  to  .OKI  mm.  in 
size,  which  are  entirely  filled  with  spores,  and  hurst  very  easily.  B.  could  not  discover 
connection  between  the  capsules  and  filaments. 

In  opposition  to  WlNCKEL  fs.  p.  1)3)  and  in  accordance  with  Hausmann  (fieri,  med. 
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f'lrbl.  1 8(50>,  the  fungus  occurring  on  the  female  genitals  is  identical  with  oidiurn 
albicans.  It  is  like  the  latter,  transmissible.  Also  the  pure  thrush-fungus  of  the 
mouth  is  transmissible  to  the  vaginal  mucous  membrane.  Sowings  with  penic. 
g lane  am,  aspen/,  glaucus,  the  fungus  of  pityriasis  ‘versicolor , were  attended  with 
negative  results. 

Korn  (Sits.  d.  Ges.  d.  Mien.  Aerzlc,  29  Mai.  1871)  found  in  many  cases  of  eczema 
imprtig  inox  urn  faciei  {impetigo  contagiosa  oi  others)  filamentous  fungi,  once  also  their 
organs  of  fructification.  It  is  still  questionable  whether  in  herpes  iris  and  circinatus , 
as  well  as  in  erythema  multiforme , fungi  are  essential  or  accidental. 

DIPLOSFORIUM  FtJSCOM  (HALT.IER). 

Sometimes  on  diphtheritic  membranes  of  the  throat.  Consists  of  extremely 
delicate,  scaly  and  irregularly  ramified  articulated  filaments.  The  long  extended 
branches  are,  with  quite  regular  alternation,  covered  with  short,  perpendicular  lateral 
branches.  The  branches  seldom  remain  vegetative;  for  the  most  part  they  very 
soon  show  at  the  end  a small  folliculous  swelling,  which  very  quickly  enlarges  and 
is  defined  from  the  extremity  of  their  bearers  as  oval,  double  contour  spores.  The 
spores  assume  at  the  time  of  their  maturation,  a bright  brown  color. 

III.  FUNGI  AS  EXCITERS  OF  FERMENTATION  AND  PUTREFACTION,  AND  AS 
CAUSES  OF  CONTAGIOUS  AND  OTHER  DISEASES. 

The  mould  and  yeast  fungi,  in  rare  cases  also  a few  other  fungi,  which 
have  already  been  mentioned,  probably  also  a few  other  not  well  known, 
have,  besides  a local,  a very  important  general  significance.  This  depends 
upon  the  fact,  that  their  germs,  everywhere  present  in  the  air,  are  prob- 
ably the  most  essential  cause  of  the  various  fermentations  taking  place  with- 
out and  within  the  organism,  as  well  as  of  the  putrefaction  of  organic 
bodies.  In  both  processes  the  extraordinarily  active  vegetative  fungi  take 
up  as  nourishment  formed  elements  out  of  the  affected  substratum,  and  so 
decompose  the  substratum  itself. 

That  fungi  are  the  cause  of  several,  more  or  less  specific  fermentations 
(acetic,  alcoholic,  lactic,  butyric,  Ac.)  is  very  probable.  Fermentation  is 
that  peculiar  process  of  decomposition  which  organic  bodies,  especially 
those  non-nitrogenous,  suffer  when  they  come  in  contact  with  a ferment  or 
with  organisms  acting  as  ferment  (e.  <j.  the  decomposition  of  sugar  into 
alcohol  and  carbonic  acid  by  yeast).  Also,  for  the  appearance  of  fermenta- 
tion there  must  be  a proper  temperature,  water,  and,  for  the  most  part,  ac- 
cess of  atmospheric  air. 

The  importance  and  specific  nature  of  fungi  for  fermentation  has  been  especially 
shown  through  the  works  of  Pasteur.  According  to  Likhig  and  recently  Hofpe- 
Seydf.k,  fermentation  does  not  depend  upon  fungus,  but  is  purely  chemical,  a process 
dependent  Upon  so-called  contact- substances.  ( Med.- Chan . unters.,  1871,  4 H., 

p.  561.) 

Those  fermentations  are  of  pathological  interest  which  take  place  in  the 
organism,  and  particularly  in  those  cavities  which  are  provided  with  a mu- 
cous membrane  (stomach,  bladder,  etc.).  The  organisms  which  excite  fer- 
mentation (yeast-fungus,  mould-fungus,  often  also  vibrios  and  bacteria)  are 
introduced  casually,  by  the  food  and  drink,  and  by  means  of  unclean  instru- 
ments (catheter)  into  the  interior  of  the  body.  They  sometimes  cause  slight 
irritations,  sometimes  inflammation  of  the  affected  mucous  membrane  and 
of  the  parenchymatous  organs  connected  therewith,  e.  </.,  the  kidneys.  This 
is  due  partly  to  the  increase  of  the  fungi,  partly  to  swarm-spores,  also  indi- 
rectly, perhaps,  to  the  chemical  changes  induced  by  them. 

Whether  the  yeast-fungus  and  the  sarcina-fungus  exert  an  injurious  influence 
upon  the  mucous  membrane  affected,  is  not  yet  determined  (vide  infra). 
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Very  likely,  however,  with  respect  to  bacteria  and  mould-fungi  which  find  an  en- 
trance into  the  bladder  by  means  of  unclean  catheters,  alkaline  fermentation  of  the 
urine  may  occur  with  consequent  so-called  parasitic  cystitis,  pyelitis  and  nephritis 
(Traube,  Berk  kUn.  Wochemchr. , 18(54,  No.  2).  See  also  Klebs,  Hilb.  d.  path. 
Anat.,  1870,  I..  p.  655. 

The  fungns-formations  observed  on  the  mucous  membrane  of  the  mouth  and  intes- 
tinal canal  have  sometimes  only  a local  importance,  sometimes  they  give  rise  to 
severe  and  fatal  maladies.  Bacteria  in  the  mouth,  on  the  teeth,  stimulate  the  nitro- 
genous remains  of  food  to  putrefactive  fermentation,  and  produce  lactic  acid  from 
sugar — they  are  the  immediate  cause  of  common  caries  (see  p.  04).  The  thrush- 
fungus  gives  rise  usually  only  to  a light  local  disorder  of  the  oral  cavity  (see  p.  90). 
This  is,  however,  not  always  so.  Zai.ksky  ( Virch.  Arch.,  XXXI.,  p.  42(5),  saw 
thrush  also  in  many  spots  in  the  stomach  and  small  intestines ; the  child  had  had 
violent  vomitings,  later  also  diarrhoea.  I (Jahrb.  f.  Kinderhlk. . 1868,  I.,  p.  58)  saw 
an  extension  of  this  fungus  into  the  lumina  of  vessels  of  the  mucous  membrane 
of  the  oesophagus.  Zenki.r  (Jahratber.  d.  ge*.  f.  Xutur - v.  lhilk.  in  Dresden, 
1861-62)  found  in  an  extended  encephalitis,  numerous  small  sharply  circumscribed 
points  of  pus,  which  could  be  lifted  up  with  a needle,  and  under  the  microscope 
shown  to  be  little  masses  of  fungus  filaments  enveloped  in  a thin  layer  of  pus.  The 
mucous  membrane  of  the  tongue  and  throat  was  covered  with  masses  of  thrush. 

As  H.vy-fkvkr  vibrioses,  Heiaihoi.tz  (Binz,  Virch.  Arch.,  XLVI.,  p.  100) de- 
scribes little  vibrio-shaped  bodies,  winch  are  expelled  in  an  attack  of  hay-fever  only 
during  violent  sneezing.  The  usually  isolated  single  articulations  are  0,004  mm  long 
and  contain  four  granules  in  a row.  which  are  again  closely  united  in  pairs.  They 
move  upon  the  wrarm  object-plate  partly  with  a trembling  motion,  partly  by  darting 
forward  and  backward. 

Furthermore,  fungi  are  the  causes  of  decay  as  well  as  of  putrefaction  of 
organic,  especially  nitrogenous  bodies : in  the  latter,  reduction,  in  the 
former,  oxidation  takes  place.  In  both  processes  the  corresponding  fungi 
occur:  in  the  former,  the  so-called  anaerophytes,  which  do  not  need  the 
direct  influences  of  the  air  (vibrios) ; in  the  latter,  aerophytes : monads 
and  bacteria.  In  decay  an  active  oxidation  goes  on  under  the  influence 
of  the  fungi,  whose  products  are  water,  carbonia  acid,  ammonia  and 
organic  compounds,  more  simple  than  those  which  were  originally  present. 
The  greatest  part  of  the  organic  bodies  is  thus  destroyed,  so  that  onlv  a 
comparatively  small  quantity  is  taken  up  by  the  fungus  as  nourishment, 
in  the  same  substratum  the  process  of  decom)K>sition  differs  with  the 
fungus  present.  Decay  is  arrested,  even  at  a temperature  suitable  for 
decomposition,  if  the  bodies  attacked  are  protected  from  the  access  of 
fungus  germs.  Putrefaction,  according  to  more  recent  investigations,  is  in 
the  same  manner  dependent  upon  bacteria,  as  the  various  fermentations  of 
lion-nitrogenous  bodies  upon  yeast-fungi.  (See  p.  80.) 

Experiments  made  by  Spallanzani.  later  by  Fr  Sciiclze.  Schwanh,  Helm- 
holtz, ScurOder.  v.  Di.’scn,  v.  d.  Broke,  especially  by  Pasteur,  show  that 
organic  substances,  left,  to  themselves,  easily  enter  into  decomjiosition  simultaneously 
with  the  appearance  of  fungi,  etc.  ; but  that  these  substances  do  not  change,  and 
remain  free  from  fungus  formation,  if  they  are  exposed  to  a temperature  which  kills 
the  fungus-spores  present  in  them,  or  if  such  air  has  access  to  them  out  of  which  the 
organic  germs  have  been  removed  (by  being  passed  through  sulphuric  acid,  or  solu- 
tion of  potash,  or  over  a red-hot  surface,  or  filtered  through  disinfected  cotton 
filters,  or  dry  animal  membrane).  By  placing  a fluid  very  prone  to  decomposition  in 
an  alembic  with  very  narrow  neck,  which  is  open,  but  bent  from  one  side  to  the 
other  or  downward,  so  that  the  germs  happening  to  be  present  in  the  air  cannot 
fall  into  the  liquid  hut  must  remain  in  the  neck,  and  by  boiling  the  liquid  a few 
minutes  and  then  letting  the  vessel  remain  open,  the  liquid  will  remain  intact  and 
free  from  organisms.  Break  off  the  neck,  and  appearances  of  decomposition  will  be 
present  in  from  18  to  24  hours.  (De  Baky.) 

Besides  the  influence  of  fungi  in  ordinary  decay,  it  is  shown  in  other  similar  pro- 
cesses ; in  the  putrefaction  of  eggs,  of  fruits — where  the  fungi  penetrate  for  the 
miist  putt  only  through  injured  spots  of  the  shell  or  koeL 
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According  to  COHN  (Settle*.  Get.  f.  rated.  Cult.  Sitz.  v.  14  Feb.,  1872),  all 
putrefaction  is  attended  by  the  development  of  bacteria;  it  begins  if  the’ ap- 
pearance of  the  latter  is  permitted,  progresses  regularly  as  the  latter  increase; 
with  the  arrest  of  the  putrefaction,  the  increase  of  bacteria  is  also  arrested,  which 
precipitate  a pulverulent  deposit,  or  in  jelly-like  masses  (zooglda),  (like  yeast  in 
thoroughly  fermented  solutions  of  sugar).  Bacteria  are  excitants  of  putrefaction 
(saprogenous),  the  mould-fungi  and  infusoria  frequently  developed  in  putrefying 
substances  are  only  attendants  of  these  (saprophilia).  Infection  with  bacteria 
takes  place  not  through  the  air  (Ait-kut,  Schwann,  Paste  uu),  but  (B.  San m.u- 
hon)  only  through  contact  with  unclean  surfaces  of  bodies  (skin,  instruments), 
especially  through  the  water,  which  always  contains  bacteria-germs,  unless  freshly 
distilled.  According  to  C.  the  transfer  of  bacteria-germs  through  the  air  takes 
place  at  least  with  difficulty.  Bacteria  are  normally  developed  and  increase  in  every 
liquid  which  contains,  besides  ammonia  or  nitric  acid,  a body  containing  carbon, 
free  from  nitrogen.  Since  bacteria  assimilate  nitrogen  in  form  of  ammonia  or 
nitric  acid,  their  action  in  putrefaction  seems  to  be  to  decompose  albuminous  com- 
pounds into  ammonia,  which  is  assimilated,  and  into  other  bodies,  which  appear  as 
co-products  of  putrefaction.  Putrefaction  is  the  decomposition  of  albuminous  com- 
pounds by  bacteria  in  a similar  manner  as  alcoholic  fermentation  is  the  decomposi- 
tion of  sugar  by  the  yeast-fungus. 

ItiNDFLElflCH  ( I irch.  Arch.  LIV.,  p.  1100)  distinguishes  two  forms  of  schizomycetes 
of  putrefaction,  bacterium  and  micrococcus ; the  former  is  a constant,  the  latter  a 
frequent  attendant  of  the  process  of  putrefaction.  Without  the  access  of  bacterium 
the  common  stinking  putrefaction  does  not  appear,  unless  the  conditions  of  putre- 
faction have  been  the  most  favorable.  Decomposition  without  stink  (as  in  still-born 
children)  takes  place  without  schizomycetes.  The  germs  of  bacteria  are  present  in 
enormous  quantity  in  all  terrestrial  moisture.  The  air  usually  contains,  especially  if 
it  has  been  very  rainy,  very  many  fungus-spores,  but  no  germs  of  bacteria.  (Rind- 
Ki.Tcrscir,  1.  o.) 

In  how  far  fungi  are  present  in  the  various  forms  of  gangrene,  is  not  yet  deter- 
mined. In  the  greater  number  of  cases,  fungus  formation  is  surely  secondary'. 

General  diseases,  of  which  fungi  must  without  doubt  be  regarded  as 
causes,  are  in  human  pathology  very  little  known.  On  the  other  hand  we 
know  of  many  vegetable  and  animal  diseases  which  are  with  certainty  the 
result  of  fungi.  Among  vegetable  diseases  belong  the  so-called  brand,  rust, 
etc.,  of  our  grains,  the  grape  and  potato  disease ; among  animal  diseases 
some  affections,  occurring  widely,  of  caterpillars,  flies,  etc.,  as  well  as  gan- 
grene of  the  spleen  of  mammals. 

The  infection  of  plants  by  parasitic  fungi  takes  place  only  after  the  latter  have 
sent  adrift  a germ-pouch.  The  germs  either  find  their  way  into  fissures  of  the  plants 
receiving  them,  then  pierce  into  the  spaces  found  beneath  and  from  there  into  the 
intercellular  ducts  ; or,  as  Scn.U’HT  has  shown,  they  penetrate  by  a sort  of  absorption 
or  chemical  solution  through  the  cell-walls,  forming  sharply  defined  holes,  and  thus 
go  far  into  the  interior. — The  grape-disease  is  due  to  oidium  Tuckeri  (Mom,,  Botan. 
/jtg.  1852,  ]>.  S) ; 1853,  p.  585;  1854,  p.  137),  the  potato-disease  to  permiospora  iu- 
festan*  (Dk  Bakv,  Die  gegemoartig  herrsch.  KirtoffclkraiMie.it.  18(51),  etc. 

The  importance  of  parasitic  fungi  for  the  lower  animals,  which  through  them 
are  destroyed  by  millions,  singly  or  epidemically,  was  first  shown  iu  the  so-called  Mus- 
cardine  of  the  silk-worm  (Bassi,  1835).  Equally  noteworthy  is  the  fungus  of  the 
house-fly  ( entomophthora  s.  empusa  musae).  At  first,  numerous  little  colorless 
cells  arise,  in  an  unknown  manner,  in  the  blood  of  the  animal.  These  quickly  grow 
to  a considerable  size,  retain  their  spherical  or  egg  shape,  or  grow  into  stretched 
pouches.  The  back  part  of  the  body  of  the  flies  swells  out  considerably,  their  motion 
becomes  slow,  and  they  die  with  peculiar  stretching  and  crooking  of  the  legs. 
Already  before  death  the  cells  have  extended  into  the  interior,  and  bear  cysts  with 
blind  extremities,  which  elongate  and  branch  root-like,  and  supplant  and  consume 
both  blood  and  intestines.  In  from  eight  to  ten  hours  after  death,  the  membrane 
between  the  segments  of  the  body  becomes  pierced  by  the  ends  of  the  cysts  above 
mentioned  ; these  stretch  out  and  form  on  their  extremity  a large  rounded  spore, 
which  may  be  thrown  out  to  a distance  of  3 cent.  The  dead  fly  soon  thereafter  be- 
comes inclosed  with  a white  dust.  Healthy  flies  have  hitherto  failed  to  become  in- 
fected by  the  spores. 


FUNGI  AS  CAUSES  OF  DISEASE. 
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Dk  Baiiy  has  discovered  four  different  forms  of  fungus  during  investigations  cf 
caterpillar  epidemics : botrytti  batarianti , cordycej  s muitarU,  ixaria  farinona  and 
Ktrigtmt.  He  observed  the  germination  of  spores  on  the  skin  of  animals,  saw  the 
penetration  inward  of  the  germ-pouches,  their  further  development  in  the  interior, 
and  the  formation  of  new  fructifying  fungus.  He  demonstrated  that  only  few  spores 
need  come  upon  the  surface  of  caterpillars  and  penetrate  into  the  interior  of  the 
animals,  in  order  to  increase  moderately  and  cause  death.  Botrytis  bansuina  is  the 
cause  of  muscardine  in  the  silk  worm  ; oordycepa  militant  is  found  on  the  pupa:  of 
the  butterfly  ; uaria  farinosa  occurs  on  caterpillars  which  devastate  the  North- 
German  pine-forests  ; imria  strigom  on  the  bodies  of  insects. 

Consult  Frey  aud  Lkbert,  Abh.  d.  ntiturh.  Get.  zu  Zurich.  Lebeiit,  Yirch. 
Arch.,  XII.,  p.  144.  De  Bary,  Hot.  Ztg.  1807,  p.  1;  lb.  1801),  p.  585.  Brefelu 
Abh.  d.  naturh.  Get.  zu  Halle , XII.,  p.  1. 

Gangrene  of  the  spleen,  which  on  account  of  its  transmissibility  to  man, 
and  on  account  of  its  relationship  to  malignant  pustule,  has  special  interest 
for  us,  is  produced  by  bacteridia,  or  filamentous  bacteria,  which  by  their 
rapid  development  in  the  blood  not  rarely  act  like  ferments  ip.  a fatal 
manner.  Upon  inoculation  the  disease  reaches  even  to  the  smallest  blood- 

Gangrene  of  the  spleen  of  animai.s  is  usually  endemic  or  epidemic.  It 
occurs  primarily  only  in  the  herbivora  (swine,  beef,  sheep,  etc. ),  but  is  transmitted 
from  these  to  the  carnivora  and  man.  It  is  found  especially  in  malarial  regions, 
under  the  conditions  of  moisture  and  high  temperature  of  the  external  air. 

Gangrene  of  the  spleen  occurs  most  frequently  with  carbuncle  : i.  e.  a circumscribed 
inflammation  of  the  external  skin,  sometimes  also  of  the  surperficial  mucous  mem- 
branes with  fibrino-pumlent  haemorrhagic  exudation,  aud  mostly  with  its  termination 
in  gangrene.  Much  more  rarely  it  is  found  in  form  of  a more  diffuse  and  further  ex- 
tended inflammation.  In  both  eases  there  quickly  appears  severe  general  suffering, 
attended  by  a mostly  fatal  termination.  Autopsy  shows  the  blood  dark,  tenacious, 
reddening  with  difficulty,  slowly  coagulating,  with  extensive  imbibition  ; the  spleen 
is  for  the  most  part  very  large  and  soft ; under  the  skin,  between  the  muscles,  and 
about  the  vessels  are  jelly-like  yellow  or  reddish -yellow  fibrino-purulent  exudations. 
Putrefaction  is  rapid.  More  rarely  than  these  localizations  of  gnugrt  ne  of  the  spleen 
are  found  general  affections:  either  so-called  apoplectic  or  fulminating  gangrene  of 
the  spleen,  in  which  animals  after  great  agitation  fall  down  and  usually  are  quickly 
destroyed ; or  the  febrile  gangrene  of  the  spleen,  when,  under  high  fever  with  initial 
chill,  great  weakness,  stupefactiou,  etc.,  death  appears. 

Gangrene  of  the  spleen  in  man  never  arises  spontaneously,  but  always 
by  contagion  with  individuals,  or  parts  affected  by  this  disease.  The  contagiousness 
is  in  proportion  to  the  severity  and  acuteness  of  the  disease  of  the  animal.  If  the 
spleen  and  blood  are  most  infectious,  less  so  probably  are  the  hide,  hair,  etc.,  and 
still  less  so  the  products  of  these  (leather,  glue,  wool).  Yet  these  parts  retain  even  in 
the  dried  state  for  months  their  ability  to  infect.  All  men  are  susceptible  to  the 
poison,  infection  affects  especially  farmers,  shepherds,  tanners.  In  the  summer 
months  it  occurs  most  frequently. 

Gangrene  of  the  spleen  occurs  in  man  generally  in  the  same  forms  as  in  animals. 
The  primary  carbuncle  is  most  frequent  ou  the  skin,  especially  in  those  parts  of  the 
body  which  are  not  at  all,  or  only  at  times  covered  (face,  neck,  fore-arms  and  hands); 
their  origin  is  due  to  demonstrable  inoculation.  Much  rarer  is  the  diffuse  or  ery- 
sipelatouB  form.  Both  forms  show  sometimes  only  the  appearances  of  local  trouble, 
sometimes  are  accompanied  by  fever,  and  lighter,  or  more  severe  and  fatal  general 
symptoms. 

The  constitutional  disease,  gangrene  of  the  spleen,  is  much  less 
accurately  known.  It  is  found  sometimes  simultaneously  with  (the  primary)  car- 
buncle, sometimes  this  appears  only  during  the  course  of  the  disease  (secondary  car- 
buncle;, sometimes,  finally,  it  is  absent.  The  disease  runs  its  course  sometimes  in 
one  or  in  a few  days,  most  frequently  in  a week,  rarely  longer.  It  is  characterized  by 
severe  febrile  general  symptoms  (exhaustion,  pain  in  muscles,  and  headache,  gastric 
disturbances,  often  colics),  which  are  followed  by  general  weakness,  distressing  apnoea, 
etc.,  and  with  symptoms  similar  to  those  of  asphyxial  cholera,  by  death.  Similar  ap- 
pearances are  olmerved  at  the  autopsy,  as  in  animals. 

In  all  these  cases,  in  man  and  animals,  xehizoviyct  te*  appear  to  lie  the  carriers  of 
the  disease.  These  bodies  disappear  with  the  complete  putrefaction  of  the  blood, 
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which  distinguishes  them  from  the  corresponding  infusoria.  Therewith  also  ceases 
their  power  to  infect.  They  enter  the  body  probably  with  the  drink.  They  are  ob- 
served in  the  blood,  first  in  from  one  to  five  hours  after  the  first  symptoms  of  gan- 
grene of  the  spleen,  increase  then  from  hour  to  hour  very  considerably  in  quantity 
and  accumulate  in  the  capillaries.  The  blood  shows  the  farther  peculiarity,  that  the 
red  corpuscles  are  glued  together  and  swim  in  the  serum  like  scattered  islands. 

Davaink  (Conipt.  rend.  de.  I'ttcnd.  d.  sc.,  1863,  LVI1.,  p.  220)  first  discovered  the 
corpuscles  of  gangrene  of  the  spleen,  but  considered  them  of  no  importance.  Pol- 
LKNDEit  ( Cnsj).  Vtljuchr,  1855)  found  them  in  the  blood  of  dead  animals,  Brauell 
( 1 irch.  Arch.,  1857,  XI.,  p.  132,  1858.  XIV.,  p.  432)  a short  time  before  death ; the 
latter,  however,  neither  regards  them  as  bearers  of  the  contagion,  nor  ascribes  to 
them  an  etiological,  but  only  a prognostic  signification.  Delafond  (IHe  Blntkrank - 
heit  der  Schafe  u.  s.  w.,  Uebers,  1844.  lire,  de  In.  mid.  vet  r.,  1800,  VIII.,  July, 
Sept.)  regards  them  as  organisms  similar  to  algre,  and  as  the  contagium  of  gangrene 
of  the  spleen  : after  the  death  of  the  animal  the  rod-like  bodies  grow,  but  vibrios 
appear  first  with  the  putrefaction  of  the  blood  in  this  disease,  whilst  the  rods  disap- 
pear. Davaink  (Mem.  de.  la.  Hoc.  de.  Biol.,  1805,  V.,  p.  103,  etc./  then  made  farther 
investigations,  and  demonstrated  the  connection  of  the  corpuscles  with  gangrene  of 
the  spleen  by  inoculation.  Consult  also  the  general  treatise  of  Virchow  (Hdh.  d. 
sj/ec.  Bath.,  1855,  II.,  1,  Abth.,  p.  387)  and  Koranyi  (Pitiia-Billr. , Udb.  d,  Chir. 
1870.  I.,  2.,  Abth.,  p.  149). 

Bollinger  (Med.  Ctlibl.,  1872.,  No.  27)  has  lately  made  clinical  investigations  in 
the  ox  and  horse,  as  well  as  experiments  by  inoculation.  He  found  the  corpuscles 
mentioned  in  the  blood  of  animals  affected  with  gangrene  of  the  spleen,  almost  con- 
stant during  life  and  after  death.  True  gangrene  of  the  spleen  may  be  produced  by 
inoculation  with  the  blood  of  anthrax  without  these  little  rods,  and  yet  the  blood  of 
inoculated  animals  contains  these  fonns, because  in  the  former  (blood  of  anthrax)  are 
found  the  germs  of  bacteria.  And,  rice  versa,  anthrax  may  be  produced  by  inoculation 
with  the  blood  of  this  disease  containing  bacteria,  without  the  blood  of  the  inoculated 
animal  showing  rod-shaped  bacteria : it  contains  germs  of  bacteria,  which  may  be 
developed  post  mortem  into  little  rod-shaped  bodies.  The  chemical  action  of  bacteria 
of  gangrene  of  the  spleen  in  the  living  body  depends,  according  to  B.,  essentially  upon 
the  fact  that  they,  on  account  of  their  enormous  chemical  affinity  for  oxygen,  absorb 
it  with  great  greed  and  in  great  quanity,  whilst  they  withdraw  it  from  the  blood- 
corpuscles.  Thus  with  the  enormous  number  of  bacteria,  there  is  sometimes  want  of 
oxygen  and  an  excess  of  carbonic  acid : dyspnoea,  clonic  convulsions,  dilatation  of  the 
pupils,  sinking  of  the  temperature,  and  finally  asphyxia.  Thus  in  the  cadaver  are 
found  all  the  changes  which  result  from  poisoning  by  carbonic  acid.  The  fulminant 
(apoplectiform)  forms  of  anthrax  are  on  that  account  to  be  ranged  in  line  with  cases 
of  death  from  poisoning  by  prussic  acid. 

Davaine  found  bacteridia  also  in  two  examples  of  malignant  pustule  in  men,  who 
had  died  on  the  third  day  of  the  disease.  Here  they  were  found  in  the  centre  of  the 
pustules  between  the  epithelial  cells  in  very  large  groups,  in  the  middle  of  which 
they  were  crowded  ; in  the  periphery  they  lay  in  separate  groups,  between  which 
were  found  the  epithelial  cells.  From  here  they  penetrated  into  the  blood  and  lymph- 
vessels  of  the  skin.  Others  afterward  looked  for  them  in  vain  in  similar  cases. 


Many  remarkable  fatal  cases,  which  have  been  observed  in  late  years,  are 
•with  the  greatest  probability  related  to  gangrene  of  the  spleen,  and  are  cer- 
tainly dependent  upon  bacteria : the  so-called  Mycosis  intestinalis.  Its 
essential  condition  consists  in  the  occurrence  of  great  numbers  of  vibrios 
and  bacteria  in  the  blood  ; in  a resulting,  mostly  circumscribed  haimor- 
rhagico-purulent  inflammation  of  the  mucous,  or,  at  the  same  time,  of  the 
sub-mucous  coats  of  the  stomach  or  intestines,  or  of  both,  with  very  abundant 
schizomycetes,  and  in  consecutive  affections  of  the  lymphatic  vessels  and 
glands  belonging  to  these  organs;  in  various  affections,  inflammatory  or 
haemorrhagic,  of  different  organs,  dependent  upon  the  same  fungi.  The  dis- 
ease always  ran  a very  acute  course.  The  symptoms  were  not  very  charac- 
teristic: they  belonged  for  the  most  part  to  the  stomach  and  intestines; 
usually  high  fever  and  severe  brain-symptoms.  The  termination  was  always 
fatal. 


INTESTINAL  MYCOSIS. — DIPHTHERIA. 
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The  first,  yet  not  clear  cases  of  this  intestinal  mycosis  were  recorded  by  W vm.- 
Virchow  i.lVrA.  1861,  XXI..  p.  579),  and  v.  U-ecklingii.aosex  < lb.  1804,  XXX..  p. 
860).  Then  follows  the  important  observations  of  linn,  ( ZUchr . f.  /Ho/.,  1871.  VI., 
p.  129 1.  These  were  complemented  by  the  cases  by  Waldeykr  ( 17/rA.  Arch.,  1871, 
LII.,  p.  541  i and  by  the  author.  ( Kin  F<tU  ton  tuiitlkher  Pikkrankheit , Mycosis  itt/ex- 
tinnli*.  Fe*t*chrift,  1872.)  Consult  also  N KYI) [NO  ( Vtljxchr.  f.  yer.  Med. , 1809,  X. 
p.  241)  and  Mi  NCH  {Med.  Ctrlbl.,  1871,  Xo.  51). 

In  the  same  way  as  in  the  affections  above  mentioned,  the  mode  of  origin 
of  other  diseases  is  not  yet  proven.  Many  acute  infectious  diseases  espe- 
cially, which  are  certainly  or  probably  contagious,  have  had  their  origin 
traced  back  to  bacteria.  The  grounds  adduced  for  this  are  partly  theo- 
retical, partly  that  the  fungi  have  been  actually  found  in  the  diseases  in 
question.  Among  the  theoretical  grounds  the  most  weighty  are:  the  simi- 
larity of  many  of  these  diseases  to  those  above  described  of  plants  and 
animals,  especially  gangrene  of  the  spleen  and  intend  italic  ; the 

course  of  many  epidemico-contagious  diseases  in  individual  cases,  and  with 
respect  to  epidemics  as  a whole  (similarity  with  respect  to  the  periodical 
coining,  spread,  and  disappearance  of  many  lower  organisms) ; the  infectious- 
ness  of  substances  which  have  been  evacuated  by  the  sick,  for  the  most 
part  only  after  a certain  time;  the  lapse  of  a fixed  time  between  the  moment 
of  infect  ion  and  the  beginning  of  the  symptoms  of  disease  (as  if  essential  dis- 
turbances appeared  only  after  an  increase  of  the  fungus-spores  taken  up  in 
the  infection). 

Among  diseases  in  which  fungi  have  been  found  during  life  (in  many 
exudations  of  the  throat,  etc.,  in  intestinal  evacuations,  etc.)  or  in  the 
dead  hotly,  or  where  there  has  l>een  a successful  inoculation,  belong  diph- 
theria, pya-mia  of  puerperal  fever,  small  pox.  In  many  of  these  dis- 
eases infection  takes  place  through  wounds,  etc.  (see  Pvamiia),  in  others 
probably  through  the  inspired  air,  or  by  food  and  drinks,  especially  drink- 
ing-water. bacteria  appear  free  or  inclosed  within  white  biood-corpuseles 
in  the  blood,  and  therewith  into  various  tissues.  They  finally  disappear 
in  an  unknown  manner  or  are  excreted  with  the  urine,  unless  death  sooner 
occurs.  According  to  different  observers,  bacteria  vary  in  different  dis- 
eases (gangrene  of  the  spleen,  diphtheria,  py«*mia)  : they  belong  collect- 
ively to  the  immovable  globular  bacteria.  Besides^  bacteria  are  probably 
not  individually  injurious,  but  taken  into  the  bloodvessels  they  cause  a de- 
composition of  the  blood,  aud  give  rise  to  poisonous  secondary  products. 

Most  numerous  investigations  concerning  the  parasitic  nature  of  these  diseases 
have  been  mode  in  epidemic  diphtheria  of  the  throat:  Tommasi-Hcktkr,  Brin., 
Oektki..  Trend  ELEN  in  kg,  NasiloKK.  Here  nre  found  micrococci  and  bacteria 
for  the  most  part  in  endless  quantity,  not  only  in  the  epithelium  of  the  throat,  in  the 
young  exudation  cells,  etc.,  hut  also  in  the  mucous  membrane,  sub-mucous  tissue,  in 
the  lymphatic  vessels  aud  glands  which  l>elong  to  them,  in  the  blood,  and  farther  in 
the  lungs,  kidneys,  in  the  urine,  in  the  spleen,  etc.  Diphtheria  has  been  conveyed 
to  rabbits  by  introducing  diphtheritic  masses  into  the  opened  trachea  (Trkn'DELEN- 
ucro,  Oektki.).  After  inoculations  of  diphtheritic  membranes  under  the  skin  and 
into  the  muscles  of  rabbits,  there  arises  an  altogether  specific  process,  which  is  dis- 
tinguished from  that  arising  after  similar  inoculations  of  pyaemic  pus.  gangrenous 
tissue,  putrefying  substances,  etc.  ; the  organs  and  the  blood  in  the  former  contain 
milliards  of  micrococci,  etc.  ; in  the  latter  none  (Oertel).  Substance*  from  animals 
subjected  to  the  former  inoculations  introduced  into  the  air -passages  of  other  rabbits, 
again  cause  diphtheria  of  these  passages  (Oektki.).  Micrococci  reach  the  interior  of 
cells  either  by  perforating  the  cell-membrane,  or  the  hyaline  plasma-cells  surround 
the  cocci  and  inclose  them  within  themselves.  They  then  take  up  the  nitrogenous 
nutritive  substance  into  themselves,  so  that  a cell  is  consumed  in  twenty-four  hours 
as  fur  us  the  cell-membrane ; they  separate  and  quickly  increase  (ride  infra , diph- 
theritic exudation). 
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Hdeteii  {Med.  Centrum. , 1808,  Nos.  12,34.  35;  II  Ztachr.  f.  Chir .,  1872,  T.,  p. 
91.  etc.)  has  demonstrated,  as  if  experimentally,  in  the  sick,  that  monads  (aerobin) 
developing  in  great  number  in  putrefying  blood,  penetrate  very  largely  into  living 
tissues  and  into  the  circulating  blood,  even  hence  they  may  appear  in  the  secretions 
of  the  body,  and  by  their  extent'give  rise  to  inflammatory  processes  of  special  kinds, 
especially  diphtheria,  erysipelas  of  wounds,  so-called  diphtheritic  phlegmon.  Besides, 
monads  exciting  putrefaction  may  penetrate  through  the  vessel-walls  into  venous 
thrombi  and  thus  give  rise  to  putrefaction,  emboli,  and  to  metastatic  inflammations. 

According  to  Kerbs  {Bcitr.  zur  pathol.  Anal  d.  Schvssw .,  1872,  etc.)  the  deleterious 
character  of  pus.  as  well  as  the  general  infection  (pyaemia)  appearing  during  sup- 
puration, is  dependent  upon  the  presence  of  schizomycetes  (Keebb’  microxporon 
septic  urn).  These  grow  on  the  surface  of  wounds,  penetrate  into  the  tissues,  induce 
decay,  and  reach  the  blood  by  perforation  of  the  vessel-walls.  They  are  the  causes 
of  secondary  inflammations  and  suppurations.  Kt.  confirms  these  statements  also 
by  experiment.  He  injected  animals  with  fluids  containing  fungi,  which  often 
caused  very  widely- extended  suppurations,  and  until  death  continual  fever.  The 
same  fluids  filtered  through  a clay  cylinder  did  not  induce  suppuration,  but  high 
fever,  which  in  one  to  three  days  passed  away.  (See,  in  opposition,  Wolff,  infra.) 

According  to  Klebb  (Tagebl.  d.  Nat.  Vers .,  1872,  p.  212)  the  development- of  the 
micrococcus  does  not  take  place  in  the  blood  of  normal  animals  under  conditions 
iu  which  the  blood  of  animals  infected  with  micrococcus  shows  a great  development  of 
these.  The  distribution  of  micrococci  in  sepsis,  variola,  and  rinderpest  offers  dif- 
ferences so  characteristic,  that  a specific  difference  between  them  must  be  assumed. 
(Kleiis). 

Bin dfleiscit  (Lehrb.  der  path . Geioebel. , 1871,  p 204)  had  already  shown  that  the 
small  abcesses  of  the  heart  in  pyaemia,  puerperal  fever,  etc.,  consist  only  of  vibrios. 

The  subcutaneous  injections  of  Ki.eim,  according  to  which  only  the  fungus  masses 
cause  local  suppurations  and  until  death  continued  fever,  the  filtrate,  on  the  other 
hand,  only  transient  fever  and  never  local  suppuration,  afforded  in  the  hands  of 
Wolfe  ( Bert. . Gtrlbl. . 1873.  Nos.  8,  9)  other  results:  he  fouud  in  rabbits  only  a 
gradual  difference  between  the  action  of  the  filtrate  and  that  of  the  fungus-holding 
sediment. 

According  to  Bbertii’s  (Med.  Centralbl.,  1873.  No.  8)  numerous  experiments,  the 
skin  of  the  rabbit  becomes  diphtheritic  by  inoculation  of  the  diphtheritic  layer  from 
the  throat,  of  the  endocardial  deposits  in  primary  malignant  endocarditis,  of  the 
diphtheritic  layer  from  the  mouth,  of  the  pus  of  inflamed  veins,  of  those  of  pyaemia, 
of  pnrulo-croupous  exudation  in  puerperal  peritonitis,  and  of  the  blood  iu  sepsis  and 
diphtheria  of  dead  lying-in  women.  According  to  E.  pyromia  is  mostly  a diphtheria. 
Many  forms  of  septico-pyaemia  are  compound  mycoses  of  the  bacteria  of  diphthe- 
ria and  putrefaction.  Farther  experiments  established  a quantitative  difference  in 
the  effect  of  bacteria  of  diphtheria,  and  those  of  putrefaction  (on  rotten  flesh,  in 
putrid  urine  and  blood)  ; they  make  probable  the  difference  of  these  organisms. 

Consult  also  the  earlier  observations  of  VlBCflow  (Ges.  Abh.  1850,  p.  709)  and 
Beckmann  ( Virch.  Arch.  XI.,  p.  64),  the  manifold  researches  of  Coze  and  Feltz 
(Iiech.  din.  et  cj-per.  sur  les  mal.  infeetievses,  1872). 

Ortii  (Arch,  der  Jleilk .,  1872,  XIII.,  p.  205)  describes  a case  of  septic  mycosis  in  a 
new-born  infant  whose  mother  had  puerperal  fever. 

Waldeyer  (Arch.  f.  Gyndk. , 1872,  III. , p.  293)  found  abundant  bacteria  in  the 
diphtheritic  deposits  on  the  inner  surface  of  the  puerperal  uterus,  in  the  puriform 
masses  of  the  lymphatics  of  the  uterus  and  its  connections,  in  the  peritoneal,  once 
also  in  the  pleural  and  pericardial  exudations. 

IIiRSCHFELD  ( Arch.  d.  Jleilk.,  1872,  XIII..  p.  489).  in  numerous  cases  of  fatal 
puerperal  fever,  found  micrococci  free,  or  in  colonies  on  the  puerperal  ulcers,  in  the 
surrounding  epithelium,  in  the  submucous  tissue,  in  the  lymphatics,  in  the  pelvic 
cellular  tissue,  in  the  exudation  of  serous  cavities,  in  the  pelvic  lymph-glands,  in  the 
spleen,  etc.  According  to  his  experiments  the  white  blood-corpuscles  take  up  the 
micrococci  in  great  numbers  upon  the  introduction  into  the  blood  of  moderate  quanti- 
ties of  liquid  containing  micrococci.  The  spleen  retains  a part  of  them  in  its  pulp- 
cclls,  and  when  they  are  abundant  there  appears  a distinct  swelling  of  the  organ. 
Thus  is  explained  according  to  II.  the  constant  occurrence  of  acute  tumor  of  the 
spleen  in  the  diseases  in  question. 

Recklinghausen  ( Vortrag  in  d.  Wurzb.  phys.—med.  Gez.  v.  10  Jnni  1871) 
found  in  a whole  series  of  infectious  diseases,  above  all  pyaemia  and  puerperal  fever, 
besides  typhoid  fever,  acute  rheumatism  of  the  joints,  infiltration  of  urine  and  pul- 
monary gangrene,  as  causes  of  the  multiple  metastatic  foci,  with  absence  of  a simulta- 
neous endocarditis,  miliary  accumulations  of  small  organisms,  which  he  regarded  as 
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micrococci.  R.  found  deposits  of  fungus  in  the  kidneys  especially  frequent,  some- 
times still  quite  fresh  without  any  reactive  appearance,  more  often  surrounded  by  a 
haemorrhagic  zone  or  purulent  infiltrated  tissue.  They  are  found  not  only  in  the 
bloodvessels,  especially  the  smallest  veins,  but  also  within  Bowman’s  capsules  and 
urinary  tubuli,  where  they  lloated  away  with  the  urine,  as  was  shown  in  the  con- 
tents of  the  bladder  either  during  life  or  after  death.  The  filling  up  of  those  dif- 
ferent channels  is  often  so  great,  that  knot-like  swellings  arise,  which  go  on  to  per- 
foration and  escape  of  the  fungus  masses. 

A fungus-form  altogether  different  from  the  micrococcus,  which  consisted  of 
knotty  rods  of  green  color,  was  discovered  by  It.  in  a case  of  scarlet  fever,  as  ele- 
ments of  similar  small  foci  in  the  renal  pyramids.  The  urine  of  the  sick  person, 
who  died  on  the  sixth  day,  contained  casts  covered  by  the  same  elements.  It.  re- 
gards these  metastases  of  fungus  not  as  emboli  in  the  sense  adopted  by  Virchow. 
The  contrary  is  shown  by  the  frequent  extravascular  position  of  the  misplaced  mate- 
rial ( R found  micrococci  also  within  the  pulmonary  alveoli),  and  by  the  absence  of 
endocarditis. 

Wkiokrt  (Med.  Central W.,  1871.  Xo.  30)  found  in  tin-  pocks  of  the  dead  body, 
which  were  most  developed  on  the  sixth  day  after  the  appearance  of  the  first  sign  of 
the  exanthem  which  further,  at  least  in  part,  had  an  hannorrhagic  character,  bacteria 
of  the  smallest  form.  They  lay  in  pouches,  which  perhaps  corresponded  to  the  lym- 
phatics ; especially  in  the  vicinity  of  the  pocks.  The  same  was  seen  in  the  small 
cutaneous  hfemorrhages,  which  are  found  in  decided  haemorrhagic  c-ises  without 
or  with  indistinct  pock-  formation. 

According  to  Klerk  (Arch,  fur  er/wr.  Pathol.  I.,  p.  31),  giant-cells  occur  in  the 
epidermis  in  variola,  which  cells  are  developed  from  the  micrococci  in  the  cells  of  the 
animal  exciting  the  disease.  They  contain  sometimes  many,  sometimes  no  nuclei. 

F.  CoilN  ( Yirch.  Arch.  1872.  LV\,  p.  233),  likewise  Kehku  and  others,  have  demon- 
strated in  the  liquid  of  the  vaccine  and  Vitriol  a pastille  living  unicellular  organisms  of 
the  group  of  the  so-called  globular  bacteria  imicmx/i/arra,  family  of  the  Schizomy- 
cetes);  they  are  constantly  present,  and  in  the  greatest  number,  and  increase  with 
extraordinary  quickness. 

Porofk  ( Wert.  med.  Jahrh.  1872.  p.  414)  found  the  micrococcus  once  in  putrid 
bronchitis,  where  the  large  and  small  bronchi,  and  especially  the  alveoli,  were  almost 
entirely  filled  by  it;  likewise  once  in  diphtheria  of  the  larynx;  once  in  variola  hsurn- 
orrhagica  in  the  capillaries  and  pulmonary  alveoli;  twice  in  pulmonary  gangrene. 

VV.iLDF.YEK  (SchU*.  Or*,  f.  raterbi ad.  Cult.  4,  Aug.  1871)  saw  colonies  of  bacteria 
in  the  liver,  stomach,  pancreas,  supra-renal  capsules,  where  they  appeared  us 
black  spots  of  the  size  of  a grain  of  sand,  in  a case  of  acute  diffuse  hepatitis.  Also 
many  hundreds  of  miliary  foci  of  bacteria  in  the  tlesh  of  the  heart  in  pyannia.  Bac- 
teria were  the  sole  cause  in  four  cases  of  miliary  abscess-like  foci  of  the  kidneys. 
W.  saw  also  many  cases  of  lueinorrhugic  nephro-pyelitis  in  various  acute  infectious 
diseases,  where  in  the  raucous  membrane  of  the  renal  pelvis,  as  well  as  in  the  blood- 
vessels interstitially,  colonies  of  bacteria  were  found. 

H u. I.IKI1  and  others  found  in  the  diseases  in  question,  numberless  micrococci  in 
the  blood,  which  by  cultivation  have  germinated  and  passed  into  known  fungi  (mea- 
sles : tnuC'tr  mucedo  ; typhoid  fever  : rhizopu*  nigrirau*  ; variola  : rurotium  herbarum , 
etc.).  Lktzkkicu  affirms  the  same  of  whooping-cough.  Kleiws ( Verh.  d.  W'argb.  Or*., 
Jan.,  1873)  describes  a micrococcus  in  measles. 

ORTH  ( Tayebl.  d.  A a turf,  - !>/•*.,  1872,  p.  214)  investigated  traumatic  erysipelas 
pathologico-anatomically  and  experimentally.  He  found  in  the  fluid  of  this  affection, 
besides  various  numerous  red  and  white  blood-corpuscles,  enormous  masses  of  bac- 
teria. Theso  were  for  the  most  part  oval,  in  part  also  rod-shaped.  They  were 
absent  ill  internal  organs.  According  to  OitTU  (Arch,  f,  rxjt.  Path.,  1873,  I.,  p.  81) 
epidemic  erysipelas  owes  its  origin  to  a poison  contained  in  the  blood,  as  well  as  especi- 
ally in  the  affected  parts  of  the  skin.  It  may  be  communicated  to  other  individuals  by 
inoculation  with  these  fluids  Bacteria  go  hand  in  hand  with  the  development  of  ery- 
sijwlas.  'lhe  characteristic  symptoms  of  disease  may  lie  produced  also  by  bacteria, 
which  have  been  artificially  cultivated.  Bacteria  are.  however,  only  the  indirect 
causes  of  disease,  since  they  are  not  found  in  great  quantity  in  the  blood  of  those 
infected,  and  since  their  destruction  lessens  the  activity  of  the  infectious  fluids,  but 
does  not  wholly  destroy  it.  They  belong  probably  to  the  globular  bacteria. 

Gukvelkr  and  Hi  t EK  (Med.  CtrlbL.  1872.  No.  41) i investigated  the  general  dis- 
turbances of  the  circulation  after  infection  of  frog  by  fluids  containing  monads. 
The  white  blood -corpuscles  adhered  in  great  number  to  the  inner  wall  of  lhe  blood- 
vessels; but  ouly  a few  wandered  out.  A remarkably  great  number  of  capillaries 
were  excluded  from  the  circulation ; this  is  frequently  caused  by  one  or  two  white 
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blood-globules  becoming  adherent  at  the  point  of  exit  of  the  capillaries.  Slow  and 
incomplete  circulation  was  found  in  other  capillaries. 

OiiKU.MF.iKK  {Med.  Centralbl .,  1873,  No.  10)  found  in  remittent  fever  during  the 
hot  stage  (not  in  the  remission,  and  shortly  before  and  during  the  crisis)  very  tine 
filamentous  forms,  which  possessed  a very  rapid  movement:  the  movement  consisted 
partly  of  undulations  in  the  filament  itself,  partly  in  curvings,  cork-screw-like,  etc. 

Cholera  also  belongs  among  those  diseases  in  which  genesis  of  fungus  is  always 
brought  forward  anew.  After  the  older  English  data  (Twayne  and  Bkittan,  WIL- 
LIAMS and  others)  had  been  shown  in  part  to  depend  upon  gross  microscopical  illu- 
sions, the  more  recent  ones  of  Ki.oit,  Thome  and  Haulier  met  with  a similar  fate. 
In  diarrhoeas  of  every  kind,  also  after  laxatives  (sulphate  of  magnesia  : Kyjjek),  in 
dysentery  (15 akcii)  the  lower  vegetable  organisms  are  greatly  increased.  Virchow 
(Arch.  XLA  II.  p.  524)  found  the  same  in  a case  of  very  acute  arsenic-poisoning.  As 
little  demonstrated  are  the  fungi  of  intermittent  fever  (Salisbury,  and  others). 
How  easily,  even  the  most  expert  histologists  fall  into  gross  errors,  is  shown  by  the 
strife  just  ended  over  the  corpuscle  of  syphilis  (Btricker,  Lostokfkk.) 

In  the  foregoing  are  the  most  important  affections,  which  according  to 
many  are  certainly  caused  by  fungi,  according  to  others  only  possibly,  and 
which  also  have  been  the  source  of  some  doubtless  erroneous  views.  Therein 
also  has  inoculation  often  been  made  mention  of  as  proof  with  respect  to 
pathogenesis.  That  in  this  the  greatest  precaution  with  respect  to  the  kind 
of  material  to  be  inoculated,  the  performance  of  the  inoculation  itself,  finally 
the  critical  examination  of  the  result  is  necessary,  is  at  once  understood. 
But,  especially  with  respect  to  the  first  and  most  important  point,  there  have 
been  the  most  frequent  mistakes  ; a preliminary  clear  representation  of  the 
elements  of  the  question  is  yet  wholly  impossible.  The  so-called  cultivations 
are  wanting  in  most  directions  in  certainty.  Even  the  best  botanists  after 
investigating  for  years  those  fungi  which  are  of  the  greatest  importance  for 
human  pathology,  determine  only  the  so-called  “ physiological  ” and  patho- 
logical species.  Finally,  it  is  conspicuous,  that  until  now  no  two  observers 
have,  concerning  the  same  disease,  reached  the  same  results : the  specific 
fungus  of  one  is  disavowed  by  another,  etc.  But,  in  spite  of  all  that,  much 
is  yet  to  be  expected  from  the  farther  cultivation  of  this  field,  with  respect 
to  the  aetiology,  etc.,  of  many  diseases. 

Groiik  ( Oreifsw . vied.  Sitz n n gsber,  1 8119)  saw  death  appear  30-36  hours  after  injec- 
tion of  2-3  C cent,  of  spore-fluid  into  the  jugular  of  rabbits.  At  the  autopsy  fresh  miliary 
tubercles  or  nodular  abscesses,  which  consisted  of  fungi,  were  found  in  the  lungs, 
heart,  liver,  kidneys,  mucous  membrane  of  the  digestive  tract,  and  muscles  of  the 
body.  By  injection  of  the  same  substance  into  the  carotid,  numerous  fungus-foci 
were  found  in  the  substance  of  the  brain,  vitreous,  Arc.  The  fungi  develop  within 
the  blood-channels,  their  ramification  at  first  follows  the  course  of  the  blood-vessels  ; 
farther  on  they  penetrate  through  the  vessel-walls  and  develop  further  in  the  paren- 
chyma of  the  organs.  G.  calls  the  process  mycosis  generalis  acutissima , •?.  foudr</y«nte. 
By  injection  of  the  spore-fluid  into  the  abdominal  cavity  there  were  developed  first 
on  the  peritoneum  and  its  folds,  common  and  mycotic  tubercle  : afterwards  also  in 
the  liver,  kidneys,  less  in  the  lungs  and  muscles. — Consult  also  Block.,  Beitr.  z. 
Kenntniss.  d.  Pikbildung  in  den  Geiceben  dee  thier.  Organ.,  Stettin,  1870. 

Semmer  ( Virch.  Arch.,  L. , p.  168),  in  two  series  of  experiments,  injected  into  the 
blood  smaller  or  larger  masses  of  spores  and  yeast  of  penicillium  glaucum,  without 
important  consequences.  The  same  thing  was  shown,  when  in  addition  micrococcus 
or  arthrococcus  yeast  was  injected.  But,  in  a ease  in  which  gangrene  of  the  spleen 
again  appeared  from  infection  by  fungus  spores  and  micrococcus  which  had  been 
cultivated  from  the  blood  of  the  same  disease,  the  outbreak  occurred  on  the  ninth 
day  after  injection,  and  the  full  development  on  the  tenth  day  caused  death. 

| Consult  also:  Davaine,  Acad,  de  Med.  de  Bam.  stance  du  28  Janvier,  1873. 
Debate  on  the  Germ  Theory  of  Disease  in  the  Pathological  Soc.  of  London,  in  Lancet, 
April  and  May,  1875— Ed. J 


Numerous  other  researches  are  not  given  here,  partly  because  of  deficient 
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botanical  knowledge,  partly  because  of  the  frivolous  comparison  of  fungus 
diseases  with  certain  affections  of  man. 

B.  ANIMAL  PARASITES  : ZOOPARASITES. 

Animal  parasites  inhabit  either  the  outer  coverings  only  (ectoparasites, 
epizoa),  or  only  internal  organs  (entoparasites,  entozoa) ; but  this  distinc- 
tion is  not  strict. 

The  most  frequent  locations  of  animal  parasites  are  the  skin  and  intes- 
tines, nevertheless  almost  every  organ  harbors  parasites.  Many  parasites 
live  only  in  certain  organs  (e.  g.,  the  encysted  Trichina,  the  Strougylus 
gigns)  ; others  are  found  in  different  organs  (c.  g.f  Cvsticercus  and  Echino- 
coccus). Many  parasites  are  found  only  in  man  (c.  g.,  Pediculus  capitis, 
Bothriocephalus  latus);  others  are  found  in  man  and  animals  (e.  g.}  Trichi- 
na, Distoma  hepaticura) ; but  very  seldom  in  several  classes  of  animals 
{e.  g.,  Trichina). 

The  natural  history  of  many  parasites  is  almost  entirely  unknown,  while 
we  possess  the  fullest  knowledge  of  the  origin  and  development  of 
others. 

In  general,  the  characteristic  ]>eriods  of  the  life  of  the  entozoa  are  three, 
for  the  most  part  stages  of  development  formally  different  from  one 
another : the  embryo,  the  intermediate  state,  and  the  mature  animal. 

The  embryo  destined  to  produce  the  parasitic  state  remains  mostly 
passive  ; the  intermediate  state  takes  up  the  process  of  development  and 
carries  it  on  so  far  that  immediately  after  passing  into  the  third  stage  ma- 
turity appeal’s.  The  life  of  parasites  is  distributed,  dependent  upon  two, 
and  eveu  more  bearers,  of  which  one  harbors  the  young,  the  other  the  ma- 
ture animal.  These  bearers  are  sometimes  only  individually  different  from 
one  another,  as  in  the  case  of  trichina ; more  often  they  belong  not  only  to 
different  species  and  genera,  but  even  to  different  orders  or  classes.  Tlie 
early  states  of  individual  entozoa  are  found  esjx*ci*lly  in  those  animals 
which  serve  as  food  to  the  bearers  of  the  perfected  parasite  (e.  g , the  per- 
fected  'lamia  crassicolhs  lives  in  the  intestines  of  the  cat ; the  young  form, 
the  Cystieercus  fasciol&ris,  in  the  liver  of  mice.  Tamia  solium  exists  in 
its  youth  in  swine,  Jfco. 

The  fate  of  entozoa  depends  more  upon  chance  than  that  of  any  other  animals : 
the  ovum  must  find  its  proper  bearer,  and  the  latter  must,  later  and  at  the  right 
time,  be  eaten  by  another  and  proper  animal.  Indeed,  the  more  complex  the  life  of 
a parasite  is.  so  much  smaller  is  the  probability  of  its  prosperity,  in  the  case  of  the 
tape-worm,  out  of  eighty-five  millions  of  eggs  only  oue  is  developed  again  into  a 
tape-worm.  Only  the  enormous  fertility  of  parasites  counterbalances  this  loss. 

The  immigration  of  external  parasites  upon  and  into  the  human  organ- 
ism is  mostly  an  active  one,  that  of  internal  parasites  mostly  a passive  one. 
The  most  frequent  and  constant  source  of  the  latter  is  the  accidental  in- 
troduction of  ova  and  the  young. 

Special  attention  is  due  to  self-infection,  e.  g.,  in  Ta  nia  solium  (never  the  case  with 
Tamia  lnediooanellnta),  the  worms  may  directly  change  their  alxxle  from  the  intes- 
tine into  the  stomach,  or  by  entrance  into  the  latter  through  the  mouth. 

The  DISPOSITION  to  HELMINTHIASIS  is  a general  one;  age,  sex,  and  nation- 
ality make  a difference  only  because  of  incidental  circumstances.  The 
frequency  of  worms  is  limited  above  all  by  the  opportunity  of  importation, 
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in  which  custom,  habits,  employment,  and  manner  of  living  exert  an  im- 
portant influence. 

Jews  and  Mohammedans  are  seldom  affected  with  tape- worm,  because  they  do  not 
eat  pork.  Butchers,  cooks,  and  domestics  have  more  frequent  opportunity  for  in- 
fection with  taenia  and  trichina.  Children  and  the  insane  have  thread-worms  and 
round-worms  more  frequently  than  adults.  Uncleanliness  influences  a change  of 
place  less  than  the  fixation  of  the  skin-parasites. 

Thus  is  explained  the  dependence  of  Pertain  forms  of  helminthiasis  upon 
circumstances  of  time  and  place. 

The  thread-worm  comes  under  the  physician’s  care  most  often  in  autumn  ; the 
tape-worm  oftener  in  summer ; the  JUaria  mcdine/im  most  often  during  the  rainy 
season.  Intestinal  worms  are  most  frequent  in  people  living  in  a natural  state  in 
tropical  and  other  countries.  Every  native  Abyssinian,  from  six  or  seven  years  of 
age  has  a tamia.  Most  East-Indian  negroes  and  most  Hindoos  have  thread-worms. 
In  North  Germany,  which  is  noted  for  its  swine  breeding,  tape-worm  is  oftener  found 
than  in  the  South.  Those  Icelanders  who  live  closely  with  their  dogs  often  have  the 
echinococcus. 

The  geographical  distribution  of  animal  parasites  depends  principally  upon  that 
of  the  intermediate  carriers,  from  which  man  receives  these  parasites. 

Animal  parasites  affect  the  human  organism  injuriously  in  a threefold 
manner. 

They  TAKE  MATERIAL  FOR  NOURISHMENT  FROM  THE  ORGANISM — of  itself 
seldom  of  very  considerable  moment.  Skin-parasites  and  tape-worms  seldom 
act  in  this  way,  the  thread-worms  only  by  their  great  numbers;  then 
arise  signs  of  anaemia  and  nervous  symptoms.  But  the  anchylostomum, 
duodencde  causes  through  the  blood  which  it  wants  for  its  nourishment, 
still  more,  however,  through  the  haemorrhage  following  its  bites,  the  so- 
called  Egyptian  chlorosis,  etc. 

Far  more  important  are  the  mechanical  injuries  due  to  parasites. 
Larger  parasites,  as  well  as  numerous  small  ones,  lying  in  heaps,  cause 
pressure  and,  finally,  atrophy  of  the  neighboring  tissues;  thus  cysticerci  in 
several  localities,  e.  //.,  the  brain  and  the  eye,  echinococcus  in  the  liver, 
etc.  ; trichina  in  the  muscles.  In  consequence  of  pressure,  or,  at  the  same 
time,  of  atrophy,  sometimes  no  disturbances  of  function  arise  (e.  (/.,  in  the 
not  too  numerous  cysticerci  and  trichinas  of  the  muscles),  sometimes  those 
arise  which,  with  regard  to  the  position  of  the  affected  part  respecting  the 
whole  organism,  are  of  various  importance  ; by  means  of  cysticerci  in  the 
brain,  sometimes  convulsions,  sometimes  palsies,  sometimes  mental  dis- 
turbances arise  ; through  those  in  the  eye-ball,  blindness;  through  echino- 
coccus of  the  liver,  suppression  of  the  specific  function  of  the  organ ; 
through  large  numbers  of  trichinae  in  the  muscles,  inability  to  move,  etc. 
Farther  on,  there  may  arise  secondary  disturbances  of  the  circulation, 
inflammations  ( e . y.,  of  the  serous  membranes),  pus-formations  in  the 
neighboring  tissues,  ruptures,  sometimes  with  the  contents  passing  into  the 
intestines,  or  outward,  particularly  through  the  abdominal  walls,  etc., 
especially  with  the  echinococcus.  The  parasites  in  the  canals  contract  their 
calibre;  acute  stenosis  of  the  intestinal  canal  may  arise  in  consequence  of 
numerous  coiled  thread-worms ; icterus,  in  consequence  of  the  thread- 
worm in  the  larger  gall-ducts.  They  give  rise  to  catarrh  and  hannorrhage, 
perhaps  even  to  ulceration  of  the  affected  mucous  membrane  (taenia,  thread- 
worms, etc.) ; thereupon  arise  disorders  of  digestion,  with  maladies  both 
local  and  general. 
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Finally,  the  parasites  act  injuriously  by  their  motion  and  migration, 
and  thus  cause  sometimes  pains  of  various  kinds,  such  as  pains  in  the  muscles, 
itching  of  the  skin,  colics,  the  latter  particularly  in  the  fasting  state,  which 
directly  or  by  reflex  action,  may  give  rise  to  farther  trouble  (itch-mite, 
tape -worms,  oxyuris) ; sometimes  perforation  and  rupture  of  the  inhabited 
organs  (echinococcus,  perhaps  also  thread- worms). 

All  these  conditions  are  only  partly  known  with  respect  to  man,  but  are 
well  established  through  experiments  on  animals.  They  are  best  known 
concerning  the  itch-mite  and  trichina. 

The  symptoms  of  parasites  are  in  only  a few  cases  (itch-mite,  trichina) 
so  characteristic,  that  it  is  safe  to  make  a diagnosis  from  them.  In  most 
cases  the  demonstration  must  be  objective,  in  these  it  is  furnished  either 
by  the  examination  of  the  excreta,  especially  of  the  stools,  sometimes  of 
animals  which  have  come  away  entire  (thread  and  round  worms,  trichina), 
sometimes  of  articulations  (tape-worms)  or  ova  (thread  and  round  worms, 
botlirioct'jjhalus  la  tan),  or  by  the  examination  of  the  skin  (itch-mite),  with 
the  assisted  eye  if  necessary,  of  the  eye  (cysticercus),  or  by  examination 
after  previous  operations  for  obtaining  the  parasite  (trichina,  cysticercus), 
or  less  certainly  by  palpitation  and  percussion  (echinococcus). 

(In  the  following  special  consideration  of  parnsities,  use  has  been  made  of  Claus, 
Grdz.  d.  ZooL , 1800,  and  LKUCKART's  work  on  Parasites). 

1.  Protozoa. 

Creatures  of  small  size  and  simple  construction,  without  separate  cellular 
organs  and  tissues,  on  the  limits  of  animal  life,  with  preponderating  asexual 
propagation. 

In  the  most  simple  instance,  the  whole  body  is  a little  mass  of  formless 
albuminoid  substance,  so-called  saiuode,  whose  contractility  is  limited  by 
no  outer  firm  membrane,  which  sometimes  sends  out  easily  fused  projections, 
which  when  formed,  are  drawn  in  again;  sometimes,  with  more  glutinous 
consistency  of  the  parts,  it  sends  out  a number  of  hair-like  radiations  and 
filaments — A mo- ba.  Nourishment  takes  place  by  the  gradual  enfolding  or 
pressing  in  of  foreign  bodies  at  any  point  of  the  periphery. 

1.  Class:  Rhizopoda. 

Protozoa  without  enveloping  membrane,  whose  parenchyma  sends  forth 
processes  (pseudojiodia)  and  draws  them  in;  generally  possessing  a secreti- 
tious  calcareous  covering  or  siliceous  framework. 

Foraminikf.ka. 

Rhizopoda  which  are  partly  naked,  partly  provided  with  shellR  which  consist  almost 
entirely  of  chalk,  and  for  the  most  part  are  pierced  at  the  egress  of  the  pseudopodia 
by  fine  pores. 

A number  of  organisms  belonging  to  this  class  are,  according  to  others,  of  vege- 
table nature — e.  y.  amoeba  diffluent,  arrelUi , difftuyui,  etc. 

2.  Class  : Infusoria. 

Protozoa  of  determined  form  with  an  exterior  ( cuticnla ) covered  with 
cilia,  with  a mouth  and  pulsating  vacuola  (i.  e.,  clear,  mostly  round  cavities, 
filled  with  liquid,  which  contract  and  then  disappear,  hut  gradually  be- 
come visible  again,  and  enlarge  to  their  original  size,  and  which  are  mostly 
connected  with  vessel  like  Income)  ; with  male  and  female  sexual  organs, 
but,  mostly  asexual,  propagating  by  gemmation  and  fission. 
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Family  : IlKTEROTRlCHA.  The  body,  over  its  whole  surface,  is  thickly  covered 
with  cilia,  which  are  often  arranged  in  longitudinal  rows.  Besides  about  the  mouth, 
is  a surrounding  zone  of  stronger  cilia  (Stein). 

Balantidium.  On  the  left  side  of  the  longitudinal  axis  of  the  oval  body  is  a 
buccal  aperture  provided  with  longer  cilia. 

Balantidium  coli,  (malm stem.)  Very  common  parasite  of  the  rectum  of  hogs, 
a few  times  found  in  the  large  intestine  of  man. 

As  PsouosPEKMRE  are  distinguished  four  different  forms  of  animal 
parasites,  which  in  the  body  of  their  host  may,  by  their  enormous  accumu- 
lations, induce  morbid  conditions:  1.  psorospermia*  of  fishes;  2.  tin*  so- 
called  pseudonavicella  of  worms,  etc.  (both  are  pronounced  to  be  the  gran- 
ular germs  of  gregarinw  ; to  us  they  are  of  no  interest) ; 3.  the  so-called 
oval  or  globular  psorospermhe  ; 4.  the  so-called  Miescherian  pouches. 


The  globular  psorospermi®  were  first  found  by  J.  MCli.kr  {Arch.,  1841,  p.  477, 
etc.),  then  by  Hark  (.4  treat,  on  varic .,  ca/nll. , etc.,  183!))  and  N as.sk  (Mull.  Arch., 
1843,  p.  209)  in  the  liver  of  rabbits,  by  Remak  (Diagnost. , etc.,  Voters.,  1847).  in  the 
intestines  of  rabbits.  Lieberkciin  {Alem.  de.  V Acad.  lioyale.  de.  Belg.,  1854),  and 
STIEDA  ( Virch.  Arch.,  18(15.  XXXII..  p.  132)  first  conjectured  their  relation  to  gre- 
garinffi.  Consult  also  Klebs  (lb.,  1859,  XVI.,  p.  188).  Waldknbuuq  (lb..  XL.,  p. 
435)  still  more  positively  fixed  their  character  as  that  of  psorospermhe.  See  also  Vir- 
chow (Arch.  XLlIf.,  j).  548,  etc.).  Wholly  different  view's  are  held  by  Holokf,  II. 
Jones,  Lang  (lb.,  XLIV.,  p.  202).  According  to  Roloke  (Mat.  Centralbl , 1808,  No. 
21,  and  Virch.  Arch.,  XLUI.,  p.  512)  these  and  the  larger  analogous  forms  within  and 
near  the  muscles  of  the  mouth  in  sheep  are  not  psorosperm  pouches,  but  accumula- 
tions of  lymph-corpuscles  These  lymph -corpuscles  wander  out  from  the  perimy- 
sium internum  into  the  muscular  fibres  and.  when  they  have  aggregated  into  masses, 
they  become  surrounded  by  an  enveloping  membrane. 

According  to  Eimer  ( l eb.  d.  Peoroxpe.rmien  v.s.w.,  1870)  psorosperm  iaj  are  not 
granular  germs  of  gregarinaj,  but  gregnrinae  at  rest,  from  which  by  folding  the  pro- 
per psorospermia  arise.  The  sickle-shaped  animalcule,  the  gregarina,  becomes 
within  or  without  the  mother-vesicle,  an  amoeboid  cell.  The  latter  grows,  free  or 
within  an  epithelial  cell,  and  finally  become  a so-called  naked  psorosperm.  *.  «. . a 
round  or  oval  granular  body  with  or  without  nucleus.  It  becomes  eneapsuled  ; with- 
in the  transparent  capsule,  there  appears  yet  a second  sheath.  The  capsular  content 
contracts  into  a small  globule,  which  divides  into  small  furrowed  globules.  From 
these  arise  the  young  gregarinaj.  The  capsules  burst,  and  the  gregarinaj  become 
free.  Gregarinaj  or  amuebae  arising  therefrom  frequently  enter  the  epithelial  cells 
of  the  intestines,  there  to  develop,  and  thence  to  pass  into  other  parts  of  the  body, 
especially  the  liver.  See  also  ItivOLT.v  ( ft.  medico  vettrin. , March,  18(19). 

In  man  psorospermi®  have  been  found  in  the  intestines  by  K.iellberg  ( Virchow 
Arch.,  XVIII.,  p.  527)  and  Eimek,  in  the  liver  by  Gubler  (Gaz.  mid.,  1858,  p.  957), 
Drksslek  (Leuckart,  Die  menschl.  Paras.  I.,  p.  740),  in  the  kidneys  and  in  the 
urine  by  Lindemann  (Leuckart.  lb. , p.  741.) 

The  so  called  Miesciikr’s  pouches  or  Rainey's  corpuscles  in  the  muscles  of  hogs, 
etc.,  consist  of  a dark  granular  mass,  1 mm.  and  more  in  size,  of  ov.al  form,  which, 
surrounded  by  a transparent  capsule,  appears  imbedded  within  a primitive  muscle- 
bundle,  and  gives  rise  to  a slight  oval  protrusion.  They  sometimes  look  like  trichina 
Capsules,  but  never  contain  a worm. 

Flagkllat.E.  Organisms  without  a mouth,  similar  to  tho  infusoria,  whose  motor 
organs  are  formed  of  many  lash-like  cilia,  rarely,  at  the  same  time,  by  a tempo- 
rary series  of  cilia. 

Fam.  MoNADINA.  With  round  or  oval  transparent  bodies,  devoid  of  distinct  organ- 
ization, with  a single  or  only  a few  glittering,  whip-like  hairs  on  the  anterior  ex- 
tremity. 

Cercomonas,  (Dujardin.)  With  a caudal  filament,  and,  for  the  most  part,  with 
a single  long  and  thin  lash. 

Cercomonas  jntestinalis,  (Lambl.)  Found  by  Dujardin  and  others  in  the 
stools  of  typhoid  fever  and  cholera,  by  Lambl  on  the  catarrhal  mucous  membrane 
of  children. 

Cercomonas  URINAUIUS,  (HASSAL. ) In  the  urine  in  cholera,  in  alkaline,  albu- 
minous urine. 
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Cf.RCOMOKAS  SALTANS.  (Eiirenbeiig.  ) Observed  by  Wf.DI.  on  the  dirty  surface 
of  ulcers. 

Trichomonas,  (Donn£.)  Differs  from  Cercomonas  in  having  some  short  cilia,  one, 
two,  or  three  near  the  anterior  lash. 

Trichomonas  vaginalis,  (Donnk.)  Very  common  in  blenorrhuea  of  the  vagina, 
especially  in  the  yellowish,  strongly  acid  vaginal  mucus. 

II.  Vermes,  worms. 

Laterally  symmetrical  animals,  with  non-articulated  bodies,  composed  of 
curved,  or.  homogeneous  segments  without  articulate  appendages  (limbs). 
The  embryo  is  generally  formed  by  a transformation  of  the.  whole  yolk, 
without  previous  primitive  folds. 

The  skin  consists  of  a layer  of  cells  and  mostly  of  a superficial  homoge- 
neous ehitin  layer,  which  constitutes  one  of  the  secretitious  variously  strong 
cuticula.  The  derma,  through  the  attachment  of  the  longitudinal,  and  often 
also  of  the  transverse  muscles,  becomes  a cutaneous  muscular  pouch,  the  most 
imjssrtant  organ  of  motion.  Often  there  is  an  entire  absence  of  append- 
ages. When  they  exist,  they  consist  either  of  apparatus  of  prehension 
(suckers  and  siliceous  hooks),  or  bristly  tufts.  Sometimes  gills  an?  found, 
without  which  respiration  is  carried  on  by  means  of  the  skin.  Their  abode 
is  in  water  or  in  moist  localities ; their  motion  is  generally  slow.  Be- 
sides worms  without  intestinal  canal,  blood,  and  nervous  systems,  there  are 
found  others  which  possess  these  apparatus  in  highest  perfection.  The  or- 
gan of  excretion  is  the  so-called  water-vessel  system,  i.  e.,  a symmetrically 
divided  canal  of  finer  or  coarser  caliber,  filled  with  a watery,  sometimes 
granular  liquid,  and  terminating  externally  by  a single  or  multiple  orifice. 
For  the  most  part  the  very  important  organs  of  generation,  male  and  fe- 
male, are  separate  in  different  individuals;  sometimes  they  are  united  in 
the  same  body.  Their  development  is,  as  a rule,  connected  with  a meta- 
morphosis. To  worms  belong  the  most  numerous  and  most  dangerous  of 
human  parasites.  They  live  exclusively  in  the  internal  organs. 

1.  Class:  Platodes,  Platyelmia,  Flat  Worms. 

\\  onus  with  bodies  more  or  less  flattened,  whose  appendages,  when  pres- 
ent, consist  mostly  of  suckers  and  hooks.  They  an?  mostly  hermaphro- 
dite. Nearly  always,  at  least  temporarily,  parasitic.  Many  are  without 
month,  intestines,  and  anus,  so  that  the  nourishment  is  taken  up  through 
the  surface  of  the  body. 

First  Order:  Cestodes,  Tape-worms. 

Long,  articulated,  flat  worms  without  mouth  and  intestinal  canal,  with 
organs  for  prehension  on  the  anterior  extremity. 

1 he  anterior  part  lessens  in  size  and  presents  a button-like  or  globular 
swelling,  the  so-called  tape-worm  head,  which,  in  different  ways,  bears  vari- 
ous organs  of  prehension.  'The  thinner  portion  of  the  body  immediately 
l*ehind  thf?  bead,  the  so-called  neck,  shows  generally  at  some  distance  from  the 
head  the  first  marks  of  an  articulation.  The  first  yet  indistinct  rings,  far- 
ther on  shorten  and  constitute  the  joints,  then,  in  continuous  succession 
these  lengthen  and  broaden,  and  at  a greater  distance  from  the  head  be- 
come sharply  defined  and  distinct  from  one  another.  At  the  posterior 
extremity  the  articulations  reach  their  greatest  circumference,  often  sepa- 
rate from  the  body  of  the  worm,  and  live  a long  time  independently  as 
isolated  so-called  prooi.ottides.  The  tape-worm  is  also  looked  upon  as  a 
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chain  of  animals,  consisting  of  the  articulations,  the  proglottides,  the 
individual,  and  the  sexual  animal.  These  develop  by  means  of  alternate 
generation  by  a process  of  budding,  on  the  pear-shaped  parent,  the  head 
(SiOLEX),  and  hang  thereon  together  to  form  a long  and  ribband-like 
colony  (commonly  called  tape- worm).  The  parenchyma  of  the  body,  en- 
closed by  a tender  skin  and  subcutaneous  muscles,  is  a cellular  connective 
tissue,  which,  in  its  periphery,  especially  on  the  head,  incloses  small 
chalky  concretions,  in  all  parts,  the  ramifications  of  water-vessel  system, 
and  in  the  central  parts,  the  sexual  organs.  Organs  of  sense  are  wanting. 
Likewise  is  there  no  digestive  canal:  the  nutritive  liquid  ready  for  absorb- 
tion  enters  by  emlosmosis  directly  into  the  parenchyma  of  the  body  through 
the  whole  outer  surface.  The  water-vessel  system,  passing  through  the 
whole  length  of  the  body,  serves  as  the  apparatus  for  excretion.  There  are 
at  most  two  or  four  longitudinal  canals,  laterally  situated,  which,  in  the 
head,  communicate  with  one  another  by  transverse  loops;  also  in  the  single 
articulations  transverse  anastomoses  exist,  and  they  empty  their  contents 
through  a pore  in  the  end  segment.  Every  segment  of  a tape-worm  has 
its  special  male  and  female  organs  of  generation.  The  male  portion  consists 
of  numerous  pear-shaped  testicular  papilla)  whose  pedicles  lead  into  a com- 
mon secretory  duct.  The  winding  end  of  this  lies  in  a muscular  sac  ( cirrus - 
beutel),  and  may  project  out  of  it  as  a curl  through  the  opening  of  the 
generative  organs.  The  female  genitals  consist  of  an  ovary,  uterus,  semi- 
nal vesicle  and  vagina,  which  last,  for  the  most  part,  beneath  the  opening 
of  the  male  organs,  usually  empties  exteriorly  in  a common  drain.  With 
the  great  increase  of  the  articulations  and  their  distance  from  the  head, 
the  perfection  of  the  sexual  apparatus  increases  gradually  from  the  anterior 
to  the  posterior  extremity  of  the  worm.  The  posterior  segments  ripe  for 
separation  are  the  tirst  to  perfect  their  whole  sexual  development.  All 
tape-worms  are  oviparous ; but  the  embryo  is  often  developed  in  the  egg 
within  the  uterus. 

Human  tape-worms  exhibit  a complicated  metamorphosis  connected  with 
alternate  generation.  Generally  the  ova  with  the  proglottides  leave  the  in- 
testines of  the  tape-worm  bearer  (man),  and  are  present  on  manure,  plants, 
in  water,  etc.,  and  are  thence  passively  conveyed  with  the  food  into  the 
stomach  of  an  animal,  rarely  of  man.  After  the  sac  of  the  ova  has 
been  destroyed  in  the  new  abode  by  the  operation  of  the  juices  of  the 
stomach,  the  embryos  become  free  in  the  stomach,  and  by  means  of  their  four 
or  six  movable  booklets  bore  through  into  the  vessels  ot  the  stomach  and 
intestine.  Here  they  are  driven  along  by  the  blood-current  and  deposited 
in  the  capillaries  of  the  most  various  organs  (liver,  muscles,  brain,  etc.). 
After  the  loss  of  the  booklets,  the  embryos,  mostly  encapsulated  in  a cyst  of 
connective  tissue,  grow  into  larger  vesicles,  which  consist  ot  an  external 
contractile  parenchyma  and  watery  contents.  The  vesicle  gradually  be- 
comes the  cyst-worm.  From  its  covering  one  ( cysticercus ),  or  several 
(echinococcus)  nodular  depressions  grow  into  the  interior,  on  the  bottom  of 
which  is  supported  the  armament  of  the  tape-worm’s  head,  in  form  ot 
suckers  and  wreaths  of  hooks.  These  depressed  nodules  turn  outward,  so 
that  they  appear  as  external  appendages  of  the  cyst,  presenting  the  form 
and  size  of  the  tape-worm’s  head  with  more  or  less  developed  neck.  It  is 
necessary  for  the  cyst-worm  to  enter  the  intestinal  canal  of  a new  animal 
(e.  </.  of  inan),  to  allow  the  head,  after  its  separation  from  the  wall  of  the  cyst- 
body,  to  assume  the  condition  of  a sex  ualiy-mature  tape-worm.  This  trans- 
portation is  passive  throughout,  effected  by  means  of  the  food,  especially  by 
the  use  of  measled  meat.  The  cyst  is  digested  in  the  stomach,  and  the  head 
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of  the  tape-worm  is  set  free  as  a scolex ; the  latter  enters  the  small  intestines, 
fastens  itself  by  means  of  its  prehensile  apparatus  to  the  intestinal  wall, 
and  develops  by  gradual  formation  of  segments  into  the  body  of  a tape- 
worm. 

All  tape-worms  inhabit  the  small  intestines,  while  the  cyst-worms  may 
dwell  in  the  most  various  organs. 

FAM.  : T.EXIAILF.. 

The  pear-shaped  or  conoidal  head  bears  four  round  suckers  with  powerful 
muscular  apparatus.  Between  the  suckers  is  commonly  placed  on  the  ad- 
vanced median  portion  of  the  head  the  rostellum , a single  or  manifold  wreath 
of  claw-shaped  hooks,  for  whose  special  motion  a muscular  apparatus  is  pro- 
vided. Two  sexual  openings,  one  male  and  one  female,  which  latter  serves 
only  for  coition.  The  ova  can  become  free  only  through  the  proglottides, 
since  the  uterus  has  no  special  oj>ening.  The  proglottides  are  distinctly 
separate  from  one  another,  in  the  perfected  state  for  the  most  part  longer 
than  broad,  and  are  commonly  provided  with  sexual  openings  upon  the  bor- 
der. 


A.  VESICULAR  TAPE-WORMS  : — CYST  1C. E. 

Moat  are  of  considerable  size.  The  head  only  rarely  unarmed  (taenia 
mediocanellata)  otherwise  provided  with  a lenticular,  slightly  prominent 
roatellum  and  a circle  of  hooks.  Besides  the  claws,  the  hooks  have  two 
strong  projections  from  the  roots,  the  shorter  one  anterior,  the  longer 
posterior.  The  proglottides  are  in  the  perfect  state,  elongated  oval. 
Tbe  middle  stem  of  the  uterus  gives  off  & number  of  ramifying  side-branches. 
The  openings  of  the  sexual  apjairatus  are  on  the  border,  regularly  alternate, 
sometimes  to  the  right,  sometimes  to  the  left.  The  ova  have  a firm  and 
brown  shell.  The  embryonal  hooks  ate  short  and  thin. 

a.  vesicular  tape-worms,  whose  heads  are  formed  in  the  embryonal 
state  (Subgen.  CyxtoUrma^ — Lkui  kart). 

T.ENTA  SOLIUM,  (l.INN.) 

Inhabits  the  small  intestines.  Occurs  more  often,  singly;  less  frequently, 
several  are  together ; very  rarely,  numbering  from  ten  to  forty  and  over. 
In  the  developed  state  is  usually  from  two  to  three  metres  long,  and  its 
proglottides  10  mm.  long,  and  (5  mm.  broad.  The  head  is  of  the  size  of 
the  head  of  a pin  and  globular,  with  tolerably  prominent  suckers.  The 
vertex  is  not  infrequently  pigmented  black,  and  bears  a moderately  large 
rostellum  with  about  twenty-six  hooks.  Beyond  the  head  follows  a neck, 
almost  an  inch  long,  filamentous  and  finely  articulate.  In  the  beginning 
the  articulations  are  short,  but  their  length  gradually  increases,  so  slowly 
however,  that  they  first  assume  the  quadratic  form  at  a distance  of  one 
metre  behind  the  head.  Not  far  beyond  begin  the  mature  articulations.  The 
mature  proglottides  which  come  off  only  with  the  excrement,  at,  first 
in  about  three  to  three  and  a half  months  after  infection  (in  different  per- 
sons, in  irregular  numbers  and  times),  are  longer  than  broad,  with  rounded 
corners,  like  pumpkin  seeds.  Tbe  openings  for  the  sexual  organs  lie  behind 
the  middle.  The  uterus  possesses  from  seven  to  ten  side  branches  which 
divide  into  a varying  number  of  deutated  branches.  The  ova  are  nearly 
round  and  have  a thick  shell. 

I be  cyst-worm  ( cyaticerrcus  cellulosat)  belonging  to  this  species  has  an 
especial  preference  for  the  muscles  of  tbe  hog,  but  is  found  also  in  other 
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places  and  in  other  animals,  seldom  in  the  ape,  dog,  deer,  rat,  etc.  In  man  it 
is  found  most  frequently  in  the  intermuscular  and  subcutaneous  connective 
tissue,  and  in  the  brain,  more  rarely  in  the  eye,  heart,  lungs,  liver,  kidneys, 
meninges  of  the  brain,  and  lymphatic  glands,  very  rarely  in  the  spleen  and 
bones.  Its  occurrence  in  animals  is  usually  in  masses,  in  man  it  is  found 
sometimes  single ; sometimes  several  are  found,  rarely  in  vast  numbers. 
The  tail-cyst  has  an  irregular,  moderate  size,  and  in  the  muscles,  a trans- 
versely elliptical  form  with  the  longest  diameter  in  the  direction  of  the 
course  of  the  fibres ; in  soft  organs  (eye-chambers,  vitreous,  ventricles  of 
the  brain)  it  is  round.  The  full  development  of  the  parasite  continues 
two  and  a half  months  ; its  life,  from  three  to  six  years. 

The  derivation  of  taenia  solium  from  the  common  measle-parasite  of  swine  follows 
not  only  from  the  entire  agreement  in  the  formation  of  the  head  and  form  of  the 
hooks,  blit  is  also  exprrimentally  proven,  by  the  development  of  the  cysticercvs  cellu- 
loses out  of  the  ova  of  t.  sol.  ; also,  by  the  growth  of  the  tape-worm  in  the  intestinal 
canal  of  man,  from  the  cystic,  call.  (Kuchknmeistkr). 

Once  I found  cysticerci  in  large  numbers,  in  the  earlier  stages  of  development,  in 
the  liver  of  a tuberculous  man  110  years  old. 

T/F.NIA  MEDIOCANELLATA,  (Kt)eiIENMEI8TER.) 

Surpasses  the  tienia  solium,  not  only  in  length  (by  one  meter),  but  also 
in  breadth  and  thickness,  as  well  as  in  the  size  of  the  proglottides.  Par- 
ticularly striking  is  the  breadth  of  the  immature  segments,  which  some- 
times reaches  from  12  to  14  mm.,  and,  behind  the  head,  they  rarely 
diminish  so  preceptibly  as  in  t.  sol.  The  length  of  the  segments  increases 
much  more  slowly  than  in  the  latter.  The  head,  of  considerable  size,  is 
without  a circle  of  hooks  and  rostellum,  with  a Hat  vertex,  and  four  large, 
extremely  powerful  suckers,  which  are  usually  surrounded  by  a border  of 
black  pigment.  The  complete  development  of  the  sexual  organs  is  found 
as  in  t.  sol.,  near  the  450th  segment,  while  the  proglottides  reach  maturity 
in  only  from  300  to  400  segments  farther.  The  ova  have  a thick  shell  and 
are  mostly  oval.  The  uterus  is  characterized  by  the  number  (20-35)  of  its 
lateral  branches,  which  lie  close  by  the  side  of  one  another,  and  instead  of 
by  dendritic  branching,  they  are  known  by  their  dichotomous  division. 
If,  as  here  very  often  happens,  the  segments  come  away  spontaneously,  they 
are  usually  without  ova  and  shrunken,  but  still  always  of  considerable  size 
and  thickness. 

The  cyst-worm  of  this  species  inhabits  the  muscles,  especially  also  the 
heart  and  internal  organs  of  cattle ; it  is  similar  to  the  measles  of  swine, 
but  smaller  and  without  circles  of  hooks.  It  does  not  yet  appear  to  have 
been  found  in  man. 

TASNIA  (CYSTICEKCUS)  ACANTIIOTIUA8,  (WKINL‘ND.) 

The  vesicles  of  this  tape-worm,  which  have  hitherto  alone  been  known,  live  like 
the  cysticercus  cellulosm,  which  it  closely  resembles,  in  the  muscles,  subcutaneous 
connective  tissue,  and  brain  of  man.  The  hook- apparatus  consists  of  a triple  circle 
of  quite  slender  claws. 

t/enia  MARGINATA,  (BATscn) : from  cyst,  tcnuicolli. 

The  mature  tseniao,  which  are  found  in  the  dog  and  wolf,  bear  a resemblance  to 
tamia  solium.  The  larva  (cyst,  tenuicollis)  abides  especially  in  the  omentum,  less 
frequently  in  the  liver  of  the  ruminants  and  swine,  and  occasionally  in  that  of  man 
{ cystic . viscera lis  of  authors).  It  is  oval,  and  of  considerable  size.  In  the  fully 
grown  larva,  one  extremity  of  the  vesicle  is  drawn  out  into  a neck-like  process  of 
greater  or  less  length,  which  process  contains  a solid  tape-worm,  and  surrounds  it 
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like  a sheath,  when  both  are  drawn  into  the  interior  of  the  vesicle.  The  posterior 
extremity  grows  riband-like,  and  hangs  loose  in  the  vesicle. 

b.  Cyst-tape-worms,  whose  heads  bud  forth  from  the  embryonic  capsules 
attached  to  the  inner  surface  of  the  vesicle. 


TENIA  ECHINOCOCCUS,  (v.  SIEBOI.D.) 

The  worm,  three  to  four  mm.  long,  consists  of  only  three  or  four  seg- 
ments, the  last  of  which,  at  maturity,  exceeds  in  bulk  the  whole  remaining 
body.  The  thirty  or  forty  booklets  have  coarse  processes  at  their  base,  and 
are  placed  on  a tolerably  prominent  rostellum.  It  lives  in  numbers  in  the 
intestinal  canal  of  the  dog  (not  in  man). 

The  young  state  of  this  tamia,  the  so-called  echinococcus,  forms  a very 
considerable,  almost  motionless  vesicle,  which  consists  of  a laminated  cuticle, 
and  of  the  underlying  cellular  parenchymatous  layer,  upon  the  inner  surface 
of  which  numerous  little  heads  bud  forth  in  vesicles  of.  the  size  of  a millet 
seed.  Not  infrequently  the  vesicles  increase  by  a budding  process,  out- 
ward or  inward,  thus  being  transformed  into  a compound  system  of  larger 
and  smaller  vesicles  inclosed  one  " ithin  the  other  (daughter,  grand- 
daughter- etc.,  vesicles),  all  of  which  in  turn  give  rise  to  a head.  In  this 
form  the  vesicles  are  found  in  man  and  cattle  (so-called  echinoc.  funnini s,  s. 
altricipariens,  8.  enrfogenus,  a.  hydatidcmis  of  the  authors),  while  the  remain- 
ing ruminants,  swine  and  apes,  for  the  most  part  harbor  single  vesicles,  or 
those  which  increase  exogenously  (so-called  echinoc.  veterinonim , s.  exo- 
genus, s.  granulosus,  s.  scolicipariens  of  the  authors).  The  favorite  abode 
of  the  echinococcus  is  the  liver  in  man,  yet  it  is  occasionally  found  in 
almost  every  organ  (subcutaneous  cellular  tissue,  muscles,  peritoneum,  kid- 
neys, luugs,  spleen,  nerve-centres,  bones,  heart,  orbit  and  eye,  thyroid,  etc.). 
The  echinoc.  gramulosus  is  found  most  often  in  the  epiploon,  in  the  parietal 
layer  of  the  peiitoneum  and  in  the  bones,  less  often  in  the  liver,  spleen, 
lungs,  etc.  ; the  echinoc.  hydathlosu* , preferably  in  the  liver,  spleen,  lungs, 
and  subcutaneous  cellular  tissue;  sometimes  two  forms  occur  in  the  same 
body  and  even  closely  united — generally  a single  echinococcus  only  is 
found;  many  occur  in  various  organs,  the  liver,  however,  being  usually  the 
principal  habitat. 


According  to  Lkcckart,  the  distinction  between  eehinoeoemts  aHrieijmrien*  and  e. 
scolicipnriens  is  inadmissible,  since  both  come  from  t<rnui  eMnoeoeeu * (Krabuk's 
Erfahrungen  aus  Island;  Naunyn’s  Experiments.  Arch.  / A not.  Phm  v.  iri **  Med. 
18ti2). 

I he  eehinococcus  of  the  liver  occupies  any  part  of  the  organ.  In  half  of  the  oases 
of  echinococcus  of  the  liver  which  I have  seen,  it  had  become  effete  in  various  stages. 
1 " ice  in  the  greater  omentum  I found  movable  echinococci,  and  on  all  the  surfaces 
Iwtween  the  layers,  shifting  effete  echinoc..  of  the  size  of  a cherry.  Consult  also 
\ ie ur el,  l tb.  d.  York.  t>.  Echinoc.  im  Knoehen-syntem  dee  Men*chen.  Breslau, 
1872. 

The  growth  of  the  echinococcus  is  mostly  a slow  one,  continuing,  not  infrequently, 
for  ten  years,  as  has  been  determined  by  experiment,  from  the  diagnosis  of  accessi- 
ble echinococci  of  internal  organs,  as  well  as  especially  from  their  presence  in  the 
suU'utaneous  cellular  tissue.  An  echinoroecu*  hydntuiosim.  nearly  os  large  as  a child’s 
bead  at  the  time  of  operation,  situated  subcutaneously  between  the  crest  of  the  ilium 
and  ribs  of  a man  forty-one  years  old.  had  been  observed  in  his  twelfth  year  having 
the  size  of  a musket-ball.  The  growth  was  somewhat  quicker  in  another  similar 
case. 

While  the  above-mentioned  forms  of  echinococcus  always  represent  a vesicular 
b<>dy  of  considerable  size,  the  so-called  mnltilocular  echinococcus  (VlBCRoW)  is 
always  small,  of  the  size  of  a millet-seed,  or,  at  the  most,  of  a pea.  Observed  from 
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the  earliest  period  of  its  development,  it  is  never  found  to  form  a single  vesicle,  but 
only  a group  of  little  vesicles,  which,  larger  and  smaller  intermixed,  lie  close  to  one 
another  in  considerable  numbers,  the  smallest  portion  forming  heads,  and  are  em- 
bedded in  a common  stroma.  It  has  hitherto  been  observed  only  in  the  liver,  where 
*it  for  the  most  part  forms  a round,  firm  body  from  the  size  of  the  fist  to  that  of  a 
child’s  head,  which  is  quite  easily  deprived  of  its  covering,  resembles  many  colloid 
tumors  combined,  and,  on  this  account,  was  formerly  regarded  as  alveolar  This 
echinococcus  shows  in  section,  many  small,  mostly  irregular  cavities,  separated  from 
one  another  by  a more  or  less  thick  quantity  of  connective  tissue,  which  cavities 
enclose  a tolerably  transparent  gelatiniform  contents.  The  substance  of  the  liver  has 
there  entirely  disappeared.  The  multilocular  echinococcus  in  particular  h:is  a great 
disposition  to  central  ulceration. 

Hu  he  it  ( Virch.  Arch .,  1(572,  LIV.  p.  2(59)  saw  a multilocular  echinococcus  of  the 
right  supra-renal  capsule. 

is.  common  tape- worms  : — Cystoideaj. 

These  represent,  in  their  early  state,  no  peculiar  larvae.  In  the  larval 
state  (cysticercoidac)  they  occur  only  in  the  cold-blooded  animals,  especially  in- 
vertebrates. (Thus  e.  (/.  the  cysticercoid  of  tcenia  eMiptica , s.  cucumerina 
of  the  dog  live  in  tho  lice  which  infest  dogs  : the  dog  infects  himself  by 
eating  these  lice.)  With  respect  to  the  tape-worms  themselves,  the  small 
size  of  the  head  and  the  imperfect  development  of  the  hook-apparatus  are 
especially  deserving  of  notice.  Clinically,  they  are  of  less  importance  than 
the  cyst-tape-worms. 

A.  The  prominence  on  the  head  is  supplied  with  a single  circle  of  small  hooks. 
The  genital  pores  are  unilateral ; there  is  a small  number  of  vesicular  testicles  and  a 
large  receptaoulum  on  the  short  vagina.  Vas  deferens  without  coils.  Uterus  large, 
extending  through  the  whole  joint.  The  ova  show  two  smooth  shells,  and  contain  an 
embryo  with  large  hooks. 

T.'ENIA  NANA,  (V.  BIEBOLD.) 

Small,  about  2.5  cent,  long,  0.5  mm.  broad.  The  body  anteriorly,  filamentous, 
but  becomes  quickly  larger  near  the  middle.  Consists  of  a head  and  about  one  hun- 
dred segments,  the  last  of  which  contain  twenty  to  thirty  mature  ova.  Once  found 
by  lin.UARZ  in  the  duodenum  of  a boy. 

T.ENIA  FLAVO-PUNCTATA,  (WEINLAND.) 

Is  cent.  long.  The  anterior  half  consists  of  immature  joints,  0.2  to  0.5  mm.  long 
and  1 nun.  broad,  which  show  behind  the  middle  a quite  large  yellow  spot,  the  rccep- 
taculum  filled  with  sperm.  In  the  remaining  half  the  joints  grow  to  the  length  of 
1 mm.  and  breadth  of  2 nun.,  are  without  yellow  spots,  but  through  the  moderate 
development  of  the  ova  they  are  brownish-gray.  The  mature  joints  are  trapezoidal, 
sometimes  almost  triangular.  Head,  unknown.  Found  once  by  \\  kin  land  in  a 
child  nineteen  months  old. 

B.  The  club-shaped  papilla  is  provided  with  a multiple  circle  of  small  hooks, 
with  a disk-shaped  base.  Two  genital  pores,  opposite  to  each  other,  open  into  a 
male  and  a female  duct,  the  latter  of  which,  besides  a receptaoulum,  possesses  sev- 
eral germ -forming  organs. 

TAENIA  BliEIFTrCA,  (BATBCH.  ) 

Usually  iu  dogs  and  cats.  In  the  mature  state,  150  to  200  mm.  long  and,  behind, 
1 5 to  2 mm.  broad.  The  anterior  extremity  of  the  body  is  thin,  filamentous,  with  a 
thick  head  The  first  forty  joints  are  short ; thereafter  they  stretch  out  so  that  the  last 
are  three  or  four  times  longer  than  broad,  and  are  so  nearly  isolated  from  one  another 
that  the  worm  behind  resembles  a chain.  The  most  mature  joints  have  a reddish 
color  from  the  ova. 

EAM.  : BOTHRIOCEPHAL1D/E. 

Head  flattened ; its  surface  perpendicular  to  the  surfaces  of  the  series ; pro- 
vided on  its  borders  with  two  deep  fissure-like  suckers.  Articulation  oi  the 


COMMON  TAPE-WORMS. 


U9 


body  only  imperfectly  marked.  Proglottides  mostly  broader  than  long. 
Three  genital  openings  : one  male  and  two  female  (i.  e.,  one  opening  of  the 
vagina  and  one  of  the  uterus),  on  the  middle  line  of  the  abdominal  surface 
of  the  articulation.  The  hard  shell,  already  provided  before  the  commence- 
ment of  the  formation  of  the  embryo,  is  provided  with  a lid  so  that  the 
four  or  six-hooked  embryo  may  come  out  independently,  and  iloat  about 
free  for  a long  time  with  the  help  of  a ciliary  covering. 

BOTHRXOC'EPJf AI.U8,  (BREMSEB.) 

With  a long-jointed  body  and  hookless  head.  The  genital  pores  are  on 
the  surface  of  the  joints,  over  the  uterus,  near  their  anterior  extremity. 
The  mature  uterus  lias  the  form  of  a rosette. 

BOTHRIOCEPHALUS  I.ATU8,  (bkeMSEK.) 

The  most  considerable  human  tnj>e-worm,  which  sometimes  is  from  5 to 
8 metres  in  length,  and  then  consists  of  from  three  thousand  to  four  thou- 
sand short  and  broad  joints.  The  length  of  the  joints,  with  the  exception 
of  the  last,  is  seldom  more  than  3.5  mm.,  while  the  breadth  at  the  middle 
gradually  increases  to  10  or  12  mm.  In  the  latter  half  the  breadth  dimin- 
ishes, while  the  length  increases,  so  that  the  last  joints  are  nearly 
square.  Here  the  body  is  thin  and  Hat,  like  a riband,  especially  on  the 
sides,  while  the  central  part  of  the  single  joints  stand  out  in  the  form  of 
an  elongated  roll.  The  anterior  end  grows  smaller  and  smaller  until  it  at 
last  becomes  thread-like  (0.6  mm.),  so  that  the  head,  2.5  mm.  long  and  1 
mm.  broad,  terminates  in  form  of  an  oval  swelling.  The  first  mature  ova 
are  found  at  a distance  of  500  mm.  behind  the  head.  The  proglottides  are 
not  passed  away  singly,  but  in  lengths  (from  2 to  4 feet),  especially  in 
February,  March,  October,  and  November.  However,  at  every  stool  the 
characteristic  ova  of  the  taj>e-wonn  pass  away  : these  are  ovai  ; their  shells, 
transparent,  colorless  and  single.  The  ova  have  a lid  at  one  pole  of  each 
ovum,  through  which,  when  it  is  opened,  the  embryo  slips  out  into  the 
water.  At  the  time  of  coming  away,  they  are  always  in  that  stage  of  de- 
velopment represented  by  folds  of  the  yolk.  The  six-hooked  embryo,  which 
is  embedded  in  an  outer  ciliated  membrane,  is  first  developed  several 
months  after  the  ova  have  been  passed  from  the  intestines,  and,  indeed,  in 
fresh  water  (£.  e.,  river  or  sea-water).  It  differs  from  that  of  the  Ta  nia*  by 
its  globular  form,  and  by  a firm  membrane  provided  with  thick  cilia. 

The  bothr.  In  tux  is  found  only  in  the  western  cantons  of  Switzerland  and 
the  adjacent  districts  of  France,  in  the  north-western  and  northern  provinces 
ol  Russia,  in  Sweden  and  Poland,  less  frequently  in  Holland  and  Belgium, 
in  single  districts  of  eastern  Prussia  and  Pomerania,  Rhenish  Hesse,  indi- 
genous also  in  Hamburg,  Berlin,  Loudon,  etc.  All  these  countries  and 
localities  are  characterized  by  bodies  of  water ; they  ure  either  bounded  by 
coasts,  or  low  couutries  with  larger  seas  and  rivers. 


According  to  Knock  ( Vireh.  Arch.,  XXIV.  p.  453)  the  embryos  of  the  bothr.  latm 
an*  developed  from  ova  in  fresh  water,  in  which  also  they  travel.  In  river  water, 
which  especially  in  the  western  provinces  and  cities  of  Russia  is  used  for  drink,  they 
are  conveyed  into  the  intestinal  canal  of  man  male,  and  arc  then,  after  some  time, 
developed  into  sexually  mature  tape- worms.  The  feeding  of  various  fishes  with  the 
ova  of  the  bothr.  bit.  have  determined  nothing  with  certainty  respecting  its  scolcx. 
While  the  embryos  of  ttrnur  become  the  sexually  mature  tape-worm  only  after  passing 
through  the  ststge  of  vesicle,  the  embryo  of  the  bothr.  is  transformed  in  the  intestine 
into  the  sexually  mature  animal  without  the  preceding  vesicular  state.  There  is 
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therefore  no  doubt  that  the  broad  tape-worm  is  conveyed  to  man  by  drinking-water 
and  for  the  moat  part  in  the  form  of  an  embryo. 

botiih  rocEPUAiiUs  conn  at  ns,  (leuckart.) 

Not  unlike  the  b.  lntust in  the  formation  of  its  joints,  but  much  smaller.  The 
head,  short  and  broad,  heart-shaped,  with  level  mouths.  The  broad  body,  with  its 
segments,  follows  immediately,  which  increases  so  quickly  that  the  anterior  part  of 
the  body  assumes  the  shape  of  a lancet.  The  mature  segments  are  from  three  to 
four  mm.  long ; the  last  larger  and  almost  square.  It  is  found  in  northern  Greenland. 

Second  Order  : 'J’rematodes,  Sucker-worms. 

Parasitic  solitary  flat- worms,  with  inarticulate  leaf-shaped  bodies ; with 
mouth,  and  bifurcated  intestinal  canal  without  anus;  with  abdominal  pre- 
hensile apparatus. 

With  respect  to  the  basis  substance,  the  skin  and  muscular  apparatus 
have  the  same  relations  as  in  the  tape-worm.  On  the  anterior  pole  of  the 
body  is  the  mouth,  for  the  most  part  at  the  bottom  of  a sucker.  This  leads 
into  a muscular  pharynx  and  (esophagus,  which  is  continued  into  the  always 
blind  intestine.  The  excretory  apparatus  consists  of  a network  of  fine 
vessels,  and  two  larger  lateral  branches  discharging  on  the  posterior  pole. 
They  contain  a liquid  with  granular  concretions.  The  organs  of  prehension 
vary  with  the  manner  of  life,  etc.  Male  and  female  organs  are  mostly 
united  in  the  body  of  the  same  individual.  Their  pores  open  near  the 
middle  line  of  the  forepart  of  the  surface  of  the  abdomen.  In  the  ovaries 
the  ova  accumulate  in  great  numbers  and  complete  the  stages  of  embryo- 
formation.  All  trematodes  discharge  their  ova.  The  young  having  escaped, 
in  the  distomata  go  through  a complicated  alternate  generation  connected 
with  metamorphosis.  The  small  contractile,  naked  or  ciliated  embryos  slip 
out  of  the  ova  which  have  reached  water,  and,  wandering  independently, 
seek  a new  animal  habitat,  mostly  snails.  They  pierce  into  their  interior, 
lose  their  cilia,  and  then  develop  into  germ-cysts.  These  are  the  parents  of 
the  cercari.e,  which  are  provided  with  a rudder-like  tail,  and  having 
escaped  from  the  parent  cyst  and  its  habitat,  move  about  free  by  creeping 
or  swimming  in  water.  They  then  enter  a new  aquatic  animal  (snails, 
worms,  crabs,  fish),  into  the  tissues  of  which  they  pierce  their  way,  and 
after  the  loss  of  the  tail,  form  about  themselves  a cyst.  Thus  have  the 
encysted,  young,  sexless  distomata  arisen  from  the  cercarue ; the  former 
received  with  the  flesh  of  their  supporters  into  the  stomach,  and  thence, 
freed  from  their  cyst,  they  enter  other  organs  of  another  animal,  where  they 
become  sexually  mature.  Usually  the  various  development-stages  of  the 
distomata  have  also  three  different  habitats. 

DISTOMUM,  (RUDOLPHI.) 

With  two  suckers  on  the  anterior  part  of  the  body.  Near  the  abdominal  suckers 
lie  the  genital  pores.  The  internal  organs  of  generation  occupy  the  hind  part  of  the 
body. 

A.  Body  broad  and  leaf-shaped,  with  the  forepart  prominent  and  beak-shaped. 
The  uterine  coils  twist  into  a rounded  body  behind  the  abdominal  sucker.  Testicles 
and  intestine  branched  ; the  former  strongly  developed. 

DISTOMUM  HEPATICUM.  LIVER-FLUKE. 

Upon  the  tolerably  thick  forepart  of  the  body  (4  to  5 mm.)  follows  a flattened, 
elongated  oval,  larger  part,  which  quickly  grows  to  a considerable  breadth  ( 1 2 mm.), 
then  becomes  smaller,  and  not  infrequently  reaches  a length  of  from  25  to  28  mm. 
The  cnticula  bears  a great  number  of  scaly  spines.  Suckers  small  and  weak.  Between 
the  two  is  the  genital  pore,  out  of  which  comes  the  thick,  horny,  spiral  penis.  The 
uterine  coils  appear  as  a dark  brown  spot  through  the  dirty-yellow  surface  of  the 
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body,  close  behind  the  abdominal  sucker.  Also  the  branches  of  the  intestinal  canal 
often  show  a blackish  color.  The  lateral  borders  of  the  body  posteriorly  contain  the 
granular  ovaries. 

The  cercari®  of  dutomum  hepatieum  and  laiuseoiatvm  are  encapsuled  most  proba- 
bly in  fresh -water  snails  ( pianorbie ),  which  if,  e.  g.  in  marshy  places,  they  are  eaten 
by  sheep,  the  latter  become  infested  by  them. 

The  perfect  diet.  hepatieum  inhabits  numerous  herbivorous  mammals,  especially 
sheep  and  other  ruminants ; also  the  horse,  ass,  swine,  rabbit,  squirrel,  etc.,  and.  but 
seldom,  man.  Its  usual  abode  is  in  the  biliary  ducts,  especially  the  largest ; much 
less  often  in  the  intestines,  in  the  interior  of  the  vena  cava,  and  other  parts  of  the 
venous  system.  It  occurs  in  man.  for  the  most  part,  singly  or  in  small  number, 
and  in  all  the  detailed  cases  were  the  cause  of  obstructing  the  flow  of  bile  ; while  in 
most  domestic  mammals  they  have  sometimes  been  found  in  such  numbers  that  dila- 
tation of  the  biliary  ducts,  atrophy  of  the  liver,  emaciation,  dropsy,  and  death  have 
resulted  (so-called  liver-rot).  Also  in  abscesses  of  various  parts  of  the  body,  the  liver- 
fluke  has  been  found  in  a few  cases. 

n.  T5  xly  more  recmlarly  formed,  without  branched  intestinal  canal.  The  uterine 
coiLs  reach  to  within-  longer  or  shorter  distance  from  the  |*osterior  extremity  of  the 
body,  often  to  it.  The  hind  part  of  the  body  is  moderately  broad  and  flattened. 

DIsTomum  CKA88UM,  (Busk.)  Once  found  in  the  intestinal  canal. 

DI8TOMUM  I.ANCEOI.ATUM,  (MEIILI8.) 

With  thin  bodies  from  8 to  !)  mm.  long.  Both  extremities  of  the  body  pointed, 
the  anterior  more  so,  so  that  the  posterior  half  has  a greater  breadth  (2-2.4  mm.). 
The  part  between  the  two  suckers  passes  gradually  into  the  other  portions  of  the 
body.  The  oral,  like  the  abdominal  sucker,  has  a central  position.  The  shield-like 
prominent  border  of  the  head  is  pierced  by  numerous  gland-pores.  The  head  is 
naked.  Both  lobed  testicles  lie  closely  behind  the  abdominal  sucker,  before  the  ovary 
and  the  strongly  developed  uterus,  whose  coils  shine  through  clearly.  The  anterior 
coils  which  coutaiu  the  mature  ova  are  black,  the  remainder  rustv-red.  The  penis  is 
long  and  filamentous.  The  embryo,  which  is  almost  completely  developed  in  the 
interior  of  the  uterus,  is  oval  or  spherical,  ciliated  anteriorly,  and  provided  with  a 
spikelet  on  the  vertex  of  the  head. 

Its  abode,  like  that  of  diet.  hepatieum , with  which  it  is  often  associated,  is  in  the 
bile-ducts,  especially  the  small  ones,  sometimes  also  in  the  gall-bladder  and  intestines 
of  sheep  and  cattle ; seldom  in  deer,  rabbits,  hares,  swine,  and  extremely  seldom  in 
man. 

DISTOMCM  opnTHA i.Mohium,  (diesiso.)  Once  found  in  the  crystalline  lens. 

DISTOMCM  1IKTEKOPMVE8,  (81 K BOLD. ) Twice  found  by  BtLHAKZ,  in  Egypt,  in 
very  large  numbers  in  the  small  intestines. 

O.  Wit  h separate  sexual  apparatuses.  Bodies  long  and  slender  ; in  the  female  almost 
cylindrical;  in  the  male,  the  back  part  of  the  body  flattened  and  involuted. 

DISTOMCM  HxSMATOBICM,  (BII.HARZ.) 

Oral  and  abdominal  suckers  of  equal  size,  near  to  one  another,  on  the  anterior  part 
of  the  body.  The  genital  pore  close  behind  the  abdominal  sucker.  Color,  milk- 
white.  The  male  is  shorter  (12-14  mm.)  and  thicker  than  the  female,  and  has  larger 
suckers.  The  anterior  part  of  the  body  which  bears  the  suckers  is  distinctly  flattened, 
while  the  posterior,  which  quite  suddenly  thickens,  appears  cylindrical,  but  upon 
closer  examination  is  found  to  be  flattened.  The  apparent  cylindrical  form  arises 
from  n furrow-like  incurvation  of  the  abdominal  surface.  The  folded  body  posteriorly 
forms  an  incompletely  closed  tube  for  the  reception  of  the  female.  The  male  genital 
organs  consist  of  thickly  crowded  seminal  vesicles,  provided  with  a single  duct.  The 
surface  of  the  body  is  covered  with  little  spikelets.  The  female  has  a long  (14-1 11 
mm.)  and  Hlender,  almost  cylindrical  body.  The  intestinal  canal  divides  for  only  a 
short  distance,  and  then  its  diversions  together  enter  a single,  blind  pouch,  near  to 
which  the  ovaries  extend.  The  elongated  oval  ovary  forms  at  the  posterior  extremity 
n canal,  which,  joined  with  the  oviduct,  extends  to  the  genital  pore.  The  embryo  is 
cylindrical,  and  terminates  anteriorly  in  n pointed  proboscis ; its  surface  is  covered 
with  thick  cilia.  Any  farther  metamorphosis  is  unknown. 

The  diet.  ha-in . is  very  frequent  in  Egypt : In  the  vena  port®  and  its  branches,  the 
splenic  veins,  the  mesenteric  veins,  as  well  as  in  the  textures  of  the  intestinal  canal 
and  bladder.  Its  food  is  the  blood,  the  corpuscles  of  which  are  always  found  in  its 
intestine.  In  the  vessels  it  causes  various  anatomical  obstructions : in  the  mucous 
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membrane  of  the  bladder,  ureters,  and  of  the  intestinal  canal,  hjperaemia,  haemor- 
rhage, pigmentation,  nodules,  pustules,  and  ulcers  resembling  those  of  dysentery  or 
condylomatous  excrescences  ; sometimes  obstruction  of  the  ureters  with  consecutive 
formation  of  calculi,  pyelitis,  and  hydronephrosis.  According  to  Giu ksingeh  {Arch, 
d.  Urdu,  lytlb,  j).  4(1),  exotic  liannaturia,  at  leust  at  the  Cape  of  Good  Hope,  is  due  to 
dint.  ham. 

MONOSTOMUM,  (ZEDEB.) 

Differs  from  Dixtoinum  chielly  in  the  absence  of  the  abdominal  sucker.  The  oral 
sucker  also  has  only  a slight  independence  ; the  pharynx,  usually  very  well  developed. 
The  genital  pores  are  near  the  anterior  extremity. 

monostomom  LKNTIS,  (N'ouDMANN. ) Once  found  in  the  crystalline  lens. 

2.  Class  : Nematelmia,  Hound-worms. 

"Worms  with  rounded,  pouched,  or  filamentous  bodies,  without  rings  or 
segments,  sometimes  with  papillae  or  hooks  on  the  anterior  pole.  The  sexes 
are  distinct. 

First  Order:  Acanthocephali. 

Pouched  round  worms  with  rimmed  vei-tex  bearing  hooks,  without  mouth 
and  intestinal  canal. 

The  chief  species,  ECniNORRHYNCHUS,  inhabits  the  intestinal  canal  of  several  of 
the  vertebrates.  One  of  this  form,  not  yet  sexually  mature,  was  found  by  Lam  bi.  in 
the  small  intestines  of  a leucaemio  child. 

Second  Order:  Nematodes,  Thread-worms. 

Round  worms  with  lengthened,  thread-like  bodies,  with  mouth  and 
intestinal  canal. 

The  armament,  when  present,  consists  of  papillae  in  the  neighborhood  of 
the  mouth,  or  of  spikelets  and  hooks  within  the  oral  cavity.  The  mouth, 
on  the  anterior  extremity  of  the  body,  opens  into  a narrow  oesophagus, 
which,  for  the  most  part,  dilates  into  a muscular  pharynx.  Then  follows 
an  intestinal  tube  with  cellular  walls,  which  terminates  on  the  abdominal 
surface,  not  far  from  the  posterior  extremity  of  the  body,  in  the  anus. 
The  hard  skin,  often  transversely  wrinkled  and  consisting  of  many  layers, 
incloses  the  strongly-developed  muscular  layer.  There  are  two  lateral 
longitudinal  stri;e  of  free  muscles,  the  so-called  side-lines,  i.  e.,  organs  of 
excretion  analogous  to  the  water- vessel-system,  which  together  open,  by 
means  of  the  transverse  vessel-pore,  so-called,  at  the  upper  part  of  the 
pharynx  on  the  abdominal  surface.  A nervous  system  in  form  of  a ring 
around  the  oesophagus,  is  in  many  certainly  demonstrated.  They  are 
sexually  distinct.  The  male  differs  from  the  female  in  its  smaller  size,  and 
generally  by  the  curled  posterior  extremity  of  its  body.  The  male  and 
female  genitals  are  extended,  forming  single  or  coupled  pouches,  which,  in 
the  upper  portions,  represent  testicles  and  ovaries,  in  the  lower  portions 
ducts  and  reservoirs  for  the  procreation  material.  These  coupled  ovarian 
pouches  are  placed  upon  a short  vagina  common  to  both,  which  opens 
through  the  female  genital  pore  in  the  middle  of  the  body,  or  near  the 
anterior  or  posterior  pole.  The  male  genital  pore  is  situated  at  the  poste- 
rior end  of  the  body,  and  possesses  an  organ  for  copulation  protected  by 
prominent  spicules.  The  nematodes  are  partly  oviparous,  partly  viviparous. 
The  free  development  of  the  young  forms  takes  place  mostly  by  single  meta- 
morphosis; it  is  nevertheless  often  complicated,  so  that  it  does  not  always 
occur  in  tlxe  habitat  of  the  mother  animal.  Many  young  forms  have  an 
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abode  altogether  different  from  that  of  their  parents,  and  often  the  young 
and  sexually  mature  nematodes  inhabit  different  organs  of  the  same  animal, 
or  even  different  animals.  The  transportation  of  the  free  and  parasitic 
development- forms  distributed  to  different  organs  of  different  animals,  is 
partly  by  means  of  their  own  wandering,  partly  in  a passive  manner  by 
means  of  the  food  and  drink.  Some  nematodes  live  parasitically  in  parts  of 
plants. 

1.  Sl'B-ORDER  : STRONG  YLOID.E,  NEMATODES  WITH  AN  1X8. 

1.  FAM.  : ASCARIDE8. 

Mouth  provided  with  three  lips  or  papillae,  sometimes  with  horny  borders 
and  teeth  in  the  throat.  Opening  for  the  penis  near  the  posterior  end  with 
a point  going  out  from  the  pointed  tail.  Most  of  the  forms  of  ascaris  lay 
hard-shelled  eggs,  which  develop  into  an  embryo  only  after  a long  abode  in 
moist  media. 

ASCARIS  LCMBRICOIDE8,  ROUND-WORM. 

Body  cylindrical,  pointed  at  both  ends,  whitish  or  reddish  in  color.  The 
length  of  the  male  reaches  250  mm.;  thickness,  3 mm.  ; the  length  of  the 
female,  400  nun. ; thickness,  5.5  mm.  The  skin  is  transversely  marked, 
with  four  whitish  longitudinal  stria*.  The  head,  consisting  of  three  semi- 
lunar lip-shaped  parte,  is  separated  from  the  body  by  a groove.  The  tail 
of  the  male  is  conical  and  hooked,  that  of  the  female,  blunt.  The  male 
genitals  are  situated  anterior  to  the  tail ; those  of  the  female,  anterior  to 
the  middle  of  the  body.  The  intestinal  canal  runs  through  the  whole  body 
and  opens  near  the  tail.  The  remaining  cavities  of  the  body  are  occupied, 
in  the  female,  by  the  white  filamentous  genitals  (with  about  00  mm.  ova), 
which,  in  injury  to  the  animal,  are  pressed  out;  in  the  male,  by  the  testicle 
and  seminal  duct.  It  occurs  very  often,  especially  in  children  from  three 
to  ten  years  of  age,  and  especially  in  autumn.  Its  chief  habitat  is  the 
small  intestines,  whence  it  may  wander  into  every  part  of  the  intestinal 
canal  from  the  mouth  to  the  anus,  seldom  into  the  gall,  and  pancreatic 
ducts,  and  upper  respiratory  tubes.  In  the  small  intestine  and  other  parts, 
the  round  worm  may  occur  singly  or  in  small  numbers ; but  in  the  small 
intestine  they  may  exist  in  very  large  numbers  (one  to  two  hundred  and 
more).  They  wander  spontaneously  in  health  or  during  some  diseases 
(typhoid  fever,  cholera,  etc.),  to  the  exterior  of  the  body.  The  harm  which 
these  worms  may  cause,  consists  in  catarrh  of  the  organs  of  digestion,  some- 
times in  nervous  phenomena  (paleness  of  the  face,  dilatation  of  the  pupils, 
etc.,  and  convulsions  of  various  kinds),  and  in  stenosis  of  the  narrow  passages, 
causing  icterus,  suffocation,  etc.  They  seldom  cause  perforations  of  the 
intestinal  walls  and  the  so-called  worm-abscesses  of  the  abdominal  wall, 
especially  in  the  umbilical  and  inguinal  regions,  which  contain  pus,  one  or 
more  round  worms  and  usually  food  or  excrement,  and  are  evacuated  for 
the  most  part  exteriorly,  seldom  with  the  urine.  Still  more  rarely  do  they 
giv  e rise  to  acute  general  peritonitis. 

ASCARIS  MYSTAX,  (ZEDER.)  A SC.  ALATA.  (BELLINGHAM.) 

Smaller  and  thinner  than  the  preceding1,  quite  regularly  symmetrical.  The 
female,  to  120  mm.  in  length;  the  male,  to  GO  mm.  Identical  with  the  common 
round  worm  of  cats.  Observed  only  a few  times.  Sequelaj  little  known. 

OXYt'HIS  VERMICULAR  18,  THREAD-WORM. 

Body  filamentous,  white.  On  the  head  are  three  lips  aud  strong  cuti 


124 


STRONG  YLUB. 


culur  swelling.  The  females  exist  in  much  larger  number  than  the  males. 
1 he  length  < > t the  male  is  4 nun.  ; that  of  the  female,  10  mm.  Skin  striated, 
Avith  tooth-like  prominences.  The  tail  of  the  male  blunt  and  curled,  with  a 
sucker  on  the  point;  that  of  the  female,  occupying  a fifth  of  the  length  of 
the  bod*,  pointed  and  straight.  J lie  straight  intestinal  canal  runs  through 
the  middle  of  the  body.  The  male  genital  pore  is  near  the  tail  ; that  of  the 
female,  in  the  anterior  half  of  the  body.  They  occur  very  often  in  oh i 1- 
dren,  not  infrequently  in  adults,  in  greater  or  less  number,  and  continue 
sometimes  only  a short  time,  sometimes  years.  They  inhabit  preferably,  the 
rectum  or  the  whole  large  intestine,  seldom  the  lower  part  of  the  small 
intestine.  Sometimes  they  are  found  around  the  anus  and  in  the  vagina. 

\\  onus  excite  catarrh  in  the  intestine  and  itching  around  the  anus, 
especially  at  evening,  when  they  partly  leave  the  rectum  and  go  even  into 
the  vagina.  In  consequence  of  the  itching  arise  nervous  excitements,  ex- 
coriations, eczema,  etc.,  and,  in  the  vagina,  catarrh. 

2.  FAM. : STRONG YLO I I).E. 

Mouth  for  the  most  part  armed  with  a horny  surface  or  hooks.  Penis 
embraced  by  a bell-shaped  vesicle. 

STRONGYLUS  (EUSTUONOYLUS)  GIG  AS. 

Very  long,  cylindrical,  red  worm.  Viviparous.  The  male  hardly  .5  M. 
long,  12  mm.  thick;  the  female  from  100  mm.  to  more  than  1 M.  long, 
8— 12  mm.  thick.  The  body  blunt  posteriorly;  anteriorly,  pointed.  The 
mouth  narrow,  surrounded  %vith  six  papilla*.  The  female  genital  pore  far 
forward.  It  is  distinguished  from  all  the  other  male  nematodes  by  its 
length,  but  chiefly  by  its  blood-red  color,  but  is  easily  mistaken  for  the 
fibrin  of  blood-dots.  Smaller  specimens  can  also  be  confused  with  asc. 
lumbricoides.  It  is  rare.  It  occurs  in  the  pelvis  of  the  human  kidney, 
which  it  obstructs,  as  well  as  in  the  parts  surrounding  the  kidney.  Out  of 
the  former  locality  the  worm  can  be  expelled  with  the  urine;  out  of  the 
latter,  it  may  reach  the  exterior  by  causing  the  formation  of  abscesses.  In 
the  kidneys,  abdominal  cavity  and  heart  of  the  dog,  and  of  beasts  of  prey. 

STRONGYLUS  LONGEVAGINATU8,  (DIESING.) 

Body  filamentous,  straight,  dirty  white,  longitudinally  striated.  The  male  12- 
14  mm.  long,  i mm.  thick;  the  female,  to  25  mm.  long,  1 mm.  thick.  Once  found 
in  the  parenchyma  of  the  lungs  of  a boy. 

Another  variety  of  strongylus,  strongylus  araiatus,  is  the  cause  of  one  of  the 
most  frequent  and  most  dangerous  diseases  of  the  horse,  the  so-called  colic. — aneu- 
rism (warm  nneurymn)  of  the  arteries  supplying  the  intestines.  This  aneurism  is 
true  and  mixed,  of  the  size  of  a pea  to  that  of  a man’s  hea  l,  and  is  dependent  on  a 
traumatic  arteritis  caused  by  the  worm  mentioned ; through  inflammation  the  lumen 
of  the  vessels  is  also  narrowed,  and  there  is  formed  for  the  most  part  a fixed  thrombus, 
while  the  muscular  coat  hypertrophies  and  the  adventitia  is  indurated  and  thickened. 
The  thrombus,  as  such,  and  emboli  from  it,  give  rise  to  dangerous  symptoms : htum- 
orrhagic  infarctions,  paralysis  of  the  muscular  coat  of  the  intestines  with  constipa- 
tion and  strong  meteorism,  rupture  of  the  intestine ; by  the  progress  of  the  disease 
back  along  the  mesenteric  arteries  into  the  aorta,  diseases,  especially  paralysis  of  the 
hind  extremities.  Consult  Bollinger,  Beitr.  zur  vergl.  Path.  u.  s.  w.  der  Ham- 
thiere.  1870  u.  1872. 

ANCIIYLOSTOMUM  DUODENALE,  S.  STRONGYLUS  DUODENALI8. 

Body  cylindrical.  The  head  turned  round  to  the  surface  of  the  back, 
with  a Avide  mouth  and  horny  mouth-capsules;  on  the  upper  border  two 
strong  claw-shaped  hooks.  Bursa  three-lobed.  The  males  reach  10  mm.  in 
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length,  an<l  1 mm.  in  thickness;  the  female,  18  mm.  in  length,  1 mm.  in 
thickness.  Found  in  the  duodenum  and  beginning  of  the  jejunum.  In 
Italy,  but  especially  in  Egypt  and  in  tropical  countries ; sometimes  singly, 
sometimes  in  very  great  numbers.  It  bites  its  way  into  the  mucous  mem- 
brane, pierces  the  submucous  cellular  tissue,  and  subsists  on  the  blood. 
After  its  removal  there  remains  an  ecchymosis  of  the  size  of  a lentil,  the 
centre  of  which  presents  a white  spot  of  the  size  of  a pin’s  head,  with  a line 
hole.  Out  of  these  wounds  the  blood  oozes  into  the  intestinal  cavity. 
When  the  worm  is  in  the  submucous  cellular  tissue,  the  inner  surface  of  the 
intestine  presents  flat  elevations  of  the  size  of  a lentil  and  of  a brownish 
color.  Seldom  single,  mostly  by  thousands.  It  gives  rise  to  anaunia,  and 
the  very  extended  Egyptian  chlorosis. 

The  Strong,  duod.  probably  passes  its  youth  in  dirty  water,  and  is  thence  conveyed 
with  the  drink  immediately  into  the  intestinal  eaual,  where  in  a few  weeks  it  assumes 
its  definite  form. 

According  to  Gkiesixoeh  {Arch.  d.  JTeiOc .,  1806,  p.  081),  tropical  chlorosis 
{geophiigia ) is  most  probably  dependent  upon  the  anckylottomum. 

3.  FAM.  : TRICHOTKACHELID  E. 

Moderately  large,  longitudinally  striated  worms.  The  body  is  for  the 
most  part  provided  with  a thin,  elongated,  neck-like  anterior  segment.  The 
mouth,  small,  without  papilla*.  The  penis  with  a tubular  sheath. 

TRH’HOCEPHALUS  DISPAR,  LONG  THREAD-WORM. 

Body  short,  about  2 cent,  long,  1 mm.  thick,  to  which  is  attached  a 
filiform  neck,  20—25  mm.  long,  and  head;  in  the  male,  spiral  ; in  the  female, 
straight.  The  tail  is  blunt  in  the  male,  pointed  in  the  female.  The  male 
is  lighter  colored  than  t lie  female,  the  latter  being  darker  from  the  presence 
of  ova  .shining  through.  It  is  found  in  children  and  adults.  Often  in  the 
caecum  and  ascending  colon;  less  often  in  the  lower  small  intestine.  Often 
found  in  great  numbers.  Its  effects  are  unknown. 

TRICHINA  SPIRALIS,  (OWEN.) 

Occurs  in  man  in  the  develojied  ami  undeveloped  states. 

The  mature  trichina  is  attenuated  at  the  anterior  extremity;  at  the  tail, 
blunt,  rounded.  The  intestinal  canal  passes  direct  through  the  length  of 
tin*  whole  body,  and  is  divisible  into  oesophagus,  stomach,  and  rectum. 
Viviparous.  The  male,  1.5  mm.  long;  the  female,  2-3  mm.  The  female 
genitals  lie  for  the  most  part  in  two-thirds  of  the  body.  The  testicles  are 
located  in  the  last  third  of  the  body.  Found  in  the  small  intestine,  less 
often  iu  the  large  intestine,  of  man,  swine,  of  the  dog,  cat,  rabbit,  guinea- 
pig,  rat,  and  of  isolated  birds. 

In  the  immature  state  the  body  is  filiform,  about  1 mm.  long,  and  has, 
besides  the  intestinal  canal,  no  internal  organs,  or,  at  the  most,  only  rudi- 
ments of  such.  The  trichime,  twice  or  three  times  spirally  coiled,  occupy 
the  voluntary,  striated  muscular  fibres  of  man  ami  animals,  within  very 
small,  elliptical  or  lemon-shaped,  thick-walled  capsules,  which  later  become 
calcareous,  and  inclose,  for  the  most  part,  one,  rarely  two,  very  rarely  three 
worms,  in  this  state  they  remain  fur  years  capable  of  development. 

From  an  observation  by  KLOPSCII  (trichinosis  in  1842,  in  18t!(i  second  amputation 
of  a recurring  mammary  cancer),  trichina)  occupying  the  muscles  may  attain  the  age 
of  twenty-four  years  (.  Yirch.  Arch.,  XXXVI.  p.  600). 
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On  the  second  day  after  the  nse  of  raw  flesh  containing  trichinae,  and  the 
consequent  entrance  of  trichinae  into  the  intestinal  canal,  and  after  the 
digestion  of  the  inclosing  capsule,  the  worm  reaches  its  full  sexual  maturity. 
They  there  copulate,  and  on  the  sixth  day  thereafter  the  females  bring  forth, 
in  great  numbers  (about  1,000),  living  filamentous  embryos.  The  young 
immediately  (on  the  tenth  day  after  the  use  of  the  trichina-flesh)  begin  their 
wandering,  pierce  the  walls  of  the  intestine,  and,  partly  through  the  abdom- 
inal cavity  by  way  of  the  intermuscular  connective  tissue,  partly  with  the 
blood,  they  reach  the  voluntary  muscles  of  their  bearer.  The  muscles  first 
affected  are  those  of  the  body  and  head,  then  those  of  the  extremities.  They 
pierce  into  the  interior  of  the  muscle-bundle,  and  already  on  the  fourteenth 
day  reach  the  size  and  organization  of  living  trichina;,  undeveloped,  in  the 
muscles.  The  infected  muscle-bundle  very  soon  loses  its  earlier  structure, 
while  the  fibrilhe  become  homogeneous  or  assume  the  appearance  of  a finely 
granular  substance;  later  the  sarcolemma  thickens  and  begins  from  the  end 
to  shrivel,  while  the  parasite  coils  itself  within  in  a spiral  manner,  and  the 
inhabited  place  is  enlarged  and  spindle-shaped.  Then,  under  the  thickened 
sarcolemma  the  formation  of  the  lemon-shaped  or  spherical  cysts,  through 
hardening  and  calcification  of  the  horny  substance,  begins.  Simultaneously 
there  arises  in  the  neighborhood  of  the  affected  muscle-bundle  a cellular 
growth,  which  originates  in  the  nuclei  of  the  capillaries  themselves  and 
their  surrounding  tissues,  as  well  as  in  the  nuclei  of  the  muscle.  Out  of 
the  former  are  formed  new  capillaries,  as  well  as  a thick  capillary  network 
around  the  trichina-capsule  ; out  of  the  latter,  new  muscle-fibres,  so  that  in 
the  greater  number  of  cases  a complete  regeneration  of  the  muscular  tissue 
occurs. 

The  trichina  disease  assumes  various  forms,  especially  according  to  the 
number  of  trichina;  taken  capable  of  development.  In  the  severer  cases 
there  occur  in  the  first  week  after  the  infection,  digestive  troubles  of  differ- 
ent degrees.  In  ihe  second  week  there  arise  the  quite  characteristic  group 
of  symptoms  in  the  muscles  of  the  trunk  and  extremities  (feeling  of 
stiffness,  hardness,  pain  from  pressure  and  movement,  hoarseness,  dyspmea), 
fever,  continuation  of  catarrh  of  the  mucous  membrane  of  the  stomach, 
oedema,  etc.  It  ends  in  recovery,  sometimes  after  a long  time,  or  death. 
Light  cases  present  no  symptoms,  or  such  as  are  uncharacteristic. 


Zenker  with  Gert.acu  regards  the  hog  as  the  true  and  original  hearer  of  trichinae, 
the  true  source  of  trichina;.  Infection  of  hogs  takes  place  by  swallowing  intestinal 
trichina;  and  embryos  which  rnd  been  passed  with  the  excrement  of  other  hogs,  but 
especially  by  eating  trichinous  flesh  of  other  hogs ; also  by  feeding  the  refuse  flesh  at 
butcheries  to  the  hogs  in  the  yard.  Trichinous  rats  are  a sign  of  the  presence  of 

trichinous  bogs.  _ _ , , 

Vmcnow,  Arch. , XVIII.  p.  330.  Zenker,  lb. , XVIIT.  p.  06I ; Jnhreahcr.dcr 
Gen.  f.  Ndtnr-u.  lleilk.  zn  Dresden.  1861,  u.  02,  p.  49  u.  oil;  D.  Arch.  J.  kun.  Aled., 
1871,  VIII.  p.  387.  Biiiu.ER,  Die  Trichinehkr. , 1803.  Leuckart,  Unters.  iib.  1 rich. 
Spir. , 1800.  Fiedler,  Arch.  d.  lleilk.,  V.  p.  1.  Colberg,  Deutsche  Klin.,  1804, 
No.  19. 

4.  FAM.  : FILARID.E. 

With  very'  long,  filamentous  body,  sometimes  with,  sometimes  without 
papillae. 

FI  LARI  A MEDINENSIS,  THREAD-WORM,  GUINEA-WORM. 

Female,  3 cent,  to  1 M.  long,  2 mm.  thick,  white,  becoming  thinner 
posteriorly  ; the  male,  much  smaller  and  little  known.  Inhabits  especially 


FIL  ARIA. — ARTHROPOD  A 


327 


the  subcutaneous  cellular  tissue  of  the  foot,  less  often  other  places  (scrotum), 
and  the  conjunctiva  bulbi.  Found  only  in  tropical  countries.  Lies  in  the 
places  mentioned,  sometimes  coiled,  sometimes  stretched  out.  Examples  of 
it  are  found  most  often  singly,  sometimes  in  great  numbers.  When  the 
brood  of  the  female  worm  has  reached  maturity,  there  arises  in  the  skin  a 
sort  of  swelling  which  is  perforated ; with  various  local  and  general  symp- 
toms. 

The  researches  of  Fedtschenko  in  Turkestan  make  the  order  of  life  of  the  young 
filarise  as  follows:  The  filarifc  already  in  the  womb  creep  out,  are  some  time  free 
in  water,  then  wander  into  the  small  fresh-water  crabs  (cycbqyg),  and  if  these,  with 
dirty  drinking  water,  are  consumed  by  man,  be  becomes  infected. 

DHAor NCULCs  OCCLI.  Under  the  conjunctiva  of  .Ethiopians. 

Fil. aria  lentis.  In  the  crystalline  lens  and  liquor  Morgagni 

fii.aui a HoMi.MS  s.  BRONt'll IALI8.  In  the  bronchial  glauds. 

Class:  AN'XKLin.E,  ringed  worms. 

Cylindrical  or  flattened  worms,  mostly  with  segmented  body  with  brain,  oesophageal 
ring,  chain  of  abdominal  ganglia,  and  bloodvessels. 

Order  : lit  red  in  is,  i.eecit. 

Body  with  narrow  rings,  with  terminal  central  disk,  without  feet,  hermaphrodite, 
and  mostly  parasitic. 

SUB-ORDER:  GXATnOBDELL.K,  OII.L-I.EKCn. 

Throat  provided  with  three,  often  dentated  gills,  longitudinally  plaited ; 4 to  .1  rings, 
for  the  most  part,  are  npou  one  segment.  In  front  of  the  month  is  a prominent, 
curled,  spoon -shaped  disk,  which  forms  a sort  of  oral  sucker.  Its  blood  is  mostly 
colored  red. 

Ill R V DO,  BLOOD- LEECH. 

Has  usually  ninety-five  distinct  rings.  The  anterior  rings  bear  ten  sjK>ts  (eyes). 
The  male  genital  pore  lies  between  the  twenty-fourth  and  twenty-fifth  rings  ; that  of 
the  female,  between  the  twenty-ninth  and  thirtieth  rings,  trills  dentate.  The  stom- 
ach, with  eleven  pairs  of  lateral  pouches. 

iiiRUDo  MKDici Nalls,  with  its  distinct  officinal  varieties,  has  eighty  to  ninety 
fine  teeth  on  the  free  bonier  of  the  gills.  Is  cultivated  in  leech-ponds,  and  need3 
three  years  to  arrive  at  sexual  maturity. 


III.  Artiiropoda. 

Laterally  symmetrical  animals  with  segmented  bodies  and  articulate  ap- 
pendages (limbs),  with  brain  and  abdominal  ganglia.  Propagation  prepon- 
derate!)’ sexual. 

Class  : Arachnid.*. 

Air-breathing  arthropods  with  head  and  thorax  blended,  without  feelers, 
with  two  pairs  of  jaws  and  legs,  and  abdomen  without  members.  Sexes 
distinct.  Mostly  oviparous,  seldom  viviparous. 

Order:  Lixquatulid.e,  pestastomid*. 

Body  worm-shaped,  elongated,  flat  or  rounded,  ringed.  Mouth  on  the 
anterior  end,  rounded,  open,  surrounded  by  a horny  border.  Four  legs, 
hook-like,  and  sheathed.  Surface  of  the  body  bard  ami  pierced  by  stigmata. 
The  female  genital  opening  in  the  tail ; that  of  the  male  on  the  abdominal 
surface.  Penis  doubled,  very  long,  filiform.  The  male  smaller  than  the 
female.  Metamorphosis  complete. 
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PENTASTOMUM  T.EN'IOIDES. 

Female  80,  ma|f  20  mm.  long.  Inhabits  the  nasal  cavities  and  frontal 
sinuses  of  the  clog  and  wolf,  very  seldom  those  of  the  horse  and  goat.  The 
embryos,  within  the  sheds  of  the  ova,  are  expelled  with  the  mucus  and  ad- 
here to  plants,  and  thence  are  taken  into  the  stomach  of  rabbits,  hares,  goats, 
man.  In  man,  as  well  as  in  all  the  last-named  animals,  only  the  larva:  are 
found. 

PENTASTOMUM  DENTICULATUM. 

This  form  is  4-G  mm.  long,  1.5  mm.  broad,  always  encapsuled,  curved 
to  the  shape  of  a half-moon,  calcified.  It  is  often  found  located  on  the  sur- 
face of  the  liver,  seldom  in  its  interior,  especially  of  the  left  lobe,  on  the 
surface  of  the  small  intestines,  stomach,  kidneys,  spleen,  lungs.  Frequent. 
It  is  without  consequences. 

Twice  have  I found  a living,  well-formed,  but  not  fully  grown,  pent.  dent,  in  a 
distinctly  prominent  recess  of  the  surface  of  the  liver,  which  recess  was  of  the  size 
of  a half-pea,  cyst-like,  but  not  smooth,  and  not  provided  with  an  enclosing  mem- 
brane. At  a distance  from  these  were  found  three  calcified  pentastomn.  Also  I found 
two  specimens  of  well-formed  pent.  dent,  ou  the  surface  of  the  lung  of  a mangy  cat ; 
one  was  completely  calcified,  the  other  in  the  process  of  calcification . 

Order  : Ac arin.e,  mites. 

Body  compact,  inarticulate  ; abdomen  blended  with  the  anterior  part  of 
the  body ; apparatus  of  mouth  for  biting,  sucking,  or  stinging  ; respiration 
by  means  of  trachea:. 

FAM.  : DERMATOPHILI,  HAIR-FOLLICLE  MITE. 

Elongated  little  mites,  with  lengthened,  worm-shaped,  fringed  abdomen, 
with  suckers  and  stiletto-shaped  jaws,  and  four  pairs  of  short,  bipartite 
stumped  feet. 

ACARUS  FOLLICULORUM,  COMEDONE-MITE,  (.SIMON.)  (MaCT  Og  CUter  platl/pUS , 

Dermodex  folliculorum.) 

A slender  animal,  about  0.2  mm.  long.  Organs  of  generation  and  de- 
velopment unknown.  Very  common.  Found  in  most  men  in  the  ear- 
wax  and  in  the  sebaceous  glands  of  the  external  organs  of  hearing  and  of 
the  face,  seldom  in  tnose  of  the  chin,  breast,  etc.,  not  in  those  of  the  extrem- 
ities. I n most  cases,  many  animals,  sometimes  even  ten  to  twenty,  are  found 
in  one  follicle.  With  the  exception  of  occasional  comedones  and  acne-pus- 
tules, there  are  no  consequences. 

Mites  similar  to  the  near  us  foUic.  occur  also  in  dogs,  cats,  sheep,  bats,  etc. 

FAM.  : ACAHID.E,  MITES. 

Bodies  microscopic,  compact,  soft-skinned,  with  horny  stalks  for  the  sup- 
port of  the  limbs.  Legs  mostly  short,  stumped,  and  provided  with  disks 
for  prehension. 

ACARUS,  seu  SARCOPTES  SCABIEI,  ITCH-MITE. 

The  female  is  about  0.5  mm.  long,  0.4  mm.  broad,  dull  grayish- white;  the 
male  almost  half  as  large  and  strong.  Body  rounded,  arched,  with  shallow 
indentations  and  swellings,  and  fine  parallel  transverse  stria*.  On  the  dorsal 
surface  are  numerous  conical  elevations  and  spines;  on  the  back,  sides,  and 
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legs,  isolated  long  bristles.  Head  round,  with  bristles  and  mandibles.  In 
tbe  mature  state  there  are  eight  legs,  of  which  two  are  situated  anteriorly 
near  the  head,  and  are  provided  with  terminal  disks  ; two  pairs  are  situated 
posteriorly,  and  terminate  in  long  strong  bristles.  The  ova  are  oval,  about 
0.2  min.  long,  and  in  them  the  young  mites  are  sometimes  seen,  which  after 
creeping  forth  have  only  one  pair  of  feet  posteriorly. 

The  female  itch-mite  penetrates  the  epidermis  of  the  inner  side  of  the 
fingers  and  of  the  wrist,  and  forms  under  it  a somewhat  winding  passage, 
which  is  colored  brownish  by  dirt  and  the  excrement  of  the  mites.  At  the 
end  of  the  canal  (cuniculus)  it  perforates  the  corium,  therein  giving  off  an 
acrid  liquid  which  excites  itching,  and,  consequently,  the  skin  affection  is 
known  as  the  common  itch.  In  cases  of  long  duration  especially',  there  are 
not  rarely  found  abundant  scales  and  crusts,  the  so-called  itch-scabs. 

According  to  Dei.afono  and  Bol'RGCIGKON,  the  sareoptss  hominis  occurs  also  on 
the  dog,  the  horse,  and  lions. 

(FOkstbnhkbq.  Die  KrdtzmUben  der  Metuehen  und  Thiers.  1861. 

The  tnitea  (sarcoptes  or  dermatodedesf)  accidentally  borne  by  man  are:  the  true 
sareoptes J'elis,  sure.  amis,  sure,  equi,  mire,  botis,  sure.  oris. 

FAM.  : IXOD.E,  TICKS. 

Larger,  mostly  blood  sucking  mites,  with  firm  back -shield  and  large,  ex- 
tended den ta ted  mandibles.  They  live  upon  grasses  and  upon  trees  of  the 
garden  and  forest,  and  only  occasionally  are  they  found  upon  man.  The 
female  sinks  its  proboscis  into  the  skin,  fills  itself  with  blood,  by  which 
it  swells  out  and  causes,  besides  pain,  suppuration  of  the  part  affected. 
There  are:  ixodcs  rich  ins,  the  common  tick;  ix.  margina'.us,  the  bordered 
tick  ; ix.  americanus  h u man  us. 

The  DERMANYssus  avium,  or  ARGAS  reflexes,  is  likewise  found  on  man, 
accidentally  or  when  in  want  of  other  subsistence,  it  lives  in  dove-cotes, 
hen-roosts,  bird-cages,  etc.,  upon  the  affected  animals.  It  gives  rise  to  an  itch- 
ing, burning  pain,  and  leaves  behind  a reddened,  somewhat  swollen  bitten 
place,  sometimes  also  oedema,  etc. 

Bououultb  ( Virrh.  Aroh.,  XVIII.,  p.  554)  and  Gkrstackf.r  (76.,  XIX.,  p.  457.) 

The  Aruas  FERSIOUS  likewise  appears  to  belong  to  this  family. 

FAM.  : TROMliimn.E,  RUNNING-MITES. 

Body  brightly  colored,  covered  with  hair.  They  run  upon  plants  and 
upon  the  ground.  The  young,  six-legged,  live  parasitically  upon  insects, 
etc.,  sometimes  also  upon  man.  The  so-called  lkptus  auti  mnalis,  goose- 
berry or  harvest  mite,  often  in  great  numbers,  penetrates  the  skin  of  the 
reapers,  etc.,  in  summer,  causing  troublesome  itching,  inflammation,  and 
swelling,  sometimes  even  fever.  It  is  easily  recognized  on  account  of  its 
reddish  color,  hence  the  name  of  the  affection,  RoUGET. 

(Gudden,  Virch.  Arch.,  LIT,  p.  255.) 


Class:  Hexapoda,  insects. 

Air-breathing  arthropods,  whose  bodv  generally  is  distinctly  separate  into 
head,  thorax,  and  abdomen,  with  two  feelers  on  the  head,  and  three  pairs 
of  legs  on  tbe  tripartite  thorax. 
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HEXAPODA. 


Order  : Rhynchota. 

Sub-Order:  Aptera. 

Snmll  wingless  insects,  with  short,  turned-in,  fleshy  beak,  and  piercing 
bristles,  or  with  rudimentary  biting  mouth,  with  a body  posteriorly  com- 
posed, usually,  of  nine  articulations. 

FEDICULU8  capitis,  head-louse. 

PEDICULUS  PUBIS  Vel  PHTHIRIUS  INOUINALIS,  Cl'abs. 

PEDICULU8  YE8T1MENTI,  clothes-louse. 

In  very  rare  cases  there  arises  the  so-called  louse-disease,  PHTniuiAsrs,  in  which 
the  clothes-louse  is  found  in  ulcers  of  the  skin,  and  even  under  the  skin  in  boils 
and  pustules,  the  covered  louse-ulcers,  so-called.  (Landois,  Wien.  med.  Wocheuschr 
18(53,  Nos.  17-10.) 

Sub-Order  : IIemiptera. 

CIMEX  LEUTULARIU8,  Acanthia  rolul.  Bed-bugs. 

Yirciiow  (Arch.,  LIV.,  p.  283)  describes  an  immense  invasion  of  wood-lice  ( dothilla 
inquilina , v.  Hey  den). 

Order  : Djptera. 

Insects  with  sucking  and  piercing  mouth-apparatus,  inarticulate  thorax, 
with  cuticular  anterior  wings,  swing-bats  for  wings  posteriorly,  and  com- 
plete metamorphosis. 

pulex  irritans,  flea. 

PULEX  vel  DERMATOPHILU8  PENETRANS,  Sand-flea. 

The  latter  lives  in  South  America.  It  pierces  the  hairless  parts  of  the  epidermis  in 
an  oblique  direction,  and  having  reached  the  cutis  it  deposits  numerous  ova,  whereby 
the  animal  formerly  appearing  as  a long  brown  point,  swells  out  into  a pearl-gray 
vesicle,  of  the  size  of  a pea.  When  the  ova  reach  maturity  they  are  expelled,  and 
develop  further  in  the  sand.  After  that  the  insect  dies,  and  is  cast  off  with  the  epi- 
dermis. The  parts  of  the  skin  deprived  of  sensibility,  of  those  affected  with  leprosy, 
often  show  numerous  holes  caused  by  the  sand-flea. 

Of  the  Diptera  the  following,  partly  parasitic,  are  worthy  of  notice  : 

(ESTRU8  Ho  MINIS,  gad-fly.  It  lays  its  ova  in  the  skin  of  man,  giving  rise  to 
boils. 

musca  vomitoria,  large,  blue-bottle  fly. 

sarcopiiaoa,  common  llesh-fly. 

musca  domestica,  house-fly. 

All  deposit  their  ova  with  the — for  the  most  part  already  formed — larvae,  or  the 
latter  themselves  in  the  cavities  of  the  mucous  membranes  of  the  surface  (conjunc- 
tiva. nasal  cavities,  vagina),  upon  excoriated  parts,  in  wounds  and  ulcers.  In  rare 
cases  the  larvm  enter  the  stomach,  where  they  remain  several  days  alive,  and  possibly 
give  rise  to  intense  catarrh  of  that  organ  (Mescuede,  Viren,  Arch.,  18(115,  and 
Geriiardt,  Jen.  Zlsohr.,  18(57,  p.  454).  Thomas  ( oral  com.)  saw  a severe  car- 
dialgic  attack  in  consequence  of  a living  wasp  having  entered  the  stomach  ; re- 
covery after  the  escape  of  the  wasp  by  vomiting. 

According  to  CoQUEREL  (Arch,  gen.,  18511,  June),  a fly  (Lucilia  hominivorax) 
occurs  in  Cayenne,  whose  larvm  gives  rise  in  man  to  very  severe  illness  and  even 
death.  When  present  in  the  nasal  cavities  and  frontal  sinuses,  they  cause  pain, 
hmmorrhage,  meningitis,  etc. 


9.  CONTAGIONS  AND  MIASMATA. 

EPIDEMICS  AND  ENDEMICS. 

The  literature  of  the  subject  is  found  in  works  on  general  pathology,  on  the  acute 
exanthemata,  and  in  Griesiuger’s  “Infectious  Diseases”  ( Virch.  Handb.  d.  spec, 
rath.  u.  Ther.  II.,  2 Abth.  2Aufl.,  18G4). 
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The  cause  of  a number  of  the  most  important  diseases,  contagious  and 
miasmatic,  is  still  almost  unknown.  It  is  most  probably  specific,  and 
affects  the  body  like  a poison,  a virus.  Although  we  know  only  the  effects 
of  this  unknown  agent,  we  may,  nevertheless,  suppose  for  each  of  these  dis- 
eases a definite  material,  because  the  disease  spreads  either  from  individuals 
already  sick  in  a similar  manner,  or  at  certain  times,  or  proceeding  from  de- 
termined localities  the  disease  spreads,  and  because  the  cases  of  tlisease  in 
the  same  category,  thus  arising,  behave  in  an  extremely  similar  manner.  Be- 
sides, they  have  much  in  common  with  roqiect  to  their  symptomatology. 

The  influence  of  such  a virus  upon  the  body  we  call  infection,  and 
the  respective  diseases  receive  the  name  of  infectious  diseases.  These 
diseases  form  a special  group,  and  do  not  include  the  affections  which  are 
independently  produced  within  the  body  itself,  by  outside  influences,  by 
means  of  transpositions  of  a kind  partly  or  entirely  unknown,  although  the 
action  of  those  products  of  transposition  are  to  the  senses  in  part  quite  similar 
to  the  infecting  substances  mentioned.  Thus  tuberculosis,  carcinosis, 
pyaunia,  septicauma,  etc.,  not  arising  from  an  exterior  cause,  are  not  ranked 
among  the  infectious  diseases. 

In  the  spreading  of  these  diseases  by  infection,  the  locality  of  origin  of 
the  virus  varies.  When  the  virus,  by  which  an  individual  becomes  sick, 
has  its  origin  only  within  another  individual  already  sick,  from  whom  it  is 
excreted  in  an  active  state  with  the  power  to  spread  from  individual  to  in- 
dividual, then  is  the  disease  allied  contagious,  and  the  unknown  material, 
contagium.  But  if  the  unknown  agent  which  further  propagates  the  same 
disease  1ms  originated  in  the  ground,  and  is  diffused  through  the  air  or 
water,  so  that  one  may  become  infected  without  having  met  another  already 
sick,  or  so  that  the  sick  cannot  be  the  means  of  the  further  spread  of  the 
disease,  then  it  is  called  miasm. 

These  two  expressions  for  the  manner  of  spreading  of  individual  diseases 
are  with  ease  kept  sharply  distinct.  Intermittent  fever  is  not  contagious. 
It  is  well  known  that  one  can,  with  impunity,  approach  another  sick  with 
intermittent  fever;  but  it  is  also  known  that  a residence  in  certain  places 
is  dangerous,  so  that  the  cause  must  lie  in  the  ground  or  in  the  air.  Inter- 
mittent fever  is  decidedly  and  essentially  of  miasmatic  origin.  On  the 
other  hand,  in  measles,  scarlet  fever,  small-pox,  whooping  cough,  diphtheria, 
epidemic  parotitis,  as  well  as  in  syphilis,  the  ground  and  ait  do  not  trans- 
port these  diseases;  he  only  becomes  sick  with  measles  who  has  been  near 
another  sick  with  measles,  and  he  only  with  syphilis  who  has  come  in  im- 
mediate contact  with  an  individual  affected  with  syphilis.  These  diseases 
are  of  a decidedly  contagious  nature. 

In  a wider  range  ot  diseases,  however,  as  cholera,  typhoid  fever,  etc.,  it 
is  not  to  la*  decided  whether  they  are  propagated  in  one  or  the  other  way, 
or  ill  both  ways.  In  these  diseases  both  ways  of  propagation  have  been 
observed,  and  on  that  account  are  called  miasmatic-contagious.  It  is  be- 
lieved that  the  jioisoii  arising  by  the  disease  is  developed  not  only  in  the 
body  of  the  sick  person  itself,  but  also  in  the  clothes,  etc.,  or  in  his  room, 
in  the  privy,  in  the  lloor,  etc.,  is  developed  or  multiplied,  and  only  then  is 
received  by  others.  The  diseases  thus  arising  are,  typhoid  fever,  cholera, 
yellow-fever,  the  plague,  hospital-gangrene,  dysentery,  influenza,  pyaemia,  and 
puerperal  fever,  perhaps  also  facial  erysipelas  and  cerebro -spinal  meningitis. 
But  this  assumption  has  lately  been  contested. 

The  acute  exanthemata  (small -pox,  scarlet  fever,  measles)  are  exquisitely  con- 
tagious diseases.  Hut  whether,  in  a place  where  a great  number  are  taken  sick,  the 
separation  of  the  healthy  is  of  service,  it  is  as  yet  hardly  safe  to  determine,  but  it  is 
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at  the  least  improbable.  The  latter  especially  is  in  accordance  with  the  experience 
of  I’an cm  in  measles  ( 1 irch.  Arch.,  1847,  I.,  p.  41)2).  He  observed  an  epidemic  of 
measles  in  the  Faroe  Islands,  which  raged  from  April  to  October  in  184(5,  and  which 
attacked  over  (5,000  of  the  7782  inhabitants.  For  sixty-five  years  measles  had  not 
been  known  on  those  islands,  which  is  explained  by  the  fact  that  the  islands  were 
almost  shut  out  from  the  rest  of  the  world  by  a commercial  monopoly,  and  that  the 
seventeen  inhabited  islands  and  their  cantons  have  very  little  intercourse  with  one 
another.  I’anum  here  many  times  determined  that  measles  only  was  communicated 
by  immediate  intercourse  with  those  sick  of  the  same  disease;  in  a few  cases 
indirectly  (through  the  clothes). 

In  England,  since  the  researches  of  Will  AN  and  Bright,  erysipelas  has  been 
regarded  as  a contagious  disease. 

Typhoid  fever  and  cholera  are,  according  to  the  common  view,  contagio-mias- 
m A tic  diseases.  They  spread  through  those  sick  with  the  disease,  or  by  objects 
which  have  been  used  and  have  become  infected  by  them  : thus  they  are  contagious. 
For  the  first  cases  of  sickness  in  a community  are  often  those  of  persons  who  have 
had  direct  intercourse  with  the  sick.  But  very  often  also  they  are  seized  who  had 
not  stood  in  the  least  direct  relation  with  the  sick,  hut  who  live  upon  the  same  soil 
as  the  sick,  or  who  had  drunk  tiie  water  infected  by  the  soil ; this  is  miasmatic  pro- 
pagation. Then  outside  nature  furnishes  the  route  of  the  poison  from  the  first  sick 
person  t«  its  new  sphere  of  activity. 

Some,  especially  PlCT'l'KN  KoKKR,  will  not  accept  the  idea  of  contagio-miasrnatic 
diseases.  Many  of  the  diseases  in  question  are  by  P.  included  among  the  transport- 
able miasmatic  diseases,  especially  cholera,  typhoid  fever,  yellow  fever.  These  have 
their  seat  not  in  the  human  body,  as  eg.  syphilis  and  small-pox,  but  in  the  same  local- 
ities ; they  are  not  a production  of  the  body,  but  of  a certain  locality,  etc.  ; their 
poison  is  taken  up  from  their  localities  like  the  poison  of  malaria.  The  spread  of 
cholera  in  Bavaria,  Th  .ringen,  Saxony,  etc.,  shows,  according  to  I\,  that  the  epi- 
demically affected  places  of  a country  are  not  connected  bylines  of  commerce,  but  by 
drainage  and  character  of  the  soil.  Mott  has  lately  shown  the  same  of  yellow  fever. 

According  to  P KTTKNKOii-.it  {'/.  f.  I HU.,  1872,  VIII.,  ]>.  4U2),  small-pox  is  a much 
more  contagio-iniasmatic  disease  than  cholera,  etc.  ; its  varying  frequency  can- 
not be  explained  merely  by  the  contagium  always  present,  and  the  change  in  the 
individual  disposition  of  the  population.  The  infectious  material  may  be  propagated 
and  increase  also  outside  of  the  organism,  in  the  substrata  of  the  surrounding  soil, 
i.  e. , miasmatically.  P.  appeals  for  confirmation  especially  to  the  researches  of 
Mact’UKKSON  (Cholera  in  it*  Home.  German  by  Vei.tkn,  18»'<7).  M.  found,  that  in 
small -pox  in  Calcutta,  in  twenty-nine  November  months  fewest  (1752)  died;  in  the 
March  months  most  (4,!). 54),  that,  besides,  the  difference  in  the  yearly  frequency  was 
almost  one  hundred  times  greater  in  small-pox  than  in  cholera. 

Pkttkn  kokku’s  views  with  respect  to  typhoid  fever  are  opposed  by  Bikhmkk  ( l eh. 
EttM.  it.  V rbreil.  tl.  Abdomiiuiltyjthu*.  Volkm.,  Klin.  I'ortr.,  No.  54).  Typhoid 
fever  according  to  11.,  is  contagious,  and  is  transmissible  through  the  sick  and  their 
linen  smeared  by  their  dejections.  It  is  regenerated  in  the  intestinal  canal  and  spread 
through  those  affected  or  multiplies  in  the  soil,  in  latrines,  etc.,  and  spreads  thence 
through  the  air,  or  drinking-water. 

Laymen,  and  even  many  physicians,  still  further  extend  the  conception  of  infec- 
tion. Besides  contagious,  miasmatic  and  miasmatic-contagions  diseases,  they  here 
include  : 1.  Many  diseases  which  not  infrequently  attack  several  members  of  a 
family,  at  a more  or  less  fixed  period  of  their  lives,  and  in  whom  an  inheritance  cer- 
tainly or  probably  exists  : tuberculosis,  scrofulosls,  cancer,  gout,  rheumatism,  hys- 
teria, affections  of  the  mind,  etc.  2.  Many  diseases  or  appearances  of  disease,  which 
arise  from  a kind  of  imitation,  especially  in  children  and  women  : gaping,  coughing, 

( whooping-cough  ?),  convulsions,  etc.  75.  The  so-called  parasites,  animal  and  vege- 
table. 4.  The  zoonoses,  so-called  (madness,  hydrophobia — gangrene  of  the  spleen, 
and  carbuncles,  anthrax  and  malignant  pustule — glanders  and  farcy,  mailt  >ut  hm/iuln* 
el  fiiraiininotnitt),  in  which  there  is  a transference  between  individuals  of  different 
species,  and  for  the  most  part  from  animals  to  man.  5.  The  so-called  purulent-con- 
tagious diseases,  i.e.  those  contagious  affections  in  which  pus  is  the  bearer  of  the 
contagium,  which  adheres  only  to  certain  organs,  and  always  gives  rise  to  only  local 
difficulties  (gonorrhoea,  ophthalmia  of  the  new-born,  Egyptian  ophthalmia). 

BotJCHUT  ( Wien.  Wochemdhr .,  18b  1,  Nr.  44)  and  it  km  a k (Med.  Central- Ztg. , 
18bl,  Nr.  87)  add  to  the  present  number  still  a NERVOUS  contagium,  which  should 
explain  the  spread  of  certain  diseases  of  the  nervous  system,  e.g.  chorea,  hysteria, 
epilepsy,  diseases  of  the  mind.  According  to  VinotriNIKR.  TourdkS,  etc.,  a miasm 
similar  to  that  of  intermittent  fever  is  the  cause  of  endemic  goitre,  which  miasm 
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Test  calls  bronchia.  It  is  distributed  sometimes  with  the  water  of  a region,  some- 
times with  the  air,  sometimes  with  both. 

The  infecting  agent,  the  specific  poison,  is  not  certainly  known  in  any 
contagious  or  miasmatic  disease.  Various  theories  have  been  brought  for- 
ward concerning  the  nature  of  this  poison.  < >f  these  the  so-called  parasitic 
theory  has  found  almost  universal  acceptance;  it  is  at  least  the  most  prob- 
able. But  investigations  carried  on  for  the  last  ten  years,  are,  in  spite  of 
all  the  declarations  of  observers,  not  yet  so  far  removed  from  doubt,  that 
the  assumption  of  a so-called  conUujiuin  animat um  can  be  regarded  as 
assured.  Formerly,  infectious  diseases  were  regarded  as  the  working  of 
purely  chemical  gaseous  products : so-called  fermentation  or  zymotic  diseases. 
.Many  phenomena,  especially  contagion,  are  explained  much  more  simply  by 
the  parasitic  theory  than  by  a chemical  theory.  Therefore  gaseous  sub- 
stances may  yet  always  be  influential  as  auxiliary  causes  of  infection. 
Thus  e.t/.  sewer-gases,  contaminated  well-water,  etc. 

On  tlie  other  hand,  in  a few  csj>ecially  contagious  affections,  the  bearers, 
vehicles,  of  the  contaffium  are  known.  In  syphilis  it  lies  in  the  pus  of  the 
ulcers ; in  small']*ox  in  the  serous  fluid,  which  is  found  in  the  vesicles 
before  the  development  of  pustules  ; in  measles  probably  in  the  tears,  in 
the  secretion  of  the  air-passages  and  in  the  serous  contents  of  little  vesicles, 
etc.  These  fluids,  «.{/.,  have  b>  n inoculated,  i.e.  introduced  under  the 
skin  of  healthy  men  and  animals  near  the  bloodvessels;  thereafter  the 
same  local  and  general  symptoms  have  appeared  in  the  same  succession,  and 
with  tolerable  regularity,  as  in  the  one  from  whom  the  virus  hail  been 
taken.  The  vehicles  of  the  miasmatic  diseases  art;  uot  at  all  known  ; those 
of  the  miasmatic-contagious  affections  only  partially.  Of  cholera,  typhoid 
fever,  and  dysentery,  tin;  dejections,  and  consequently  the  linen,  betiding, 
night-vessels,  syringes,  etc.,  may  be  the  bearers  of  the  contagium.  The 
same  is  true  of  diphtheria.  Here  the  deposits  on  the  mucous  membrane  of 
the  pa lat;>  and  throat  are  infectious. 

Syphilitic  pus,  the  tears  of  those  sick  with  measles,  etc.,  have  been  ex- 
amined in  every  way,  chemically  and  microscopically,  ami  no  difference  has 
been  found  to  exist  between  syphilitic  pus  and  non-syphilitic  pus,  which, 
inoculates!,  communicates  no  infection,  etc.  These  substances  have  been 
exposed  to  heat  and  cold,  and  have  been  treated  with  corrosive  sublimate, 
chlorine,  alkalies,  etc.  : their  power  to  infect  ceases  when  the  organic  ma- 
terials have  been  destroyed. 

According  to  Chauvkau  (Comjtt.  rend.  1871,  LXXIIL,  No.  2)  the  poisonous  sub- 
stance in  contagious  liquids  is  not  dissolved,  but,  as  also  in  the  air,  is  suspended  in 
form  of  small  particles. 

The  mode  of  origin  of  contagions  is  unknown,  and  probably  differs  in 
different  cases.  Of  many  contagions  it  has  been  assumed  that  they 
have  only  once  been  generated,  and  afterwards  have  been  propagated  from 
individual  to  individual,  or  that  in  vert'  rare  instances  they  had  been  gen- 
erated anew;  so-called  ]>ermanent  contagions,  conUigia  com municat i va,  >.g. 
small-pox,  syphilis,  measles,  cholera.  Of  others  many  believe  that  they 
always  arise  anew  (scarlet  fever,  and  exanthematous  typhus,  and  typhoid 
fever),  but  then  spread  epi-  or  endemically.  This  assumption  is,  however, 
not  necessary  to  the  explanation  of  the  phenomena.  The  mode  ol  origin  of 
miasmata  is  likewise  little  known. 

Contagions  have  a certain  duration,  as  well  ns  the  ability  to  act.  near  by 
and  at  greater  distances.  The  duration  of  the  material  of  infection  has 
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l)i‘on  denoted  by  the  term  tenacity , in  so  far  as  it  adheres  for  a length  of 
time  to  its  bearers.  Lymph  from  cow-pox  can  be  kept  in  a dried  state  for 
a year  and  longer  without  losing  its  power  to  infect  when  inoculated.  This 
tenacity  appears  to  be  longer  preserved  by  the  receiver  being  kept  from  the 
air.  In  exanthematous  typhus  it  has  been  observed  that  in  rooms  in  which 
those  affected  with  the  disease  had  lain,  and  which  had  stood  empty  for 
more  than  seven  months,  the  next  occupants  were  affected  w'ith  the  same 
disease.  The  same  has  been  observed  of  cholera. 

\\  i tli  respect  to  the  manner  of  propagation,  contagions  are  distinguished 
as  fixed  and  transient  (contagia  fixa  ml  per  contact  inn,  and  contagia  hnli- 
tuosa  vel  fv.hr ilia).  In  the  former  are  those  substances  which  are  the  media 

of  infection,  the  so-called  vehicles  of  contagion,  fluid  or  more  or  less  solid 
(pus,  etc.);  in  the  latter,  gaseous  bodies  (expired  air,  perspiratory  vapors). 
The  former  act  only  by  immediate  contact  or  by  inoculation  of  the  peculiar 
product  of  disease ; the  latter,  directly  or  indirectly,  at  a greater  or  less 
distance. 

Fixed  contagions  are  found,  especially  in  syphilis,  which  become  con- 
tagious only  by  the  most  immediate  contact  with  the  similarly  sick ; in  the 
same  manner,  also,  by  inoculation  with  syphilitic  pus, — in  both  cases  only 
by  wounding  the  skin  or  mucous  membranes.  The  contagions  of  measles, 
scarlet  fever,  small  pox,  whooping-cough,  cholera,  and  of  exanthematous 
typhus,  are  transient. 

In  what  concentration  of  the  contagion,  anil  at  what  distance  infection  follows,  is 
questionable.  Usually  a short  stay  in  the  sick-room  is  sufficient;  or  even  in  the 
adjoining  rooms,  in  measles,  small-pox,  probably  typhus  fever,  and  cholera.  In 
other  diseases  sometimes  only  a short  stay  in  the  sick-room  is  necessary  for  infec- 
tion, sometimes  the  latter  results  only  after  longer  contact  with  the  sick  (exanthemat- 
ous and  abdominal  typhus,  by  which  physicians  and  nurses  especially  are  attacked). 

A mother  can  convey  an  infectious  disease,  e.<j.  variola,  to  the  f u;tus  she  bears, 
without  being  affected  by  the  disease  herself. 

With  respect  to  diphtheria  there  are  many  mysterious  circumstances.  According 
to  Baktei.8  ( 1) . Arch.  f.  kiln.  Med. , 18(17,  i.  p.  867),  its  spread  does  not  result  like 
that  of  the  acute  exanthemata  from  the  transmission  of  a contagion  from  person  to 
person,  or  it  is  at  the  least  in  this  manner  w'holly  exceptional.  In  hospital  B.  has 
never  seen  an  instance  in  which  the  contagion  had  been  communicated  to  an  occu- 
pant of  a neighboring  bed  or  room.  On  the  other  hand,  the  most  striking  circum- 
stance is  the  persistence  of  the  disease  in  localities,  which  likewise  distinguishes  it 
from  the  acute  exanthemata. 


Doubtless  in  transient  contagions  a mediate  infection  is  also  possible,  i.e. 
through  substances  which  bad  been  used  by  the  sick  (clothes,  linen,  beds, 
furs,  etc.). 

In  several  of  Panu.m’s  examples  the  contagion  of  measles  had  been  conveyed  from 
a distance  in  clothes  which  had  been  worn  by  people  who  wrere  themselves  not  sus- 
ceptible of  the  contagion,  once  after  traveling  a distance  of  four  miles  in  an  open 
boat  in  stormy  and  rainy  weather.  The  same  has  been  observed  in  small-pox, 
cholera,  typhoid  fever,  scarlatina.  Cholera  and  typhoid  fever  are  more  surely  infec- 
tious if  their  dejections  have  been  for  a long  time  exposed  to  the  air.  dried  in  the  linen, 
etc. : hence  the  frequency  of  sickness  of  washerwomen,  etc.  This  is  of  importance, 
on  the  one  hand,  because  the  physician  can  become  the  means  of  transmitting  the 
infection ; on  the  other  hand,  with  respect  to  measures  in  general  for  protection.  It 
has  also  been  justly  asserted  that  puerperal  fever  can  he  transmitted  to  a lying-in 
woman  from  one  * suffering  from  that  disease,  by  healthy  persons  (midwives  and 
physicians). 

Individual  contagious  diseases  (e  g.  the  common  chicken-pox)  have  a fixed  and 
transient  contagion.  The  inoculability  of  measles  (Home,  Spekanza,  Catona, 
Mayk),  and  of  scarlet  fever  (U.  Simon)  has  not  yet  been  certainly  demonstrated. 
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The  reception  of  contagions  takes  place,  according  as  they  are  fixed  or 
transient,  either  through  the  skin  and  adjacent  mucous  membranes,  or 
through  the  lungs. 

Infection  takes  place  through  the  skin  and  mucous  membranes  in  syphilis,  cow- 
pox  and  small  pox  ; in  the  former,  accidentally  or  by  experiment ; in  the  second, 
purposely  by  inoculation;  in  the  third  in  the  same  manner,  although  now  no  longer 
practised.  Whether  an  accidental  or  experimental  wound  of  the  skin,  and  especially 
of  the  mucous  membrane,  is  in  all  cases  necessarj',  is  questionable  in  syphilis  and 
cow-pox,  but  very  probable.  Infection  takes  place  through  the  lungs,  perhaps  also 
through  other  mucous  membranes  and  the  skin,  in  measles,  scarlet  fever,  small-pox, 
whooping-cough,  cholera,  typhoid  fever ; the  exhalations  being  direct  from  the  sick, 
as  well  as  mediate  from  the  clothes,  etc. 

Many  contagions  are  probably  received  at  one  time  by  the  organs  of  respiration,  at 
another  time  by  those  of  digestion  (drinking-water);  e.g.  that  of  typhoid  fever. 

Kf  ( UKN M kistkk  kept  a sheep  for  an  hour  in  a sack  with  a shirt  which  a person 
sick  with  small-pox  had  worn,  the  pock  being  then  in  the  stage  of  umhilicated  vesicle. 
The  sheep  lost  its  desire  for  food,  etc.,  on  the  fifth  day,  and  on  the  eighth  day  there 
appeared  a well-marked  eruption  on  the  inner  surface  of  the  npper  part  of  the  thigh. 

Concerning  meat  and  milk  as  bearers  of  the  infectious  matter  of  tuberculosis,  vide 
infra. 

Concerning  milk  as  a vehicle  of  the  infectious  matter  of  typhoid  fever,  consult 
B.vi.r.AKD  {On  a hyr.nl  Outbreak  of  Typhoid  Fever  in  Islington,  traced  to  the  L'*c  of 
Impure  Milk.  London,  1871 ). 

While  with  respect  to  contagions  it  is  assumed  that  they  act  by  means  of 
an  exceedingly  small  quantity  of  infectious  material,  a certain  quantity  of 
it  is  held  to  be  necessary  in  miasmatic-contagious  and  purely  miasmatic 
diseases,  anil  it  is  believed  that  the  latter  are  dependent  upon  the  quantity  of 
this  material.  On  this  account  miasmatic-contagious  and  miasmatic  diseases 
spread,  especially  when  the  miasm  accumulates  in  the  so-called  foci  of  infec- 
tion, e.g.  by  crowding  the  sick  in  close,  badly-ventilated  localities,  by 
privies,  etc. 


These  considerations  are  of  importance  with  respect  to  quarantine,  which  in  con- 
tagious diseases  (e.g,  measles,  small-pox,  also  yellow  fever  and  cholera)  is  of  the 
highest  service,  iudeed  often  furnishes  absolute  security,  but,  on  the  contrary,  in 
miasmatic  diseases  is  injurious. 

In  what  stage  of  contagious  disease  the  contagion  is  generated,  i.r.  when 
the  infection  has  reached  its  greatest  power,  is  only  imperfectly  known : in 
the  acute  exanthemata  before  and  during  the  eruptive  stage,  in  typhoid 
fever  and  cholera  probably  during  the  period  of  profuse  diarrhoea. 

In  measles,  infection  reaches  its  greatest  power  during  the  eruptive  stage  and  the* 
stage  of  efflorescence,  while  during  the  period  of  incubation  and  during  the  prodromal  * 
stage  and  that  of  desquamation,  especially  the  former,  the  disease  cannot  spread.  In 
cow-pox  the  lymph  is  most  active  from  the  sixth  to  the  ninth  day.  The  duration  of 
activity  is  much  longer  with  proper  preservation.  Small-pox  and  syphilis  are  infec- 
tious as  long  as  pus  is  secreted  in  their  pustules  or  ulcers.  In  what  stages  of  the 
miasmatic-contagious  diseases  infection  is  most  powerful,  is  not  yet  known  ; in  indi- 
vidual diseases,  probably  during  the  period  of  active  diarrhoea  or  of  diarrbcea  gener- 
ally (cholera,  dysentery,  typhoid  fever i.  With  respect  to  cholera,  it  is  certain  that 
not  merely  those  sick  with  cholera,  but  those  suffering  from  a choleraic  diarrhoea 
and  not  prevented  thereby  from  going  about,  traveling,  etc.,  can  protract  the  disease. 
They  do  not  need  even  later  to  have  cholera  proper,  while  those  infected  may 
become  sick  with  the  fully-formed  disease.  Especially  is  this  shown  where,  without 
the  least  intercourse  with  the  sick,  they  have  taken  cholera  who  had  handled  and 
washed  linen  smeared  with  choleraic  dejections;  and  where  a person  afflicted  with 
choleraic  diarrhoea  leaves  cholera  in  the  house  in  which  he  had  passed  the  night,  or  a 
much  shorter  time.  (PETTENKOFEtt). 
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In  most  oases  of  contagious  or  miasmatic  disease  (lie  specific  poison  does 
not  suffice  to  bring  forth  the  disease,  but  there  must  be  causes  to  assist  the 
poison  in  reaching  its  development  and  full  effect.  In  individual  contagious 
diseases  these  auxiliary  causes  may  be  wanting,  pjj.  in  measles  and  syphilis. 
In  others,  on  the  contrary,  they  are  essential:  as  in  cholera  and  yellow 
fever.  These  auxiliary  causes  are  partly  local  (e.r/.  the  soil,  fluctuations 
in  the  ground- water,  various  relations  of  privies);  they  are  partly  depend- 
ent on  the  season  of  the  year  (quantity  of  atmospheric  precipitation). 

Griesinger  first  distinguished  in  cholera  the  specific  causes,  capable  of  spreading 
from  one  place  to  another,  the  cholera  poison,  and  the  auxiliary  causes,  i.e.  those 
forces  which  promote  and  advance  the  operation  of  the  poison."  Consult  also  the 
remarks  below  respecting  epidemics. 


Contagious,  miasmatic,  and  miasmatic-coutagious  diseases  exhibit  a num- 
ber of  modifications,  which  with  equal  clearness  and  independence  do  not 
belong  to  other  and  non-infections  diseases.  These  modifications  relate  to 
greater  or  lesser  epidemic  or  endemic  propagation,  to  the  intensity  and 
severity  of  individual  cases  of  disease  (mild  or  malignant  measles,  scarlet 
fever,  and  diphtheria ; abortive  typhoid  fever,  light  and  severe  forms  of 
exanthematous  typhus  and  typhoid  fever),  to  a sort  of  exclusion,  or  in- 
versely, to  alternating  occurrence,  etc.  They  are  especially  found  in  all 
imperfectly  developed  infectious  diseases,  the  abortive  cases,  so-called. 
These  modifications  are  most  prominent  in  small  pox  (variola  vera  and 
varioloid),  in  scarlet  fever,  diphtheria,  and  typhoid  fever. 

Varicella,  regarded  by  some,  especially  Hebra,  as  a modification  of  variola,  is  de- 
termined to  be  an  independent  disease  (Thomas,  Vetter).  Analogous  condi- 
tions probably  occur  also  between  diphtheria  and  many  like  affections  of  the  throat. 

In  every  case  an  especial  individual  disposition  is  necessary  for  the 
breaking  out  of  the  disease.  This  disposition,  for  many  diseases,  e.g.  measles 
and  small-pox,  is  a general  one.  Individuals  are  rarely  found  who,  in  spite 
of  contact  with  the  contagion,  remain  exempt,  without  a reason  for  it.  In 
other  affections  the  disposition  is,  from  as  unknown  causes,  much  less,  as 
in  cholera,  typhoid  fever,  scarlet  fever. 

It  is  not  yet  determined  whether  certain  kinds  of  employment  do  not 
grant  immunity  from  many  diseases.  Statistics  relative  to  this  point  are 
to  be  received  with  great  caution,  since  immunity  often  depends  upon  quite 
other  circumstances  than  the  want  of  a specific  individual  disposition. 

Healthy  and  strong  people  are  attacked  more  often  by  infectious  diseases 
than  (lie  weak,  sickly,  and  convalescent  (with  the  exception  of  exanthemat- 
ous typhus).  It  is  not  to  he  concluded  from  this  that  weakly  and  sickly 
persons  do  not  die  more  easily  when  they  are  once  taken  sick.  In  other 
diseases  the  difference  is  not  perceptible,  or  the  inverse  appears.  With 
respect  to  age,  more  often  the  first  year  of  life  and  partly  the  oldest  age  are 
more  or  less  exempt  from  infection,  while  in  these  years  also  typhus  fever 
and  syphilis  readily  occur. 


Typhoid  fever  is  seldom  found  in  very  young  and  very  old  individuals,  most  often 
between  the  fifteenth  and  thirtieth  year.  Scarlet  fever  is  almost  confined  to  child- 
hood ; it  at  times  attacks  young  adults,  rarely  older  persons.  The  same  holds  true 
of  diphtheria.  True  varicella  occurs,  as  it  seems,  only  in  children,  chiefly  young 
children;  in  older  children  the  disposition  to  it  appears  to  have  been  lost. 
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A single  attack  of  the  disease,  in  many  contagions,  affords  almost  com- 
plete security  from  another  attack : small  pox,  measles,  scarlet  fever, 

whooping-cough,  yellow  fever,  perhaps  also  syphilis.  In  frequent  epidemics 
of  these  diseases,  only  those  of  the  population  become  affected  whose  birth 
dates  after  the  occurrence  of  the  last  epidemic ; in  the  remainder,  the  dis- 
position has  been  eradicated  by  a previous  attack  of  the  disease.  It  is  so 
especially  in  measles. 

According  to  Pan' or.  of  the  0,000  sick  with  measles  in  the  Faroe  Islands,  not  a 
person  was  attacked  a second  time.  Ninety -eight  old  people  who  had  had  measles  in 
their  yonth,  remained  exempt.  In  the  epidemic  of  yellow  fever  at  Gibraltar,  in 
1828,  of  the  0.000  sick  there  was  not  a well-authenticated  case  of  second  attack. 
Only  in  recurrent  fever,  two  or  more  attacks  not  infrequently  occurs.  In  scarlet 
fever  and  small  pox  this  likewise  occurs  but  rarely. 

Two  similar,  or  different  forms  of  contagion  may  appear  at  the  same  time 
in  one  and  the  same  individual  : cow-pox  and  measles,  scarlet  fever  ami 
measles,  typhoid  fever  and  cholera,  chicken-pox  and  scarlet  fever,  typhoid 
fever  ami  malaria,  measles  and  malaria,  variola  vera  and  cow-pox.  The 
susceptibility  to  a contagion  is  destroyed  by  inoculation  with  a modification 
of  the  same  contagion:  srnstll-pox,  syphilis. 

The  event  OF  infection  is  very  seldom  accompanied  bv  special  sub- 
jective or  objective  symptoms.  In  individual  severe  attacks,  many  have 
observed  in  themselves  vertigo,  loo  of  strength,  chills,  nausea. 

Between  the  time  of  infection  and  the  first  outbreak  of  the  disease 
proper,  is  a stage  in  which,  in  moat  cases,  the  attacked  act  like  healthy  per- 
sons and  feel  well — in  rare  cases,  symptoms  of  general  prostration  appear  : 
the  STAGS  OF  latenc  y,  on  OF  INCUBATION.  The  duration  of  this  stage 
varies  in  different  diseases ; besides,  in  a few  only,  is  it  exactly  known.  The 
knowledge  of  this  period  is  of  great  practical  importance. 

In  measles  the  duration  of  incubation  is  usually  from  9 to  1 1 days,  seldom  longer,  to 
the  beginning  of  the  typical  fever.  According  to  B vrknsphcno  {Anna'en  dvr  Criariti, 
1860,  IX..  p.  10-!|,  small -pox  has  the  same  period  of  incubation.  The  incubative 
period  of  yellow  fever  may  be  only  of  one  day's  duration,  or  it  may  extend  to  several 
days,  or  even  to  three  weeks.  That  the  period  of  incubation  of  cholera  lasts  at  least 
one  week,  is  shown  when  sailors  have  first  become  sick  with  cholera  seven  days  after 
leaving  sea  port  towns  in  which  cholera  was  present.  Usually,  however,  it  lasts 
longer,  f»r  the  most  part.  two.  even  three  weeks,  and  longer.  (Consult  Pkttf.n- 
kokkk,  f.V.Vr  Cholera  nu  f Svhiff-u  und  den  ZtrveJc  dvr  Quarantainen.  />.  VtljueAr. 
f.  off.  Gemnd/uihnjlege,  1872,  IV.,  p.  1.)  The  period  of  incubation  of  typhus  fever 
lasts  about  eight  days.  According  to  some  observations  of  BARTKL8  and  others,  the 
incubative  period  of  diphtheria  (or  croup)  occupies  three  days — at  least,  in  eases  aris- 
ing exceptionally  through  contagion.  In  syphilis,  where  the  cases  are  those  of  soft 
chancre,  then*  is  probably  no  incubation  ; but  in  cases  of  hard  chancre  there  is  a 
probable  incubation  of  28  days  (Babknrprcng.  etc.). 

The  period  of  incubation  is,  furthermore,  different,  according  to  the  way  by  which 
tee  poison  enters  the  body : thus  in  vaccina  and  variola;  perhaps  also  in  typhoid 
fever. 

The  inoculation  of  certain  contagious  diseases  deserves  special  mention. 
It  is  naturally  only  possible  in  those  which  have  a fixed  material  of  infec- 
tion (measles,  small-pox,  diphtheria,  syphilis,  plague).  It  is  not  only  the- 
oretically, but  also  practically  of  the  greatest  importance. 

Inoculation  against  small-pox,  as  is  known,  has  been  employed  since  the  time  of 
Jen  NEK  only  a«  a means  of  individual  protection.  It  is  nowadays  no  longer  done  by 
transporting  the  contents  of  the  pustules  of  variola  vera,  but  always  by  using  the 
lymph  of  vaccina,  or  cow-pox. 
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VACCINATION  : INOCULATION. 


Whether  by  the  general  introduction  and  legally  ordered  cow-pox  inoculation, 
other  contagions,  as  syphilis,  can  also  be  communicated  with  it,  a question  proposed 
by  a general  hoard  of  health  has  called  forth  various  opinions.  VlRNNOis (Arch.  yen. 
dr  vied.  1800.  June,  July,  September)  reached  the  following  conclusions:  If  a person 
be  vaccinated  with  clean,  pure  vaccine  matter  unmixed  with  blood,  from  a syphilitic 
person,  nothing  but  cow-pox  results,  without  earlier  or  later  syphilitic  complication. 
If,  on  the  contrary,  in  the  act  of  vaccinating  a healthy  individual  with  vaccine  mat- 
ter from  a syphilitic  person,  whether  constitutional  symptoms  be  present  or  not,  the 
point  of  the  lancet  becomes  spotted  with  blood,  then  boih  diseases  can  be  transmit- 
ted : vaccina  with  the  vaccine  matter,  and  syphilis  with  the  syphilitic  blood.  In 
these  cases  vaccina  is  developed  first,  because  it  has  a shorter  stage  of  incubation 
and  a quicker  development ; the  latter  appears  later,  and  reveals  itself  at  the  point 
of  vaccination.  An  ulcer  appears  here  with  hard  borders  and  manifold  glandular 
swellings. 

During  rhe  last  ten  years  many  striking  examples  have  occurred  of  transmission  of 
syphilis  by  vaccination.  In  Rivalta  in  Sardinia,  within  six  weeks,  of  sixty-three 
children  vaccinated  forty-six  became  syphilitic  through  the  use  of  impure  lymph 
(Om.  mail.  Ital .,  4 Nov.,  1861).  A similar  thing  happened  in  Hungary  (G  eattkk  in 
(Estr.  Ztechr.  f.  prnkt.  lleiUc . , 1862,  Nr.  4)  : the  grandmother  of  a child,  from  whom 
the  others  were  vaccinated,  a midwife,  was  syphilitic.  In  the  children  which  were 
vaccinated  the  cow-pox  passed  into  phagedenic  ulcers,  followed  by  the  appearance 
of  condyloinata  around  the  anus  and  by  affections  of  the  mouth.  Farther  on,  the 
mothers,  and  finally  the  fathers,  became  syphilitic,  so  that  two  years  later,  in  a 
region  numbering  (550  inhabitants,  seventy-two  were  syphilitic. 

Experimentation  by  inoculation  with  the  blood  or  secretions,  especially  the  dejecta, 
of  those  sick  with  cholera,  has  as  yet  furnished  no  decided  results.  On  the  other  hand, 
it  appears  certain  that  animals  which  hail  eaten  the  excreta  of  oholera,  not  infre- 
quently, on  that  account,  sickened  and  died  (Lindsay,  Thiersch,  J.  Mkykii). 

The  same  theoretical  and,  in  part,  practical  importance  has  of  late  attached  itself  to 
inoculation  also  in  syphilis.  With  reference  to  the  former,  the  two  syphilitic  poisons 
have  been  used : inoculation  with  the  secretion  of  a hard  chancre  succeeds  only 
in  healthy  individuals,  not  iu  those  who  already  have  a hard  chancre  or  secondary 
syphilis,  and  gives  rise  to  pustules,  and  subsequent  secondary  syphilis  ; on  the  other 
hand,  inoculation  of  the  secretion  of  soft  chancre  succeeds  also  in  individuals  with  hard 
chancres  or  with  secondary  syphilis  : it  gives  rise  to  only  local  symptoms,  at  the  most 
to  inflammation  of  the  lymphatic  glands,  never  to  secondary  syphilis.  In  soft  chan- 
cre the  incubation  period  is  very  short,  in  the  hard  variety  its  duration  is  about  one 
month.  This  similarity  between  vaccine  and  soft  chancre  on  the  one  baud,  and 
between  variola  and  hard  chancre  on  the  other,  as  well  as  many  other  relations  not 
here  discussed,  affords  a reason  for  the  inoculation  of  syphilis,  not  merely  on  theoret- 
ical and  diagnostic  grounds,  but  also  for  the  purpose  of  cure : either  to  cure  only,  or, 
indeed,  for  the  purpose  of  preservative  or  preventive  syphilization  (Auzias-Tukennk, 
Makciial  ds  Cai.vi,  Spehino,  Bokck).  The  former  was  tried  only  with  the  syph- 
ilitic, while  the  latter  should  be  extended  to  all  men  to  prevent  primary  and  secon- 
dary syphilis. 

Bkktunxkau,  H ERF  IN,  and  others  include  diphtheria  also  among  the  inoculable 
diseases.  And  yet  the  practice  of  inoculation  would  be  of  no  value,  since  diphtheria 
can  attack  the  same  individual  several  times,  and  since  inoculation  does  not  ensure 
a mild  grade  of  the  disease. 

Iu  measles  and  scarlet  fever  inoculation  has,  until  now,  been  undertaken  only  for 
theoretical,  not  for  practical  reasons.  The  inoculated  disease  was  much  lighter  than 
that  occurring  in  the  usual  manner. 


The  special  symptomatology  of  infectious  diseases  belongs  to  special  pa- 
thology. In  general  the  symptoms  begin  in  contagious  diseases,  sometimes 
at  the  point  of  reception  of  the  contagium  (pain,  redness,  exudation),  some- 
times as  a general  sickness.  All  diseases  of  this  class  are  accompanied 
partly  by  high  fever,  partly  by  affections  of  definite  tissues  ami  organs, 
especially  of  the  skin  and  mucous  membranes  (contagious  diseases),  as  well 
as  of  glandular  organs,  and  copious  evacuations,  or  by  both.  Tlie 
course  also  of  most  febrile  contagious  and  miasmatic  diseases  is  much 
more  regular  than  in  other  diseases  ; iu  all  acute  febrile  infectious  diseases 
it  is  stamped  with  a cyclical  character. 
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With  respect  to  contagions  and  miasms,  their  geographical  distribution, 
as  well  as  the  influence  which  social  relations  exert  upon  their  occurrence, 
are  of  great  importance.  All  these  circumstances  are  important,  because 
they  furnish  information  concerning  the  possible  nature  and  cause  of  origin, 
especially  of  miasmatic  and  miasmatic-contagious  diseases. 


Acute  contagious  diseases  are.  as  it  seems,  spread  over  the  whole  earth,  and  inde- 
pendently of  circumstances  of  race,  climate,  soil,  etc.  The  geographical  distribution  of 
small  pox  is  essentially  dependent  upon  the  extent,  to  which  vaccination  is  practised. 
Diphtheria  more  often  occurs  in  damp  and  swampy  localities.  Many  miasmata  o- 
contagious  diseases,  t.tj.  yellow  fever,  cholera,  typhoid  fever,  are  more  or  loss  depen- 
dent upon  the  circumstances  already  alluded  to.  Thus,  e.g.  cholera,  also  typhoid 
fever,  arise  upon  a porous  (alluvial)  soil,  and  apparent  exceptions  are  explained  by 
the  fact  that  the  rocky  substance  of  a locality  is  not  compact,  or  is  covered  by  a sur- 
face of  porous  soil.  Cholera  spreads  preferably  along  the  banks  of  rivers  ; yellow 
fever,  only  on  the  coasts  or  banks  of  great  navigable  streams.  Miasmatic  malarial 
fevers  predominate  on  plains,  their  intensity  and  propagation  being  proportionate  to 
the  moisture  of  the  soil  and  its  readiness  to  dry,  also  to  its  varying  moisture. 

The  influence  of  the  temper  aterk  ok  THIS  AIK  upon  contagions,  and  especially 
upon  miasmatic  and  miasmatic  contagions  diseases,  is  of  great  importance.  Thus, 
amongst  us,  malarial  fever  appears  in  the  spring  and  early  summer;  typhus  and 
typhoid,  in  late  summer  and  autumn;  cholera,  particularly  in  summer.  The  influ- 
ence of  the  seasons  corresponds  in  part  with  the  temperature,  and  yet  in  the:  estimate 
the  moisture  of  the  soil  and  of  the  air  arc  of  the  greatest  consequence.  Thus 
especially  in  cholera,  typhoid  fever,  and  intermittent  fever. 

Race  and  nationality  have  a decided  influence  on  certain  miasmatic-contagious 
diseases.  Especially  noteworthy  is  the  almost  complete  immunity  of  the  negro,  and, 
in  a less  degree,  of  the  mulatto  from  yellow  fever.  This  immunity  is  in  part  certainly 
dependent  upon  acclimation,  since  a long  residence  in  cold  regions  makes  the  negro 
also  susceptible  to  the  disease. 


The  influence  ok  acclimation  upon  the  miasmatic-contagious  diseases  is 
shown  in  high  degree  in  yellow  fever.  This  disease  occurs,  iu  those  regions  where 
it  prevails  endemically,  almost  exclusively  among  those  of  short  residence  or  the 
unacclimated ; while,  on  the  other  hand,  the  natives  are  almost  entirely  exempt. 
In  influenza  a complete  exemption  has  often  Wen  observed  in  the  uuaceli mated. 
The  opposite  has  beeu  observed  in  cholera,  <:  y,  in  Calcutta 

The  influence  ok  social  relations  ou  contagious  diseases  is  small — if  that  pro- 
tection is  excluded  which  the  wealthy  can  provide  themselves  with  by  a change  of 
residence,  or  by  complete  isolation  from  the  localities  of  the  epidemic,  by  vaccination 
in  small-pox,  and  by  the  various  measures  employed  against  syphilis.  That  influ- 
ence, however,  is.  in  most  miasmatic-contagious  dun-uses,  an  altogether  superior  one. 
Also  if  the  susceptibility  to  these  diseases  is,  ou  the  whole,  a general  one,  then  are 
individuals  in  unfavorable  circumstances,  etc.,  especially  concerned.  Thus  yellow 
fever  prevails  almost  exclusively  in  places  with  a crowded  population,  especially  in 
populous  cities,  while  the  country  people  and  even  those  of  the  immediate  neighbor- 
hood of  the  cities  are  exempt.  It  occurs  especially  iu  dirty,  badly-ventilated,  damp, 
narrow  streets,  and  which  ure  covered  with  animal  excre  ta,  with  high  houses,  and 
densely  inhabited  with  a poor  population.  Or.  here  it  spreads  farther,  is  more  malig- 
nant, and  remains  longer.  Cholera  attacks  preferably  the  poor,  needy,  and  strug- 
gling part  of  the  population,  the  wealthy  classes  participating  to  a proportionately 
small  extent,  except  in  the  severest  epidemics.  Typhus  fever  has  so  increased  among 
the  Irish  people  that  a!!  sanitary  measuies  have  until  now  been  insufficient  to  exter- 
minate it,  or  to  prevent-  its  developing  increasing  force,  so  that  it  clings  to  the  Irish 
emigrant  as  a curse,  and  follows  him  everywhere,  wherever  he  takes  with  him  the 
habitual  evils  of  the  life  of  the  lower  classes  of  his  home.  Social  evils  (war, 
failure  of  crops,  famine)  are  in  typhus  and  typhoid  fevers,  especially  the  former,  of 
great  influence.  Especially  is  this  true  of  Ireland,  where  typhus  fever  regularly 
appeals  after  failure  of  the  crops.  Thence  it  extends  into  the  English  and 
Scottish  cities,  where  the  lodging  houses  of  the  Irish  and  their  dirty  huts  aro 
crowded  together,  in  which  the  disease  never  dies  out.  and  from  which,  under 
favorable  circumstances,  it  radiates  to  a variable  extent-  into  the  neighboring  local i 
ties.  A similar  state  of  affairs  is  found  in  Italy,  in  Poland,  and  Upper  .Silesia,  iu  tho 
Laltic  provinces  of  llus-ia,  and  in  certain  districts  of  North-west  Germany.  * The  samo 


* Typhus  fever  has  occurred  in  the  principal  cities  of  the  United  Stales  (especially 
along  the  seaboard)  at  various  times  during  the  past  forty  years. — Kd.J 
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social  conditions  were  found  in  the  small  epidemics  in  Berlin,  Halle,  Leipzig,  etc.  ; 
among  the  troops  of  the  western  powers  during  the  Crimean  war ; and  in  isolated 
localities,  as  prisons,  hospitals,  institutions  for  the  poor,  etc.  Typhoid  fever  also  is 
observed  especially  often  in  damp,  narrow,  dirty  streets  and  houses,  in  an  atmosphere 
rendered  pestiferous  by  all  kinds  of  eflluvia,  in  over-populated,  old,  half-fallen  dwell- 
ings; occurring  sporadically  and  epidemically.  It  occurs  decidedly  more  often  in 
large,  over-populous  cities  than  in  the  level  country.  It  concerns  in  a special  manner 
the  immigrant  after  a few  months’  residence : the  so-called  acclimation  fever. 
During  the  last  ten  years  several  instances  have  been  communicated  where  it  has 
attacked  whole  streets  or  portions  of  a city,  etc.,  in  consequence  of  the  water  supply 
rendered  impure  by  infectious  tilth.  Social  evils  have  had  the  same  essential  inilu- 
ence  ou  the  Oriental  plague. 


An  important  pccnliarity  of  contagious  and  miasmatic  diseases  consists 
in  this,  that  many  appear  almost  entirely  in  a sporaiflc  manner,  while  others 
are  at  the  same  time  and  essentially  epidemic  and  endemic.  Those  diseases 
are  called  sporadic  which  attack  individuals  indejieuclently  of  time  and 
place.  On  the  other  hand,  those  diseases  are  called  epidemic  which  attack 
a number  of  persons  at  the  same  time,  i.e.  on  the  same  day,  within  the 
same  week  or  month,  and  in  t lie  same  manner.  If  the  pestilence  spread 
over  a whole  country,  or,  at  the  same  time,  through  a whole  population,  it 
is  called  pandemic,  if,  finally,  the  same  disease  be  often  repeated  in  one 
locality,  it  is  called  endemic. 

The  essential  cause  of  epidemic  diseases  is  partly  unknown  (e.ff.  conta- 
gions and  miasms)  and  partly  known.  But  we  must  not  claim  that,  in 
every  epidemic  its  essential  causal  condition  can  be  with  certainty  estab- 
lished. 

The  cause,  for  example,  is  known  of  the  epidemics  of  trichinosis  which 
have  lately  excited  so  much  investigation ; which  cause,  as  far  as  its  spread 
lias  been  observed  to  occur  in  a certain  locality,  lias  been  termed  endemic. 
More  or  less  known  also  is  the  cause,  by  cold,  etc.,  of  rheumatism,  pneu- 
monia, erysipelas,  whose  appearance  is  rightly  called  epidemic  when  they 
nifect  a large  number.  The  cause  of  many  epidemics  of  typhoid  fever  is 
likewise  known. 

Every  epidemic  shows  a period  of  increase,  of  full  development  or  height, 
and  of  abatement,  in  most  cases  the  increase  is  rapid,  the  height  is  soon 
reached,  while  the  stage  of  abatement  is  somewhat  prolonged.  After  its 
departure  the  disease  leaves  no  traces,  not  infrequently  disappearing  entirely 
for  many  years,  until  isolated  cases  suddenly  announce  the  beginning  again 
of  a new  epidemic  ; or,  during  the  pause  it  may  exist  in  single,  unconnected 
cases,  sporadically.  The  former  way  is  that  of  cholera,  usually  measles  also  ; 
the  latter,  that  of  scarlet  fever,  especially  in  large  communities,  as  well  as 
of  small-pox. 

The  duration  of  epidemics  proper  varies  greatly,  usually  not  less  than 
from  two  to  three  months,  and  seldom  exceeding  a half  year.  In  those  dis- 
eases which  are  at  the  same  time  endemic,  the  duration  is  longer  and  their 
return  frequent  and  almost  regular  yearly.  In  general,  the  duration  of  epi- 
demics is  longer  in  large  communities  than  in  smaller  localities,  because  of 
the  numerous  points  of  contact  of  the  cause  of  the  disease  with  individuals 
capable  of  infection.  This  applies  to  miasmatic  affections,  so-called,  but  in 
an  especial  manner  to  those  of  a contagious  nature.  The  duration  is  short 
in  epidemics,  e.ff.  of  measles  and  cholera,  longer  in  scarlet  fever,  small-pox, 
and  typhoid  fever. 

The  greater  number  of  epidemic  diseases  are  constitutional ; only  a few 
are  local  troubles.  Among  the  former  are  found,  e.ff.,  all  infectious  dis- 
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eases,  as  typhoid  fever,  cholera,  acute  exanthemata,  malarious  diseases. 
Fever  is  present  in  most  affections  which  appear  epidemically. 

The  spread  of  an  epidemic  takes  place  in  several  ways,  according  as  the 
disease  is  contagious,  or  is  not  contagious.  In  the  first  instance  there  are, 
often  under  the  influence  of  local  circumstances,  numerous  single,  more  or 
less  considerable  foci  of  contagion  from  which  the  disease  again  takes  its 
departure.  Thus  are  distinguished  the  epidemics  of  streets,  houses  and 
rooms.  The  disease  prevails  sometimes  toward  tin*  end  of  an  epidemic  in 
a part  of  a locality  altogether  different  from  that  in  which  it  began.  In 
the  second  instance,  the  individual  cases  are  scattered  about  in  the  affected 
population  without  such  order. 

An  epidemic  exists  in  one  community  only,  or  in  a few  neighboring  com- 
munities, but  in  its  greater  extension,  over  a whole  land,  it  is  called  a pan- 
demic. Pandemic  extension  is  often  seen  in  cholera,  malarious  diseases, 
sometimes  in  typhous  diseases,  diphtheria.  A pandemic  is  always  made  up 
of  numerous  separate,  large  and  not  contemporaneous  epidemics ; its  duration, 
therefore,  is  various,  but  is  for  the  most  part  very  long,  often  extending 
over  many  years. 

The  IMMEDIATE  CAUSE  of  the  epidemic  spread  of  many  diseases  is  al- 
most wholly  unknown.  A few  arise  in  abnormal  circumstances  of  the 
weather,  e.g.  bronchitis  and  pneumonia  in  seasons  with  frequent  raw  winds, 
troubles  of  the  digestive  organs  during  great  heat.  In  the  general  exten- 
sion of  the  influences  which  cause  sickness  can  be  found  the  cause  of 
numerous  cases  of  disease.  Again,  an  altogether  similar  weather  may 
exist  at  other  times,  and  yet  diseases  of  that  kind  do  not  appear  in 
greater  number.  There  must  also  be  something  present  which  is  essentially 
concerned  in  the  origin  of  the  affection.  Uthfw  diseases,  e.g.  measles,  gener- 
ally attack  only  once,  the  individual  permeated  bv  the  contagion  being  free. 
In  great  extensions  of  epidemics  of  measles,  there  remain,  after  the  de- 
parture of  the  disease,  only  a few  individuals  who  have  not  been  exposed  to 
the  cause  of  measles.  The  number  of  these  increases  in  the  following  years 
by  means  of  births,  and  thus  there  is  at  last  an  abundant  material  for  a 
new  epidemic.  Why  it  appears  at  one  time,  and  not  a few  months  or  a half 
year  earlier  or  later,  it  is  impossible  to  say.  Still  more  remarkable  is  the 
growth  into  an  epidemic  of  other  diseases,  e.g.  cholera.  Here  the  germ 
has  often  been  conveyed  into  a healthy  population  for  months  without 
especial  consequences,  until  suddenly  the  epidemic  breaks  out  and  runs  its 
usual  course,  while  in  other  localities  it  immediately  follows  the  first  case. 

1 rom  such  observations  it  follows  that  not  only  the  causes  of  disease  and 
the  individuals  to  bo  affected  are  necessary  to  the  rise  of  an  epidemic,  but 
also  that  there  are  necessarily  other  and  auxiliary  causes.  These  latter 
partly  influence  the  causes  of  disease,  partly  the  individuals,  partly,  and 
at  the  same  time,  both.  The  former  appear  to  increase  and  spread  by  tho 
agency  of  auxiliary  causes,  while  in  individuals  a change  of  the  constitu- 
tion hitherto  unknown  precedes,  in  consequence  of  which  operation  of  the 
cause  of  the  disease  is  possible.  Such  an  assisting  cause  we  rightly  assume 
to  exist,  for  example,  in  the  water  from  the  soil  for  typhoid  fever. 

I’ or  the  development  of  an  epidemic  of  cholera  there  must  he.  according  to  Pkt- 
1 i nkoi'eu  : 1.  An  inhabited  soil  permeable  to  water  and  air  to  the  depth  of  the 
underground- water.  2.  A fluctuation  in  the  moisture  of  this  stratum,  which,  in  the 
alluvium,  corresponds  to  the  varying  state  of  the  underground -water,  d urine  which 
the  time  of  the  falling  from  an  unusual  height  marks  the  time  of  danger.  A. 

I he  presence  of  organic  matters,  especially  those  having  their  origin  in  excrement, 
winch  matters  have  been  diffused  in  the  stratum  of  the  soil  susceptible  of  it.  4.  The 
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specific  germ  propagated  by  human  intercourse,  the  specific  cause  of  cholera,  the 
chief  bearer  of  which  is  the  intestinal  excrement  of  those  sick  with  choleraic  diarrhoea 
and  possibly  also  of  the  healthy  who  come  from  localities  infected  by  cholera. 
5.  A disposition  of  individuals  to  become  sick  with  cholera.  This  view  of 
Pbttenkofbb’s  has  recently  found  many  opponents  (Biehmku,  Sander,  and 
others). 

Bum.  has  shown  that  at  Munich  a sinking  of  the  soil  water  is  attended  with  an  in- 
crease in  the  number  of  those  sick  with  typhoid  fever  ; its  rise,  with  a diminution 
in  the  number  of  those  cases.  This  he  explains  in  this  way  : by  the  sinking  of  the 
soil-water  the  strata  of  the  ground  apt  for  the  generation  of  the  immediate  cause  of 
the  fever  comes  in  contact  with  the  air  of  the  surface,  through  which  air  the  inhabi- 
tants of  the  city  are  brought  in  contact  with  those  causes,  while  by  the  rise  of  the 
soil- water  the  contrary  takes  place.  Virchow  has  shown  the  same  for  Berlin  with 
respect  to  typhoid  fever. 

Typhus  fever,  recurrent  fever,  cholera,  are,  furthermore,  diseases  especially 
affecting  the  poor,  while  measles  and  scarlet  fever  affect  equally  the  rich  and 
the  poor.  Hence  it  appears  that  peculiarities  may  bo  generated  within  the 
body  through  favorable  and  unfavorable  external  circumstances,  which  are 
essentially  concerned  in  the  question  of  origin  of  sporadic,  and  especially 
also  of  epidemic  diseases. 

As  little  is  known  concerning  the  origin  of  epidemics,  so  also  do  we 
know  little  concerning  the  causes  of  the  considerable  fluctuations  during 
the  climax  and  stage  of  decline,  and  of  the  causes  of  various  degrees  of 
intensity  of  the  same  disease  in  the  course  of  a single  year.  It  not  infre- 
quently happens,  that  certain  days  exert  an  unfavorable  influence  by  their 
extreme  temperature  and  extreme  fluctuations  of  temperature,  or  by  other 
circumstances  of  the  weather,  e.g.  violent  rain-storms  or  thunder-storms, 
while  altogether  similar  circumstances  on  other  days  are  observed  to  be 
without  influence,  or  are  effective  in  an  apparently  opposite  manner.  With 
respect  to  this  nothing  certain  has  to  the  present  time  been  offered. 
Similar  relations  with  respect  to  the  course  in  individual  cases  are,  how- 
ever, also  restricted,  since  other  and  more  or  less  complicated  forces  always 
come  into  the  account.  Thus,  e.g.,  the  influence  of  the  season  of  the  year, 
the  influence  of  a hypothetical  qualitative  difference  (energy)  of  the  spe- 
cific cause  of  disease,  of  the  different  constitutions  of  individuals,  the  in- 
fluence of  certain  prophylactic  measures,  etc. 

The  extension  ok  epidemics  sometimes  fluctuates  in  a very  considerable 
and  apparently  capricious  manner.  This  is  seen  most  strikingly  in  the 
various  local  epidemics  of  cholera.  Measles  sometimes  appears  in  a very 
inconsiderable  epidemic,  to  appear  again  after  an  unusually  short  interval 
so  much  the  more  violent.  More  explicable  is  the  very  variable  intensity 
of  epidemics  of  intermittent  fever,  which  are  here  determined  by  the 
quantity  of  moisture  in  the  soil.  An  explanation  of  the  different  intensi- 
ties is  in  any  case  to  be  found  in  the  circumstance,  that  for  the  production 
of  an  epidemic,  not  only  one  but  several  assisting  causes  acting  in  the  most 
various  manner  are  necessary,  that  these  exist  at  the  same  time,  although 
not  necessarily  so. 

The  mortality  of  epidemic  diseases  is  as  changing  as  their  spread.  In 
some  epidemics  all  cases  recover,  in  others  the  percentage  of  deaths  is  very 
considerable,  and,  too,  without  any  definite  perceptible  cause  for  the  differ- 
ence. Thus  it  is  especially  in  scarlet  fever.  Some  authors  have  attempted 
to  explain  this  by  assuming  a double  cause  for  the  sickness,  assuming  a 
malignant  and  an  innoxious  form  ; nevertheless,  they  have  not  yet  been 
able  to  say  why  sometimes  the  one  form  prevails,  and  at  other  times  the 
other  form.  Perhaps  malignant  epidemics  are  to  be  explained  by  the 
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simultaneous  presence  of  unfavorable  influences  and  specific  material,  which 
affect  in  an  effective  injurious  manner  those  sick  through  the  prevailing 
epidemic.  Sometimes  a marked  spread  and  often  also  mortality  in  certain 
epidemic  diseases  (scarlet-fever,  diphtheria,  typhoid  fever)  are  confined  to 
single  families. 

Usually  they  are  the  most  severely  sick,  most  frequently  killed,  who  are 
attacked  during  the  first  half  of  the  epidemic  ; later,  there  is  an  abatement 
of  the  intensity  of  the  symptoms  of  the  disease.  And  yet,  indeed,  very 
severe  cases  not  infrequently  appear,  like  stragglers  of  an  epidemic. 

Many,  or  at  least  two,  epidemics  can  prevail  at  the  same  time  and  pos- 
sess a tolerable  intensity ; thus,  scarlet  fever  and  measles,  chiefly  the 
acute  exanthemata,  cholera  and  typhoid  fever,  cholera  and  intermittent  fever, 
whooping-cough  and  bronchitis.  At  other  times,  for  unknown  reasons, 
other  epidemic  or  non-epidemic  diseases  disappear  during  the  prevalence  of 
a single  specially  extended  epidemic,  to  reappear  again  after  the  departure 
of  the  epidemic.  The  tendency  of  a population  to  become  sick  seems  in  a 
certain  measure  to  be  destroyed  by  a great  epidemic,  for  not  infrequently 
after  its  departure  there  exists  a good  condition  of  health  for  a long  time. 
It  is  true  that  in  murderous  epidemics  (t’.y.  cholera)  this  may  depend 
upon  the  fact  that  many  sick  persons  have  been  swept  away. 

As  has  already  been  intimated  above,  the  prognosis  of  epidemics  of  one 
and  the  same  disease  may  be  very  different.  And  not  only  temporarily  can 
a considerable  difference  arise,  but  it  is  often  found  also  in  epidemics  which 
are  contemporaneous,  hut  affecting  different  localities.  It  has  been 
observed,  especially  in  measles,  that  the  disease  in  larger  places  which  have 
more  frequent  epidemics,  runs  a milder  course  than  in  smaller  places,  in 
which  it  appears  less  often. 

Prophylaxis  is  of  the  greatest  importance  in  epidemics.  The  aim  of 
adopting  public  measures  with  respect  to  this,  is,  on  the  one  hand,  to 
increase  the  ability  of  the  people  to  resist  injurious  causes  of  disease ; on 
the  other  hand,  to  destroy  them  and  render  them  harmless.  This  end  is 
reached  by  cleaning  and  ventilating  places  of  abode  ami  their  surround- 
ings, by  procuring  good  drinking-water,  by  supplying  the  poor  with  food 
ami  do  tiling,  by  disinfecting  side-rooms  and  the  linen  of  the  sick,  by 
rendering  innoxious  the  dejecta  which  are  often  the  bearers  of  the  causes  of 
sickness,  by  removing  the  sick  from  their  unfavorable  dwellings  into  prop- 
erly managed  public  hospitals,  by  separating  the  healthy  from  the  neigh- 
borhood of  the  foci  of  infection  and  by  destroying  such  foci,  etc. 

Endemic's,  under  which  form  disc-cmes  partly  acute  ami  partly  chronic 
appear,  depend  upon  local  peculiarities,  which  sometimes  are  the  char- 
acter of  the  soil,  sometimes  local  regulations  and  customs,  sometimes  they 
result  from  a certain  abnormal  quality  of  the  food  of  the  community, 
finally,  there  are  endemics  which  arise  from  no  known  causes.  Kn- 
deinic  diseases  appear  partly  sporadically,  and  sometimes  sporadically  and 
epidemically.  The  tendency  to  them  in  the  affected  localities  can  in  uny 
cuse  he  increased  by  anti-hygienic  conditions. 

The  soil  can  be  the  cause  of  an  endemic  by  being1  the  bearer  of  the  cause  of 
disease.  Thus  is  it  in  many  localities  with  tyjihoid  fever  in  the  fall,  and  in  the 
various  forms  of  malarial  disease,  cholera,  plague,  yellow  fever.  The  latter,  at  first 
endemic  in  a more  or  less  limited  district,  spread  out  later  beyond  their  confines  into 
extended  epidemics.  Cretinism,  goitre,  are  most  probably  endemic  through  the  nature 
of  the  soil ; both  stand  in  a relation  to  endemic  intermittent  fever. 

By  means  of  anti-hygienic  regulations,  typhoid  fever,  tuberculosis,  scrofula,  ns  well 
asantemin,  chlorosis,  rachitis,  have  almost  become  endemic  diseases  in  nearly  all  great 
cities. 
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An  abnonna)  condition  of  corn  is  the  cause  of  Pellagra  in  Upper  Italy.  Many 
parasitic  diseases  become  endemic  in  some  localities  on  account  of  the  abnormal  con- 
dition of  important  articles  of  food,  eg.  of  certain  kinds  of  meat.  Contamination 
of  drinking-water  causes  in  many  places,  chiefly  in  those  not  accustomed  to  its  use, 
endemic  intestinal  and  gastric  disorders,  probably  sometimes  also  typhoid  fever,  as 
well  as  infection  with  liothryocephalm  and  Ankyloslomum.  An  abnormal  quantity 
of  its  normal  ingredients,  e.g.  lime,  is  said  to  be  the  cause  of  many  affections  in  a 
community. 

From  more  or  less  unknown  causes  arise  endemically,  e.y. , in  many  localities  and 
countries,  diphtheritic  affections,  carcinosis,  aneurisms,  plica  Polonica,  and  other 
affections.  The  formerly  unknown  causes  of  many  endemics  have  lately  been  cleared 
up,  as,  e.y.,  the  nature  of  a form  of  haematuria  observed  in  Africa,  through  the  dis- 
covery of  a parasite,  the  Distomum  hmmatobiuin  (p.  121). 

Oesterlen,  Die  Seucfien,  ihre  Unsachen,  Gesetze  und  Dekdmpfung.  1873. 

Epidemic;,  endemic,  annual  constitution  op  disease,  epidemic  charac- 
ter of  disease;  genius  epidemicus : are  expressions  for  the  strikingly 
frequent  appearance  of  similar  diseases  of  a non-contagious  or  miasmatic 
nature,  of  diseases  equally  innocent  and  malignant,  and  for  the  striking 
succession  of  individual  symptoms.  Heretofore,  with  respect  to  this, 
nothing  serviceable  could  be  brought  forward,  because  of  the  false  views 
and  classifications  of  diseases  (inflammatory,  rheumatic,  gastric,  bilious, 
nervous,  anaemic,  scorbutic-putrid,  etc.)  which  were  at  the  foundation  of 
the  older  observations ; in  later  times,  however,  these  matters  have  unjustly 
received  no  attention. 

The  following  epidemic  constitutions  have  been  distinguished  : 

a.  The  inflammatory  epidemic  prevails  preferably  during  the  prevalence  of  a 
low  temperature,  as  in  winter  and  during  cold  north  winds,  in  dry  atmosphere.  It  is 
characterized  by  inflammations,  for  the  most  part  those  of  the  luugs. 

b.  The  NERVOUS  epidemic  constitution  prevails  during  oppressive  heats,  scarcity  of 
water,  foul  atmosphere,  as  for  the  most  part  in  the  summer,  and  is  characterized  by 
forms  of  disease  which  appear  with  important  phenomena  connected  with  the  nervous 
system,  and  which  arc  astheuic  in  character,  etc. 

r.  The  an.em  ic  epidemic  characterizes  diseases  which  make  their  appearance  accom- 
panied by  symptoms  of  anaemia. 

d.  The  gastric  epidemic  character  :s  developed  in  those  seasons  of  the  year  in 
which  heat  and  moisture  prevail  together.  It  disposes  to  affections  of  the  digestive 
apparatus ; further,  under  its  influence  arise  typhous  diseases.  To  the  gastric  is 
subordinated  the  bilious  epidemic  character  of  disease,  which  in  very  hot  seasons  of 
the  year  disposes  to  troubles  of  the  hepatic  system. 

e.  The  putrid  epidemic  constitution  makes  its  appearance  at  such  times  and  in 
those  places  where,  during  moderate  heat;,  great  quantities  of  organic  substances 
putrefy,  as  has  been  observed  after  great  battles.  Diseases  thus  originating  have  the 
septic  character. 

f.  The  catarrhal  epidemic  character  occasions  diseases  of  the  mucous  membranes, 
especially  of  those  of  the  organs  of  respiration  and  of  the  digestive  canal,  and  prevails 
at  the  time  of  changes  of  the  weather,  especially  if  cold  alternate  with  warmth,  as  in 
the  spring  and  autumn.  It  prevails  also  in  moist  cold  weather. 

y.  The  rheumatic  epidemic  constitution,  which  arises  from  sudden  changes  of 
the  temperature  during  prevailing  winds,  etc.,  disposes  to  those  forms  of  disease 
which  are  designated  by  the  one-term  rheumatism. 

(According  to  Reich,  Lehrb.  d.  Allgem.  AEtiol.,  p.  287.) 
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PART  THIRD. 


GENERAL  PATHOLOGICAL  ANATOMY  AND 

PHYSIOLOGY. 


(Study  of  local  disturbances  of  the  circulation,  and  of  nutrition.) 

I.  LOCAL  DISTURBANCES  OF  THE  CIRCULATION. 

Wedkmeteb,  U uteri  iib.  d.  Kreultuf  <1  * Mute*  >i.  irutbea.  ub  die  Beiregnng  de**.  in 
den  Artt.  a.  Hanrgeff , 1823. — Williams,  Jltch.  sur  Us  cause*  du  mouc.  du  tang  d. 
Us  mm.  Cupid . , 18:1.1. — Dubois  (d’ Amiens  i Prelecons  de  path,  taper.,  1841. — Grie- 
binger.  Arch,  f.phy*.  JLiUc.,  1842,  I. — Bkromann,  H.  Wagner'*  Handw.  d.  l‘h li- 
ft'd. . 1844,  II.,  p.  211.  — Ed.  & E H.  Weber,  .1 fuller'*  Arch. , 1874,  p.  232, 
1851,  p.  497. — Ludwig.  Midler' » Arch..  1847;  GE*tr.  Jahrbb 1863,  XIX.,  p. 
35.— Voi.kmann,  Die  J/thnadyntmik.  1810. — Berlin,  Nederl.  Lancet,  18.10. — Dox- 
DKRfi,  Scderi  Lane  , 1850.  V.,  p.  521 ; Ztschr.  f rat.  Med.,  1853,  III. — Stil- 
ling, Jen.  .l«n..  1851,  II..  p.  179. —Virchow,  Dessen  Arch..  1851,  III.,  p.  427, 
V..  p.  281;  I/andb.  d.  epee.  Path.,  18.14,  I.,  p.  93. —Bernard.  Compt.  rend,  de  la  toe. 
de  Dial.  1852,  III.  ; C.  r.  de  Foetid.  d.  *r.,  XXXIV.  «fc  LV.,  p.  228,  305  u.  381. 
Eckkr.  dt  cerebri  et  mod.  irpin.  »y*t.  capiU.  ia  ttatu  sano  et  marb.,  1853. — Likkkr- 
meister,  De  Jtuj-u  cDlatcraU.  Ghyi-ii.  1850. — Kijssmacl  n.  Tenner,  Pater*,  ub. 
Urspruug  u.  Weten  der  fnt/suchtart.  ZnrJcungen  bei  der  Verblutung.  marie  der  Futi- 
fucht  iiberh. , 18.17.— BrPcke,  Virch.  Arch..  18.17,  XII..  p.  81—  K uiner.  /‘rag. 
Vjrtch.,  1800,  III  — Al.  Schmidt.  Arch.  f.  Anat.  u.  Physiol. , 1801,  p.  541;  1802,  p. 
428  u.  533. — v.  Recklinghausen.  Die  I.gmphgejinme  a.  ilire  ll,:ah.  zum  Dindegewebe, 
1862;  Virch  .IreA.,  XXVI.,  p.  172.— Goltz,  Virch.  Arch.,  18144,  XXLX,  p.  304. 
O.  Weber,  Handb.  d.  aUg.  u.  spec.  chir.,  1804,  I.,  p.  27  — Stkicker,  Wiener  Sitzgs- 
ber.,  1805.  LI.,  p.  16;  L1I.,  p.  379. — Ew.  Hkring,  Wiener  Sitzgsber. , Nov.,  1807  • 
LVI.,p.  091;  LVIL,  p.  170.— Coilxheim,  Virch.  Arch.,  130.7,  XL.,  j>.  1;  l ater*, 
ub.  d.  anbol.  Proc.,  1872  — Traubk,  Die  Sympt.  d.  Krkh.  d.  lleapir.  u.  Circul  ; Amt 
1807;  Get.  Beitr.  z.  Path.  it.  Phy*..  1871. 

(Consult  also  the  later  works  on  Physiology,  and  the  publications  of  the  Physiological 
Institute  at  Leipzic,  1860-71.) 

[Burrows,  Disorders  <>f  the  Cerebral  Circulation,  Lond.,  1845.— Paget,  Lectures 
on  Surgical  Pathology,  Lond.,  1870. — Sanderson’s  Handbook  for  the  Laboratory, 
Phil.,  18,3. — Dalton’s  and  Flint’s  Treat i*e. * an  Human  Phy*iolagy. — Vultian, 
Lemons  sur  FapparcU  taso-moteur,  1874-5. — Ed.] 

Local  disturbances  of  the  circulation  concern  the  circulation  of  the 
hlood  and  that  of  the  lymph.  In  that  which  follows  notice  will  be  taken 
ot  some  physiological  considerations  which  have  a general  pathological  in- 
terest. 

1 he  motion  of  the  blood  is  effected  chiefly  by  the  heart,  its  distribu- 
tion by  the  vessels. 

lhe  heart  is  the  most  important  factor  of  the  blood  circulation.  The 
force  ot  tire  heart's  impulse  in  mammals  equals  the  pressure  of  a column  of 
mercury  150  mm.  high,  and  yet  the  physiological  limits  of  this  pressure  allows 
of  a considerable  variation  from  this  mean  number.  The  pressure  depend- 
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cut  upon  the  heart’s  impulse  is  variable,  and  diminishes  with  the  increasing 
distance  trom  the  heart.  A further  increase  of  force  for  the  blood  is  derived 
f:oin  the  elastic  and  muscular  elements  of  the  walls  of  the  arteries  and 
veins. 

I he  arteries  are  always  over-filled  with  blood.  They  seek,  in  conse- 
quence of  their  small  but  very  perfect  elasticity,  to  rid  themselves  of  their 
contents  by  contraction,  and  thus  by  the  continuous  arrival  of  new  blood 
from  the  heart  they  cause  the  regular  and  uninterrupted  movement  of  the 
fluid  through  the  capillaries  into  the  veins.  The  smooth  muscles  found  in 
the  walls  of  the  arteries,  especially  numerous  in  those  of  smaller  size,  are 
susceptible  to  mechanical,  electrical,  thermal,  and  chemical  irritants.  The 
small  arteries  thereupon  contract  slowly,  strongly,  and  continuously,  the 
contraction  not  continuing  far  upward  or  downward.  A stronger  contrac- 
tion of  the  arteries  is  followed  by  an  increase  of  the  resistance  of  the  cir- 
culation. Tn  general,  in  the  independent  power  of  the  smaller  arteries  to 
contract,  may  he  observed  a condition  for  the  moderation  or  regulation  of 
the  circulation. 

The  blood-pressure  in  an  artery  increases:  1.  With  the  filling  of  the 
vessels  generally,  as  with  the  quantity  of  blood,  and  with  the  narrowing  of 
the  channel.  2.  \\  ith  the  frequency  and  force  of  the  heart’s  contractions. 
The  mean  blood-pressure  in  the  largest  arteries  in  man  is  not  accurately 
known.  In  the  art.  brachialis  it  amounts  to  about  1 15  ram. ; in  the  aorta  it 
1ms  been  estimated  at  250  mm.  (quicksilver);  in  the  smaller  arteries  it 
diminishes  constantly  from  the  left  ventricle  to  the  capillaries.  It  is  less 
in  younger  and  weakly  animals.  In  the  pulmonic  it  is  much  less  than  in 
the  systemic  circulation  ; in  the  art.  pulmonalis  it  amounts  to  12-30  mm. 
The  pressure  of  the  blood  is  made  to  rise  by  muscular  movements,  and  to 
sink  by  long  fixsting,  loss  of  blood,  etc. 

Every  part  of  an  artery  further  presents  a periodical  fluctuation  in 
pressure  : an  elevation  of  pressure  corresponding  to  the  heart’s  systole,  and 
an  abatement  of  pressure  corresponding  to  the  heart’s  diastole — the  so- 
called  pulse.  This  fluctuation  in  pressure  is  greatest  nearest  the  heart, 
least,  or  almost  unnotieeable  at  the  extremities  of  the  arteries.  Farther,  an 
elevation  takes  place  during  expiration ; a diminution  during  inspiration. 

According  to  Quincke  ( Her!,  klin.  Wschr. , 18(58,  No.  34),  the  arterial  wave  gener- 
ated from  the  left  side  of  the  heart  does  not  disappear  so  generally  as  has  been  as- 
sumed until  now  in  the  small  arteries.  On  the  contrary,  there  are  parts  in  which 
very  often  under  normal,  still  more  distinctly  under  pathological  conditions,  the  pro- 
pagation of  the  pulse-wave  can  be  observed  to  continue  from  the  heart  into  the 
capillaries,  and  even  through  these  into  the  veins : those  parts  are  the  iinger-nails, 
the  hand,  the  fore-arm,  and  the  foot,  hi  the  nail  the  capillary  pulse  can  be  seen 
often  even  under  normal  conditions,  still  better  in  the  anaemic,  in  the  elevation  of 
the  hand,  most  distinctly  in  cases  of  insufficiency  of  the  aortic  valves.  Most  proba- 
bly also  the  brain  exerts  an  active  and  independent  influence  on  the  arterial  walls  in 
the  motion  of  the  blood  through  the  capillaries.  This  determines  peristaltic,  regular 
contraction  of  the  arteries,  (v.  Bkzoi.d,  Ciders,  aus  d.  phxjs.  Labor,  zu  Wurzb.. 
1867,  2.  H.  p.  347.) 

The  veins  are  filled  in  a much  less  degree  than  the  arteries.  The  difference 
in  the  filling  of  both  kinds  of  vessels  is  to  be  felt  through  the  skin  in  those 
which  lie  near  the  surface,  to  be  seen  in  the  vessels  which  have  been  laid 
bare,  and  is  to  be  perceived,  especially,  from  the  various  heights  to  which 
the  blood-stream  rises  when  spirting  forth  from  vessels  which  have  been 
cut.  The  veins  have  a layer  of  circular  muscular  fibres,  which  is  strongly 
developed,  especially  in  the  lower  extremities;  besides,  there  exists  a layer 
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of  longitudinal  smooth  muscle  fibres,  especially  in  the  adventitia  of  the 
lame  veins  of  the  abdomen.  The  action  of  these  muscles  effects  a shorten- 
ing of  the  vessels,  their  relaxation  is  followed  by  the  vessels’  elongation. 
In  the  brain  the  muscular  portion  of  the  veins  is  extremely  little  developed, 
or  is  entirely  wanting.  The  elasticity  of  the  walls  of  the  veins  is  much 
less  than  that  of  the  arteries ; the  elastic  elements  iu  the  veins  are  also 
arranged  preponderating!  y in  the  direction  of  the  length  of  the  vessels,  so 
that  esjiecially  the  veins  of  the  internal  parts  of  the  body  are  in  their 
diameter  unusually  dependent  on  the  varying  pressure  of  their  contents 
anil  of  the  parts  surrounding  them. 

The  blood-press  I*  re  in  the  veins  is  very  fluctuating,  and  is  much  less 
than  that  in  the  arteries.  In  the  veins  near  the  heart  it  amounts  to  only 
of  the  pressure  of  the  corresponding  arteries.  It  diminishes  in  the 
direction  toward  the  right  side  of  the  heart.  In  compression  of  ad  jacent 
veins  it  increases  in  those  which  are  free.  1 hiring  inspiration  the  blood- 
pressure  diminishes  in  the  veins  which  are  near  the  thorax  and  increases 
during  expiration.  During  inspiration  the  pressure  in  the  veins  is,  so  to 
speak,  negative,  i.e it  is  less  than  that  of  the  atmosphere. 

The  capillaries,  from  one  point  of  view,  consist  of  closely  united,  flat, 
nucleated  cells,  sometimes  for  the  most  part  spindle-shaped,  sometimes 
polygonal  (the  so-called  vessel-cells,  cndothelia).  Between  these  cells  are  to 
be  found  openings  (stomata)  of  a perhaps  rounded  or  more  or  less  elliptical 
outline,  in  varying  number,  and  in  size  probably  varying  greatly  with  the 
diameter  of  the  vessel.  According  to  the  other  view  the  capillary  membrane 
is  not  made  up  of  cells,  but  is  a soft  protoplasmic  tube,  and  probably 
permeable  to  red  and  colorless  blood-corpuscles ; it  is  further,  at  least  in 
young  vessels,  formed  out  of  contractile  substance,  so  that  it  is  capable  of 
active  contractions.  Concerning  the  adventitia  capilluris,  so-called,  vule 
infra. 

Hoykr.  Aery.  Auerbach,  Ebkrth,  and  many  others,  support  the  first  view, 
which  is  based  upon  the  images  formed  by  the  action  of  silver  on  dead  tissues,  while 
the  other  view  was  first  advocated  by  Stru  HER,  and  is  based  especially  upon  exami- 
nations in  living  animals.  The  latter  > Wim.  at  ml.  Sif~;..‘>cr,  1805),  and  Goli  bew 
(S'kulUr'*  Arch  , V.,  p.  10),  have  shown  that  moderate  irritation  of  the  living  capil- 
lary vessels  cause  alternating  local  dilatation  and  contraction. 

The  blood  pressure  in  the  capillaries  lias  not  been  measured,  but  only  esti- 
mated from  tlioir  extent  and  the  amount  of  their  filtration.  It  varies  with 
the  general  blood-pressure,  increasing  with  the  diminution  of  resistance  in 
the  arteries,  and  with  the  increase  of  such  resistance  in  the  veins.  It 
changes,  also,  with  the  change  of  resistance  of  the  tissues  which  surround 
the  capillaries. 

1 he  area  of  a cross-section  of  the  capillaries  together  amounts  to  more 
than  800  times  that  of  the  aorta  at  its  origin ; that  of  eacli  vena  cava  is 
almost  as  large  as  that  of  the  aorta. 

According  to  Goltz  (Arch.  f.  if  get.  Phi/*.,  1,871,  V.,  p.  53)  the  EPiTnEi.rrM  of  the 
vessels  perhaps  nets  like  that  of  the  glands.  As  the  latter,  with  the  co  operation  of  the 
nerves,  takes  up  a fluid  stream  from  out  of  the  vicinity  of  theglandB  and  then  moves  it 
into  the  excretory  ducts  of  the  glands,  so  also  may  the  epithelium  of  the  vessels  possess 
the  function  of  introducing  liquid  into  the  interior  of  the  vessels.  This  character  is 
ascribed  chiefly  to  the  capillaries  and  smallest  lymphatics,  the  walls  of  which  consist 
only  of  epithelium.  The  force  with  which  the  liquid  moves  from  the  smallest  non- 
muscular  vessels  into  the  larger,  is  then  the  pressure  of  secretion,  under  which  the 
epithelial  cells  work.  The  smooth  muscles  of  the  vessels  behave  like  those  of  the  ex- 
cretory ducts  of  the  glands. 
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Tn  many  organs  the  arteries  are  probably  connected  with  veins  in  a two- 
fold manner:  one  form  is  by  the  capillary  circulation,  which  is  characterized 
ns  the  general,  deep,  or  interstitial,  chemical  or  functional,  nutritive  circu- 
lation ; the  other  form  is  effected  by  a direct  communication  of  arteries  and 
v.  iiis  without  an  intermediate  capillary  system:  the  so-called  mechanical  or 
direct,  derivative  circulation.  The  smallest  arteries  which  make  up  this 
second  form  of  circulation  are  about  0.1  mm.  thick,  and  possess  organic 
muscular  fibres  ; they  are  so  contractile  that  complete  obliteration  of  the 
vessels  can  occur ; they  have  vaso-motor  nerves.  These  transitions  occur 
besides  in  the  corpora  cavernosa  of  the  genitals,  the  spleen,  the  placenta, 
in  various  parts  of  the  skin,  aponeuroses,  joints,  mucous  membranes,  mus- 
cles, brain,  lungs,  in  part  also  in  glandular  organs. 

These  relations,  important  in  many  points  of  view,  with  respect  to  the  pathology 
of  the  local  derangements  of  the  circulation,  were  already  known  to  Leeuwenhoek 
and  Haller.  They  were  accurately  described  by  Dubois  (1841,  1.  c. , p.  813), 
Paget  (Load.  Med.  G az.,  1830),  and  Wii.  Jones.  According  to  Virohow  (Arch., 
XII.,  p.  810)  a part  of  the  blood  in  the  kidneys  can  pass  directly  from  the  arteries  into 
the  veins,  while  another  part  of  it  Hows  through  the  Malpighian  bodies.  Pern  Aim  (Ally. 
Wiener  vied.  Ztg . , 1860,  Nr.  40-42)  assumes  two  forms  of  capillary  vessels:  those 
which  are  comparatively  thick  and  in  part  retain  the  course  of  the  original  communi- 
cation ; and  those  which  are  exceedingly  thin,  bathing  every  cell  with  liquid,  and 
forming  the  nutritive  network  of  vessels  which  belongs  to  every  organ.  There  are 
vessels  in  every  organ  which  restrain  the  blood,  and  there  are  those  which  permit 
it  to  How  on  through.  Hence  it  cannot  be  believed  that  all  the  blood  which  Hows 
through  an  organ,  e.g.  the  kidneys,  the  liver,  contributes  to  its  maintenance ; this  is 
true  more  often  of  only  a part  of  it,  while  another  part  Hows  through  without  suffer- 
ing any  change,  and  merely  effects  the  mechanical  phenomena  of  the  circulation. 
Sucquet  (Dull.  de  I'acad .,  XXVI.,  p.  833,  1861. — D'nne  ciro/.l.  derirat.  dan*  lex  mem- 
brex  ct  dims  la  tele  chez  I'homme , 1862)  found  that  wide  communications  existed 
between  arteries  and  veins  in  definite  localities  in  the  skin  of  the  limbs  and  head. 
In  the  upper  extremities,  e.g.,  there  exists  a double  circulation  : the  deep,  nutritive, 
constant  and  almost  without  variety,  and  the  superficial,  which  is  truly  derivative; 
both  forms  progress  without  interruption,  hut  the  latter  varies  with  the  quantity  of  cir- 
culating Hind,  also  with  the  energy  and  frequency  of  the  heart-beats,  as  well  as  also 
with  the  action  of  the  vaso-motor  nerves,  while  the  former  suffers  only  a slight  change. 
In  the  head  the  blood  is  carried  away  in  like  manner  through  the  wtsa  arlerio-venom, 
out  of  the  arterial  into  the  venous  system  when  the  former  is  over-filled,  so  that  also 
here  the  proper  capillary  circulation  can  go  on  independently  in  a regular  and  con- 
stant manner.  Through  the  communicating  cutaneous  branches  of  the  ophthalmic 
artery  the  blood  is  carried  away  from  the  internal  arteries  of  the  cranium  into  the 
veam  frontales  et  angola  rex,  while  the  eye  is  injected.  The  communications  of  the 
labial,  nasal,  palpebral  and  auricular  arteries  effect  a release  of  the  blood  in  over-fill- 
ing of  the  facial,  internal  maxillary  and  temporal.  Direct  communication  is  accom- 
plished in  various  ways  Consult  also  Hoykr  (Tagebl.  d.  Nat.  Vers.,  1872,  p.  149). 
Tomsa  (Arch.  f.  Dermal,  n.  Syph. . 1873,  V.,p.  1)  denies  the  so-called  derivative  cir- 
culation in  the  skin  : the  seat?  of  this  lie  in  those  parts  of  the  head  and  extremities 
where  Langeu  has  demonstrated  a very  slight  or  no  tension  of  the  skin  (forehead, 
hand) ; those  points  where  the  mass  of  injection  flows  with  greater  velocity,  and  so 
has  less  resistance  to  overcome,  coincide  very  often  with  the  points  of  irregular 
divisibility.  Many  others  likewise  regard  these  assumptions  still  as  uudemonstrated. 

According  to  Rwdfleiscii  (Tagebl.  d.  Nat.  Verx. , 1872,  p.  210)  vessels  ot  large 
calibre  are  formed  in  pulmonary  emphysema,  between  the  extremities  of  the  arteries 
and  the  beginning  of  the  veins. 

The  VELOCITY  OF  the  BLOOD-STREAM  shows  constant  variations  in  the 
several  kinds  of  vessels,  which  variations  are  shown  partly  by  means  of 
special  apparatuses  (lnemodromonieter,  etc.),  in  part  indirectly  by  observ- 
ing the  circulation  in  the  living  animal  (mesentery,  etc.).  The  resistances 
which  influence  the  velocity  of  the  blood-stream,  lie  in  friction.  The 
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velocity  is  greatest  in  the  arteries  (in  the  carotid  of  the  dog  about  260  mrn., 
in  the  metatarsal,  about  56  mm.,  in  a second),  less  in  the  veins,  least  in 
the  capillaries  (in  the  retina  of  man  about  0.7  mm.  ; in  the  tail  of  the  tad- 
pole about  0.6  mm.  in  a second).  In  the  latter  they  are  moreover  subject 
probably  to  manifold  essential  and  accidental  variations. 

According  to  Dog i f.l  (-4 rb.  a >/*  d.  phyt.  Inst,  zu  Leipzig,  1867,  p.  19(5),  the  velo- 
city of  the  blood  in  the  same  arterial  branch  is  Rubject  to  great  and  sudden  changes, 
in  spite  of  the  fact  that  the  heart  impulse  and  the  mean  hlood-pressare  remain  tho 
same.  Dooikl  demonstrated  farther,  that  the  velocity  of  the  streams  which  exist 
in  two  simultaneously  observed  arteries,  vary  altogether  independently  of  each  other, 
and  as  independently  also  of  the  blood-pressure,  so  that  with  the  same  blood-pres- 
sure the  velocity  in  both  channels  may  increase  in  the  same,  or  opposite  directions. 

Certain  conditions  from  without  have  an  influence  U)>on  the  circulation 
to  assist  or  to  impede  it,  chiefly  by  their  influence  upon  the  veins.  The 
course  of  the  venous  blood  is  therefore  very  irregular. 

Gravity  exerts  an  irregular  influence  upon  the  circulation,  sometimes 
promoting  it,  sometimes  impeding  it;  the  former  upon  descending,  the 
latter  upon  ascending  veins.  In  general,  pressure  acts  unfavorably,  by 
preventing  the  regular  distribution  of  tin*  blood,  and  by  promoting  its  accu- 
mulation in  isolated  parts.  By  this  is  explained  the  influence  of  the  sud- 
den change  from  a horizontal  to  an  upright  posture,  not  infrequently  giving 
rise  to  fainting  in  many  healthy  and  strong  persons,  still  more  certainly  in 
the  sick  and  convalescent. 

The  effect  of  EXTERNAL  PRESSURE  upon  the  circulation  is  important,  since 
the  vessels,  partly  in  the  interior  of  the  body,  partly  on  the  surface,  and 
deep  in  the  extremities,  are  found  continually  under  such  pressure.  From 
this  the  arteries  suffer  little;  the  capillaries,  and  especially  the  veins,  con- 
siderably. Every  pressure  upon  a vein  is  followed  by  an  emptying  of  the 
blood  toward  the  heart,  because  a turning  to  one  side  in  an  opposite,  direc- 
tion is  in  most  veins  prevented  by  the  valves.  Such  a pressure,  if  inter- 
mittent, as  for  example,  during  tho  muscular  movements  of  the  extremi- 
ties, may  be  of  assistance  under  certain  conditions  of  the  mechanical  power 
of  the  heart.  But  a constant  pressure,  like  that  from  bands,  bandages, 
exudations  and  tumors,  affects  unfavorably  tho  venous  circulation — favor- 
ably, however,  in  the  highest  degree,  when  by  pressure  enlargement  of  the 
vessels  becomes  reduced.  If  the  pressure  itself  is  elastic,  like  that  from 
intestinal  gases  in  the  abdomen,  it  does  no  harm ; for  just  as  it  hinders  to 
a certain  extent  the  entrance  of  the  blood  into  the  arteries,  ami  through 
the  capillaries  into  the  vena  porta so  it  promotes  also  the  stream  of  the 
blood  at  the  time  ia  the  vena  portal  in  the  direction  of  the  hepatic  veins. 
The  changing  pressure  from  the  movements  of  the  diaphragm  and  from  ab- 
dominal pressure  during  respiration  aids  the  abdominal  circulation.  A 
diminution  of  the  pressure  from  without,  as  occurs  in  the  climbing  of  high 
mountains,  in  puncture  of  ascites,  of  the  eyeball,  partially  under  the  cup- 
ping-glass. etc.,  dilates  the  vessels  and  favors  a retardation  of  the  stream. 

< 'olt>  causes  a contraction,  HEAT  a dilatation  of  vessels  of  every  calibre, 
even  the  aorta  and  the  cava*.  Cold  causes,  first  of  all,  a vigorous  contrac- 
tion ot  the  muscles  of  the  vessels,  which  bv  excess  of  excitation  is  second- 
arily followed  by  relaxation.  These  effects  of  cold  and  warmth  are  inde- 
pendent of  the  vaso-motor  nerves. 

Experiments  of  Hastings,  sciiwann,  o.  weber. 

Ihe  larger  lyhchatios  have  essentially  the  same  structure  as  small 
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wins;  an  elastic  intima  provided  with  endothelium,  with  numerous  valves, 
a muscular  middle  coat,  and  an  adventitia. 

Ill'  lymphatic  capillaries  liavo  an  endothelial  covering,  hut  otherwise 
no  elements  ot  a wall ; in  general  they  resemble  the  blood-capillaries, 
but  the  walls  are  more  delicate  (on  this  account  visible  for  the  most  part 
only  when  naturally  or  artificially  injected,  or  after  the  cells  of  which  they 
are  form  • 1 are  colored  by  silver),  more  numerous,  and  much  broader.  They 
are  arranged  with  respect  to  locality,  either  as  networks,  which  not  infre- 
quently accompany  the  bloodvessels;  or,  they  are  blind  ducts,  which  after- 
ward unite  to  form  networks;  or,  they  form  sheaths  around  the  blood 
capillaries,  i.e.,  they  lie  between  the  capillary  membrane  proper  and  the 
so-called  adventitia,  so  that  the  blood-capillaries  are  separated  from  the 
tissue  elements  by  a lymph-space. 

The  origin  ok  the  LYMPHATICS  is  not  certainly  known.  It  is  most 
probably  in  the  so-called  plasmatic  canals — spaces  of  the  smallest  size 
found  in  connective  tissue,  without  a special  membrane,  but  provided  with 
llat  nuclear  so-called  endothelium,  usually  tilled  only  with  liquid.  In  the 
central  nervous-system  the  beginnings  of  the  lymphatic- vessels  are  perivas- 
cular spaces,  i.e.,  broad  canals  clothed  with  endothelium  (or  perithelium), 
in  the  axis  of  which  are  found  the  bloodvessels,  lu  glands  the  origin  of 
the  lymphatic  vessels  is  identical  with  (issure.s  occurring  between  the  blood- 
vessels and  the  glandular  eanaliculi,  etc. 

Serous  membranes  are  in  open  connection  with  the  lymphatics.  This 
takes  place  by  means  of  small  round  holes,  which  in  the  living,  and  even 
after  death  receive  and  convey  into  the  lymphatics  not  only  fluids,  even 
such  as  are  not  miscible  with  water,  as  oil,  but  also  solids,  as  well  those 
which  are  changeable  in  form  (milk-globules  and  blood-corpuscles),  as  also 
those  (India-iuk  and  cinnabar)  which  are  changeless.  Not  only  liquids 
pass  normally  through  these  openings,  but  also  lymph-corpuscles,  which 
prob  ably  have  their  origin  even  in  the  serous  membranes.  Tendons  and 
fascia?  behave  in  a similar  manner. 


The  important  statements  given  above  concerning  the  source  of  the  lymphatics 
generally,  anti  their  open  connection  with  serous  membranes,  which  latter  Mascagni 
already  accepted,  we  owe  to  v.  Recklinghausen,  who  demonstrated  both  chietiy  by 
the  silver  method  and  by  experimentation.  Farther  important  researches  concerning 
these  relations  are  furnished  by  .Ludwig  and  his  pupils,  Sciiweiookr-Seidkl,  Frey, 
Ciironszewsky,  Afanassiew,  Eiu.rtii.  To Ms.v.  Zawarykin,  His.  Okdmanshon, 
and  others.  Consult  also  Golgi.  Ji'r.  din.,  1870,  IX..  p.  334-  Concerning  the  lym- 
phatic vessels  of  fascia},  etc.,  consult  Gexersich  and  Ludwig 

The  researches  of  Dyiikowsk y upon  the  pleura  ( . I rb.  nit*  it.  phi/*.  Aunt,  za  Leipzig, 
18d(5,  p.  40)  are  of  special  practical  interest.  Concerning  the  pathological  relations  of 
serous  membranes,  consult  Lavdowsky,  Arch.  f.  norm.  it.  path,  llintol. , v.  Rud.new, 
and  others,  1870,  II.,  p.  74.  Wtnogkadow,  Lb.,  1871,  III.,  p.  1;  Virch.  Arch., 
L1V.,  p.  7,8.  Klein  and  Burdon-Sanderson,  Med.  C'trlbl .,  1873,  No.  2-4. 

According  to  Buhl  ( Lmujeucntz.  u.  s.  w.  1872,  p.  I)  the  epithelium  of  the  alveoli 
of  the  lungs  has  less  the  signification  of  a continued  bronchial  epithelium  than  of  a 
lymphatic  endothelium  spread  out  on  the  inner  surface  of  the  alveolar  wall ; bron- 
c.iiul  epithelium  passes  into  alveolar  endothelium,  just  as  the  epithelium  of  the  Fallo- 
pian tubes  passes  into  the  endothelium  of  the  peritoneum.  Sikorsky  (Med.  Ctrbl. , 
1870,  No.  02)  makes  the  lymphatic  plexus  in  the  walls  of  the  alveoli  communicate  by 
means  of  fine  openings  with  the  lumen  of  the  alveoli.  Therefore  the  cavities  of  the 
alveoli  are  wide  lymph-spaces  filled  with  air.  Tho  considerable  quantity  of  carbonic 
acid  in  lymphatic  gases  (30-10. per  cent.  : Ham.uerstkM)  may  for  the  most  part  be 
derived  directly  from  inspired  atmospheric  air,  and  its  quick  transformation  into 
carbonic  acid. 

According  to  Schwalbe  {Med.  Ctrbl.,  1809,  No.  80;  Arch.  f.  mikr.  Amt , 18»0, 
VI.,  p.  1).  the  arachnoidean  space  of  the  brain  and  spinal  cord  is  a lymph-space, 
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which  communicates  with  the  lymphatic-vessels  aud  glands  of  the  neck  through  the 
jugular  foramen,  as  well  as  with  the  lymph-canals  of  the  three  higher  organs  of  sense. 
(It  hits  no  connection  with  the  perivascular  spaces  of  His,  nor  with  the  lymphatics 
of  the  pia-mater.)  In  the  eye.  r. g. , there  are  found  two  groups  of  lymphatics;  of 
these  the  posterior  are  to  ns  of  special  interest.  To  this  group  belong  the  perivascular 
spaces  of  the  retina,  the  perichoroidal  space  and  its  efferent  canals,  and  the  lymph  - 
space  lying  between  the  internal  and  external  sheaths  of  the  optic  nerve,  which  opens 
directly  into  the  arachnoidean space  of  the  brain.  (The  anterior  lymph-passages  of  the 
eye  do  not  communicate  with  the  posterior,  lloth  chambers  of  the  eye  form  a system 
of  currents  which  has  its  efferent  canals  at  the  corneal  furrow ; the  lymphatic  vessels 
of  the  conjunctiva  form  a second  system,  the  plexus  of  small  channels  of  the  cornea 
fonn  a third. ) 

According  to  BOiim  ( Warzb.  I Jinx. , there  takes  place,  under  certain  condi- 

tions, a resorption  of  fiuely  suspended  fat,  or  cinnabar,  from  out  of  the  cavities  of 
the  joints,  which,  therefore,  likewise  points  to  an  open  communication  between  these 
cavities  and  the  vascular  system.  15.  ( Virch.  Arch.,  lsii.i.  XLVIL,  p.  218),  after 
treatment  of  synovial  membranes  with  silver,  saw  an  open  connection  of  the  lumiua 
of  the  bloodvessels  with  the  plasmatic  canals. 

The  flow  of  lymph  out  of  its  vessels  into  the  veins  takes  place  very 
slowly  ami  under  slight  pressure.  The  forces  operative  here  differ  from 
those  which  chiefly  effect  the  discharge  of  the  lymph  : they  are  aspiration 
of  the  thorax  aud  contraction  of  the  muscles  surrounding  the  lymphatics. 

Hell  kb  {Bcr1.  CtrlbL , 18H9,  No.  2o i found  in  the  exposed  mesentery  of  young 
guinea-pigs  a peculiar  rhythmical  movement,  which  bears  a type  independent  of  all 
other  rhythmical  movements  of  the  organism  (respiration,  pulse). 

The  cause  of  the  discharge  of  lymph  is  the  difference  between  the  pressure  in  the 
capillaries  and  that  iri  the  lymph  sjmoes.  By  ligature  of  all  hut  one  of  the  lymphatics 
of  the  testicle,  which  are  easy  of  access  lieneath,  and  of  the  spermatic  art-  ry  more 
lymph  is  discharged  in  the.  moderate  contraction  of  the  pampiniform  plexus  than  when 
the  venous  stream  continues  unobstructed.  Should  the  art « rial  pressure  be  reduced  to 
n minimum,  no  lymph  at  all  would,  as  a rule,  be  discharged.  According  to  Lrmvio. 
the  fascia;  also  in  a dead  animal  absorb  to  their  fullest  extent  liquids  which  have  beeu 
injected  in  suoh  manner  as  to  produce  rhythmic  tension  and  relaxation;  the  colored 
matter  injected  is  demonstrable  in  the  thoracic  duet.  During  muscular  activity  in 
the  living,  where  a like  alternation  between  tension  and  relaxation  of  the  fascia;  aud 
aponeuroses  takes  place,  those  membranes  and  their  lymphatics  act  like  sucking- 
pumps. 


The  QUANTITY  of  BLOOD  in  general  is  considered  in  Part  1 V.  The 
quantity  in  single  organs  varies  greatly  under  physiological  and  pathological 
conditions. 

< It  tin;  elements  of  THE  iiLoon,  the  blood-corpuscles,  especially  the  white, 
and  fibrin  have  a prominent  pathological  significance. 

During  the  flow  of  the  blood  through  the  capillaries,  only  the  fluid  ele- 
ments pass  uninterruptedly  out  of  tin;  latter  into  the  tissues,  and  out  of 
these,  in  a modified  condition,  back  again  into  the  vessels;  but  most  proba- 
bly red  and  esjiecially  white  globules  normally  leave  the  capillaries  to  reach 
the  adjacent  lymphatics  or  tissue.  This  transmigration  takes  place  only 
where  the  blood-current  is  sluggish.  It  takes  place  without  injury  to  the 
vessels,  in  a manner  as  yet  unknown.  The  wandering  red  blood-globules 
mostly  again  return  into  the  circulation  through  the  lymphatics.  The  white 
globules  which  have  wandered  out  form,  all  or  the  greater  part  ot  them,  in 
the  various  tissues  the  so-called  movable  or  wandering  connective  tissue 
corpuscles,  mucous  corpuscles,  salivary  corpuscles,  the  corpuscles  ot  the 
serous  cavities,  perhaps  also  the  round  corpuscles  known  in  the  gray  and 
a bite  substance  of  the  central  nervous  organs.  They  probably  return  again 
into  the  blood  in  the  same  way  as  the  red  globules.  Consequently  the  fluid 
as  well  as  the  corpuscular  elements  of  the  blood  have  a double  way  of  re- 
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turn  from  the  'capillaries  to  the  heart:  on  the  one  hand,  by  the  A’eins;  on 
the  other,  by  the  lymphatics. 


Consult  Strtckkr,  Counheim,  IIering  (1.  c.),  Henle  and  Merkel  (Z.  f.  rat. 
M<d.,  1808.  XXXIV.,  p.  49). 

The  cause  of  the  transmigration  of  the  white  globules  lies,  according  to  Cohnitkim, 
in  their  active  mobility  ; according  to  Schklarewsky  (Arch.  f.  d.  gen.  Phys. , 1808, 
I.),  in  physical  forces.  According  to  IIering  ( Wien.  Sitzuugnber.,  LVI.,  p.  091.  and 
LVII.,  p.  170),  the  homogeneous  mass,  with  which  the  red  globules  of  the  blood 
dammed  up  in  the  vessels  appear  to  be  blended,  acts,  opposite  the  walls  of  the  vessels, 
like  a liquid  colloid  substance.  If  the  pressure  be  sufficiently  prolonged,  it  exudes  in 
isolated  drops  through  the  walls  of  the  vessels  and  slowly  extends  into  the  surround- 
ing structures,  whereby,  if  the  extravasation  extends  into  a lymph  space,  the  indivi- 
dual blood-globules  may  again  assume  their  old  form. 

Direct  observations  show  that  the  white  globules  of  the  blood  can  probably  enter 
again  into  the  same  channel  by  the  same  way  through  which  they  left  it.  Reck- 
linghausen (Strieker  lldb. , p.  249)  not  only  saw  the  colorless  cells  pass  out  of  the 
capillaries,  but  also  migratory  corpuscles  of  the  connective  tissue  enter  into  them. 
Saviotti  (Perl.  mod.  CtrlbL,  1870,  Xos.  10  and  11)  saw  the  same.  He  has  besides 
demonstrated  experimentally  on  the  web  of  the  frog,  that  pigment  cells  send  their 
processes  into  the  vessels  through  their  wall,  so  that  they  really  migrate  as  a whole 
or  by  pieces  into  the  bloodvessels,  and  are  carried  away  by  the  blood-current.  This 
occurs  normally,  as  well  as  after  the  employment  of  means  to  excite  inllamination, 
in  the  capillaries  as  well  as  in  the  small,  perhaps  also  large  veins. 


Under  various  conditions  which  always  cause  a congestive  hypermmia, 
the  number  of  migrating  white  globules  increases  very  considerably,  and 
gives  rise  to  suppuration.  Pus-corpuscles,  so-called,  are  for  the  greater 

PART  MIGRATED  WHITE  GLOBULES.  See  INFLAMMATION. 

The  white  globules,  which  have  the  properties  known  in  the  dead  state, 
show,  when  alive,  a peculiarity,  which  explains  the  foregoing  facts,  and 
besides  is  of  importance  for  physiology  and  pathology ; they  are  con- 
tractile. 

The  contractility  of  the  white  globules,  and  of  the  corpuscles  identical 
with  them,  is  shown  in  the  examination  of  living  animals  (foot-web  and 
mesentery  of  the  frog,  certain  mammals),  of  freshly  dissected  animal  parts 
(connective  tissue,  cornea),  of  fresh  globules  in  proper  menstrua  (natural 
liquid  transudations,  weak  solutions  of  sugar  and  common  salt,  etc.),  and 
when  possible,  during  examination  upon  the  warm  stage  of  fluids  containing 
such  bodies  (blood,  mucus,  saliva,  pus).  The  corpuscles  do  not  then  appear 
round,  but  present  points  of  various  lengths,  numbers  and  forms.  Each 
corpuscle  changes  its  form  continually,  sending  out  quickly  fine  filamentous 
processes,  singly  or  in  groups,  which  processes  thicken  at  their  base  and 
consist  of  a part  of  the  substance  of  the  cell-body.  They  again  retract  and 
disappear  without  leaving  any  traces  of  their  existence  behind.  Sometimes 
these  processes  appear  on  the  whole  circumference  of  the  pus-corpuscle, 
from  ten  to  twenty  in  number,  sometimes  tufts  of  from  three  to  six  appear 
in  one  or  more  points  of  the  periphery.  The  single  shoots  of  the  corpuscles 
may  branch  again  and  unite  with  one  another  in  twisted  forms,  and  then 
flow  together  into  one  broad  mass.  The  corpuscles  contain  nuclei,  which 
become  visible  only  by  means  of  reagents.  They  also  contain  molecular  fat 
and  pigment,  which  change  their  locality  in  the  cells  with  their  motion  (so- 
called  MOLECULAR  motions),  these  motions  being  most  marked  where  pro- 
cesses are  given  out  from  the  cells. 

The  corpuscles  exhibit  these  changes  of  form  as  well  in  liquid  connective 
substances  (humor  aqueus,  serous  membranes)  as  in  solid  tissues  (cornea, 
connective  tissues  chiefly),  and  consequently  they  wander  in  them,  for  the 
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most  part  in  very  circuitous  routes.  Migration  is  accomplished  in  the 
following  manner:  the  cell-mass  shoots  out  into  processes,  then  the  round 
end  opposite  to  the  process  advances  with  it  in  line,  and  then,  by  a farther 
elongation  of  the  body  of  the  cell,  it  moves  on  still  farther.  This  migration 
takes  place,  as  already  said,  not  merely  through  open  spaces  or  cavities  of 
the  connective  tissue,  but  also  through  the  walls  of  the  capillaries  and 
small  veins. 

Contractility  of  animal  cells  was  observed  in  the  white  globules  of  higher  and 
lower  animats,  by  Wii.  Jones,  Dav  unk,  Robin.  Eckkk,  Lieberki  iin.  Haeckel  ; 
in  lymph-corpuscles,  corpuscles  of  the  spleen,  mucous  corpuscles,  in  similar  cells  in 
the  transudation  of  serous  membranes,  etc.,  by  Bcsk  and  Huxley,  Lieberki HX, 
Virchow,  Reck  lino  hausen,  Okiil,  Cohniieim.  etc. ; in  the  segmented  globules  of 
the  frog’s  ovum,  by  Strickek  ; in  pigment  cells,  by  Bruuke,  Virchow,  Loth. 
Meyer,  Witticii,  Busch  ; in  pigment-cells  of  colloid  tissue  of  lower  animals,  by 
Huxi.KY  and  Kallikeb  ; in  the  cells  of  enchondroma,  by  VIRCHOW  ; in  giant  cells, 
by  Lanoiiaus,  etc.  But  Recklinghausen  first  demonst rated  the  regular  occur- 
rence and  pathological  significance  of  that  peculiarity,  especially  in  pus-corpuscles. 

LiebkrkChn  ( I t ber  Bewtgung*(r*f.htiiiHng4ft  der  ZtUen , 1870)  holds  especially 
that  molecular  movements  within  the  body  of  the  cell,  the  formation  of  vacuoles  in 
the  same  place,  as  well  as  certain  phenomena  of  elasticity,  which  have  been  regarded 
as  phenomena  of  contraction,  and  the  true  movements  of  the  body  of  the  evil,  are 
independent  of  one  another.  The  proper  contractile  movements  of  cells,  whereby 
they  change  their  external  form,  are  independent  of  the  movements  of  contractile 
substances,  which  relate  to  the  appearance  and  disappearance  of  the  vacuoles. 

Roth  ( Yirch.  Arch..  XXXVI.,  p 1 45 » makes  prominent  the  great  harmony  which 
prevails  with  respect  to  the  chemical  reaction  of  fluids  or  tissues  in  which  the  phe- 
nomena of  protoplasmic  motion  are  observed.  This  reaction  is  almost  universally 
feebly  alkaline,  seldom  neutral,  never  acid.  This  chemical  condition  is  probably 
necessary  to  hold  in  solution  the  albumen  (Kf tine’s  myosin),  which  is  the  basis  of 
the  phenomena  of  life 

From  observations  directly  made  by  ScHCLTZE  (Arch.  f.  micr.  Anat.,  I.,  p.  1)  and 
others,  an  elevation  of  temperature  was  found  to  accel  rate  the  protoplasmic  move- 
ments of  white  blood -corpuscles  and  make  them  more  active.  According  to  Schenk 
(!!<>«.  acad.  t>iteung*her,  1889,  LX.,  p.  25)  the  blood -corpuscles  of  cold-blooded 
animals  still  move  at  — 5°,  those  of  warm- blooded  animals  at  — 8*  C.  The  blood- 
corpuscles  of  batrachians  may  be  frozen  for  hours  at  a time,  and  still  move  when 
warmed  to  4IU  C. ; in  those  of  rabbits  this  was  the  case  only  when  they  had  been 
frozen  for  10-15  minutes.  Sometimes  the  white  corpuscles  of  roan,  without  special 
preparation,  exhibit-  movements  10,  20  hours  and  longer  after  death. 

According  to  Bixz  (HrcA.  f.  micr.  Anat.,  III.,  p.  388)  qninia  acts  very  deleterionsly 
on  the  movements  of  protoplasm,  especially  of  the  white  globules. 

According  to  Suh  arkknbroiuh  (Med.  Ccntr.,  1807,  Xr.  52)  the  migration  of  white 
blood-globules  into  the  mesentery  of  the  frog  becomes  very  insignificant,  if  a solution 
of  quiniu  (certainly  in  great,  unusual  doses  in  therapeusis)  be  painted  on.  or  injected 
under  the  skin. 

By  the  employment  of  the  moist  chnmber  and  warm  objoct- plate,  ameboid  move- 
ments and  processes  of  division  in  red  globules  were  first  observed  by  PreyER 
( I uch.  Arch.  1804.  XXX..  p.  420).  then  by  RoLLET.  Klebs,  Beale,  and  Bastian  ; 
Friedreich  (It)..  XLL,  p.  305)  observed  them  in  bloody  urine  without  these  helps 
(probably  in  consequence  of  the  ingredients  of  the  urine).  Fr  observed  the  same 
also  in  two  cases  of  leucocythiemia ; Heller  ( Unterx. , p.  20)  likewise,  and  in  a case 
of  pneumonia  ; MoSLKR  in  leucocytha.*mia.  Many  other  observers,  however,  deny  the 
contractility  of  the  red-corpuscles. 

( oi.ohi.E88  corpuscles,  by  their  contractility,  are  also  able  to  take  up 
and  transport  foreign  suBSTANVKs  (carmine,  cinnabar,  milk-globules,  red 
blood-corpuscles,  dust  of  every  kind,  etc.). 

Injection  of  coloring  matters,  especially  cinnabar,  into  the  veins,  followed 
at  \ aryiiig  intervals  after  by  examination  of  the  t issues  and  organs  of  the  body, 
promises  manifold  results  bearing  on  physiological  and  pathological  condi- 
tions. A very  small  portion  of  the  coloring  matter  probably  passes  out  of  the 
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capillaries  frefc  or  extra-cellular,  but  the  greatest  part  of  it,  after  being  taken 
up  by  the  white  blood  corpuscles,  passes  out  intra-cellular.  The  passage, 
physiologically  important,  of  white  blood-corpuscles  into  the  secretions,  e.</. 
saliva,  mucus,  milk,  has  not  yet  been  demonstrated.  Injection  of  coloring 
matters  have  been  performed  by  pathologists  especially  to  learn  the  fate  of 
white  blood-corpuscles  filled  with  granules  of  coloring  matter,  and  which 
have  wandered  out  of  the  vessels.  .Many  believe  the  conclusion  authorized, 
that  every  young  tissue-element  (epithelial  cell,  cylindrical  cell,  muscle  cell, 
etc.)  which  contains  such  molecules  after  injection  of  coloring  matter,  is  a 
white  blood-corpuscle  in  the  process  of  metamorphosis  into  an  epithelial 
cell,  etc.  This  is  not  justified,  since  molecules  may  penetrate  into  very  soft 
young  tissue-elements  after  they  have  become  intra-cellular,  or  if  they  were 
until  then  extra-cellular. 

The  various  tissues  and  tissue-elements  harbor  the  coloring  matter  in 
various  ways;  sometimes  in  great  quantity,  sometimes  in  very  small  quan- 
tity, and  sometimes  not  at  all.  Experimentation  concerning  these  matters 
show  in  many  points  no  important  differences. 


That  the  white  globules  absorb  foreign  substances  into  their  interior  was  first  made 
known  by  Haeckel,  then  by  Cohnhktm,  Recklutguausen,  etc.  ; the  same,  with 
respect  to  the  red  globules,  was  demonstrated  by  Pkeyek  and  Likheuki’IIN. 

Pox ftc K ( Virr/i.  Arch.,  188f).  XLVIII.,  p.  1),  also  Huffman  and  Lanukiuiai's 
(lh.,  XLVIII.,  3U'l).  found  the  following  with  respect  to  the  continuance  of  coloring 
matter  (mostly  cinnabar,  seldom  aniline  blue  and  ultramarine)  after  its  introduction 
into  the  veins  of  frogs,  rabbits,  guinea-pigs,  and  dogs.  After  a few  hours  (4-(>)  the 
coloring  matter  was  almost  altogether  taken  up  by  the  white  globules.  Somewhat 
less  quickly  (to  24  hours)  a small  quantity  of  it  disappeared  from  the  circulation; 
whereas  a great  quantity  remained  in  it  after  many  weeks.  Cinnabar,  inclosed  in 
large  cells  partly  occupied  by  blood-globules,  was  found  in  the  blood  of  the  splenic 
veins  after  148  days.  The  spleen,  liver,  and  marrow  of  bones  contained  cinnabar  in 
the  intravascular  tissues  at  nearly  the  same  time  and  in  equal  degrees. 

The  spleen  and  bone-marrow  each  time  included  cinnabar  in  the  elements  of  their 
peculiar  tissue.  The  latter  showed  it  within  its  various  forms  of  cells,  with  the 
exception  of  the  giant-cells  and  small  round  cells  No  coloring  matter  was  to  be 
found  in  the  Malpighian  bodies  of  the  spleen,  nor  in  the  supporting  connective-tissue 
network  of  the  spleen  and  lymphatic  glands.  In  the  liver,  cinnabar  was  the  fre- 
quent cause  of  capillary  embolisms.  Its  accumulation  in  the  capillaries  follows  very 
quickly,  and  it  is  contained  within  the  white  globules  of  the  blood.  For  from  4 to 
(i  (lays  it  is  quite  uniformly  distributed  in  the  acini ; later,  in  guinea-pigs,  its  accu- 
mulation predominates  in  their  central;  in  rabbits,  in  their  peripheric  half.  The 
hepatic  cells  never  contain  them.  According  to  Ponfick,  cells  containing  cinnabar 
are  found  only  outside  of  the  vessels  in  the  lymph-spaces  in  the  neighborhood  of  the 
capillaries.  Coloring  matter  is  always  found  for  a certain  length  of  time  in  the  vessels 
of  most  organs,  and  then  at  the  earliest  moment  after  the  twenty-first  day  they  again 
become  extravascular  in  the  tissue,  and  indeed,  as  it  seems,  always  in  the  fine  con- 
nective-tissue corpuscles;  as  in  the  cornea,  conjunctiva,  iris,  cicatrices,  subcutaneous 
tissues.  The  spread  of  granules  of  cinnabar  in  the  individual  organs  is  very  incon- 
stant. They  are  often  found  in  the  tongue  (especially  its  mucous  membrane),  in  the 
salivary  glands  and  pancreas  ; in  the  mucous  coat,  seldom  the  submucous,  of  the 
intestinal  tract,  almost  never  in  its  muscular  and  serous  coats.  On  the  twenty-first 
day  the  kidneys  contain  cinnabar,  not  infrequently  distributed  over  the  whole  organ 
with  great  uniformity,  in  the  corpuscles  of  the  interstitial  tissue.  They  are  likewise 
to  be  found  in  the  connective  tissue  corpuscles  of  the  snpra-renal  glands  and  testicles. 
(In  an  impregnated  animal  neither  the  embryo  nor  placenta  contained  cinnabar.)  It 
was  more  often  found  in  the  mucous  membrane  of  the  larynx  and  trachea.  The 
lungs  were  always  very  rich  in  it,  on  account  of  numerous  capillary  emboli.  Bone 
and  cartilage-corpuscles  never  contained  cinnabar ; it  was  more  often  found  in  the 
synovial  membranes,  Haversian  canals  and  intermuscular  tissue.  The  brain  and 
spinal  cord  even  were  very  destitute  of  it.  The  lymphatic  glands  of  the  wound  of 
operation,  of  the  mesentery,  and  of  the  liver  contain  cinnabar  very  soon  after  the 
injection;  partly  free  in  the  lymph-sinus,  partly  in  the  round  cells,  or  in  the  latter 


FORMATION'  AND  COAGULATION  OF  FIBRIN. 


155 


only,  never  in  the  reticulum.  Cinnabar  was  found  only  very  late  in  the  remaining 
lymphatic  glands,  and  indeed  only  in  the  lymph-sinus  and  duets.  Cinnabar  has  nevei 
been  demonstrated  in  curtilage,  bone,  and  epithelium,  only  in  small  quantity  in  the 
central  nervous  system. 

it  kitz  t U V/  /i.  ucad.  Si!z<j*bt  r. . 1808.  LVII..  p 8)  saw  granules  of  coloring  matter, 
after  injections  of  cinnabar  into  the  blood,  in  those  elements  also,  which  had  never 
been  contained  within  the  vessels : as  in  the  epithelial  cells  of  all  the  mucous  mem- 
branes; likewise  in  the  cartilages,  in  the  cells  as  well  as  in  the  intercellular  sub- 
stance (also  Ht'TOB  and  Hkitzmann).  The  quantity  of  coloring  matter  was  so  much 
greater,  if  inflammation  affected  the  localities  in  question.  In  tut  impregnated 
rabbit,  coloring  matter  was  found  not  only  in  the  uterus  and  placenta,  but  also  in 
the  blood  of  the  foetus,  especially  abundant  in  the  capillaries  of  the  pia-mater.  The 
presence  of  cells  containing  coloring  matter  in  a mass  of  inflammatory  origin  does 
not  yet  decide  these  cells  to  be  migrated  white  blood-cells  without  further  investi- 
gation. 

Colored  particles,  especially  of  coal-dust,  are  very  commonly  found  within  the 
mucous  corpuscles  of  the  upper  pail  of  the  respiratory  tube.  How  this  and  other 
dust  penetrates  into  the  deeper  air- passages,  luugs,  etc.,  is  not  yet  accurately  known. 

White  blood-globules  as  well  as  wandering  cells  sometimes  also  take  up  red  and 
white  blood -globules  and  even  epithelial  cells,  and  move  away  with  them.  The 
former  takes  place  sometimes  in  the  same  manner  as  with  coloring  matters,  and  the 
red  globules  thereby  are  usually  divided  into  many  smaller  parts ; but  sometimes  the 
wandering  cell  surrounds  a much  larger  cell,  altogether  or  by  leaving  a part  free. 
(Huffman-,  Vireh.  Arc A.,  LI.,  p.  373.) 

The  CAUSES  OF  SECRETION  OF  FIBRIN  OR  OF  ITS  FORMATION  ale  of 
importance,  with  respect  to  the  theories  of  thrombosis,  dropsy,  and  inflam- 
mation. 

Fibrin  is  formed  by  chemical  combination  of  a fibrinoplastic  substance 
belonging  to  the  contents  of  ceils,  with  a fibrinogenic  substance  peculiar 
to  the  intercellular  fluids.  The  tibrinoplastic  substance  (paraglobulin)  may 
be  discharged  in  a solid  form  from  the  fluids  containing  it,  not  however 
in  a pure  state,  but  mixed  with  other  bodies,  lied  corpuscles  especially 
are  fibrinoplastic.  Chyle,  lymph,  pus,  corneal  tissue,  the  umbilical  vessels, 
the  lens,  indeed  almost  all  cellular  elements,  are  fibrinoplastic;  finally, 
fluids  in  which  the  cell-contents  are  transformed,  as  blood-serum,  the 
humors  of  the  eye,  saliva,  synovia.  The  white  of  the  egg,  tendon  and 
cartilage  are  not  tibrinoplastic.  Fibrinogens  are  not  only  those  coagulating 
spontaneously,  but  almost  all  serous  fluids,  which  by  the  addition  of  a 
tibrinoplastic  substance  are  coagulated.  The  white  of  the  egg,  the  humors 
of  the  eye,  normal  synovia,  have  no  fibriuogenetic  property.  Fibrin  is 
secreted  under  normal  conditions,  if  the  fluids,  e.g.  the  blood-plasma, 
which  contain  both  generators  of  fibrin,  have  been  withdrawn  from  the 
living  body.  In  the  body  even,  coagulation  of  the  blood  is  prevented, 
through  the  influence  of  the  walls  of  vessels. 

Bri'ckf.  has  demonstrated  by  numerous  experiments,  that  the  wall  of  the  vessels 
and  indeed  the  inner  membrane  of  the  bloodvessels,  ns  well  as  of  the  lymphatics, 
and  serous  membranes,  prevent  coagulntiou  of  the  blood  in  living  vessels.  He 
exposed  blood  at  a temperature  of  almost  0 C.  for  fifteen  minutes  to  atmospheric  air, 
then  returned  it  into  the  heart  or  vessels  of  an  animal  just  dead  and  hung  it  up  in 
a room  saturated  with  moisture.  The  blood  remained  liquid  many  hours  in  warm- 
blooded. many  days  in  cold-blooded,  animals.  During  this  time  a drop  of  blood  drawn 
from  the  vessels  coagulated  immediately.  If  a foreign  body  was  introduced  into 
the  vessel,  the  blood  coagulated  only  in  its  vicinity. 

We  are  indebted  to  Ac.  Schmidt  for  the  demonstration  of  the  fact,  that  fibrin 
has  its  origin  in  the  combination  of  fibrinoplastic  with  fibrogenetic  matter. 

That  blood-cells  arc  the  bearers  of  fibrinoplastic  material  is  known  from  this,  that 
coagulation  first  begins  in  their  vicinity  and  spreads  hence  into  the  remaining  liquid. 
Also,  from  the  fact,  that  blood-cells  in  giving  rise  to  coagulation  act  differently, 
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after  interferencte  with  their  nutrition,  c.g.  in  not  being  able  to  take  up  sufficient 
oxygen.  Hence,  it  must  be  admitted  that  they  cannot  develop  fibrinoplastic  sub- 
stance in  a normal  manner,  in  inflammatory  affections,  to  wit,  of  the  thoracic 
organs,  and  in  apnoea ; the  effect  must  be  greater  in  the  simultaneous  increase  of 
fibrogenetic  substance.  Slow  coagulation  of  the  blood  in  such  cases  is  nevertheless 
known. 

In  general,  the  slower  the  coagulation,  the  softer,  more  gelatinous  and  more  in- 
capable of  contraction  is  the  coagulum,  and  so  much  the  less  fibrinoplastic  sub- 
stance there  was  in  the  liquid. 

With  respect  to  the  influence  of  gases  on  the  coagulation  of  the  blood  : — the  pres- 
ence of  carbonic  acid  retirds  coagulation.  In  this  maimer  also  other  weak  acids 
act,  as  well  as  alkalies  and  alkaline  salts.  Oxygen  and  atmospheric  air  have  no 
direct  influence  on  coagulation,  for  blood  kept  a whole  week  in  the  air  retains  its 
efficiency.  Coagulation  is  retarded  not  from  the  want  of  oxygen  but  by  the  accumu- 
lation of  carbonic  acid,  as  well  as  by  the  simultaneous  deterioration  of  fibrino- 
plastic activity.  Transudates  remain  fluid  longer  in  closed  cavities  of  the  body 
than  in  the  air,  because  the  carbonic  acid  contained  in  them  cannot  escape. 

Coagulation  is  promoted  by  contact  with  the  air,  with  foreign  solid  bodies,  by  a 
temperature  elevated  to  55  C. 

Blood  which  had  been  taken  from  animals  half  an  hour  after  death,  always  coagu- 
lated much  more  slowly  than  that  drawn  earlier.  This  gradual  loss  of  energy  in 
spontaneous  coagulation  is  the  rule  in  blood  from  the  dead,  especially  in  that  of 
those  who  had  died  from  suffocation. 

According  to  Al.  Schmidt  (Dorpat.  1 H72 ) , a FERMENT  arises  in  the  blood  with- 
drawn from  the  vessel-walls,  under  the  influence  of  the  blood-corpuscles,  which  fer- 
ment induces  coagulation  of  fibrin.  The  fibrinogenic  and  fibrinoplastic  substances 
furnish  the  material  for  fermentation,  which  substances  together  must  be  exposed 
to  the  influence  of  the  ferment,  to  induce  fibrin-coagulation.  The  action  of  the 
blood-corpuscles  on  fermentation  depends  upon  hamioglobin.  Most  transudates 
taken  from  the  cavities  of  dead  bodies  contain  both  generators  of  fibrin,  and  no 
ferment.  They  coagulate  on  the  addition  of  the  ferment.  Others,  in  which 
fibrinoplastic  substance  is  wanting,  require  its  supply  for  the  production  of  coagu- 
lation. Neutral  alkaline  salts  interrupt,  low  temperature  wholly  prevents  coagula- 
tion. 

According  to  Mantegazza  (Ann.  univ.  di  medic.,  CCXVI.,  Apr.  1871,  Milan), 
coagulation  of  the  blood  and  of  other  eoagulable  liquids  depends  upon  a st  ate  of 
irritation  of  the  white-corpuscles,  which,  in  contact  with  foreign  bodies  or  inflamed 
tissues,  or  especially,  if  they  are  removed  from  their  physiological  conditions,  secrete 
a substance,  which  is  itself  fibrin,  or  the  cause  of  the  formation  of  fibrin. 

According  to  Boll  (Arch.  f.  Anat.  u.  Phys. , 1870,  p.  718)  the  blood  and  Berous 
fluids  of  the  embryo  are  incapable  of  spontaneous  coagulation. 

The  fluidity  of  the  blood  is  dependent  upon  a normal  state  of  the  endothelium  ; 
and  affections  of  the  endothelium,  in  which  the  cells  need  not  as  yet  have  lost 
their  vitality,  are  causes  of  coagulation.  (See  Inflammation.) 


The  quantity  of  lymph  is  not  known  with  respect  to  the  whole  body, 
nor  with  respect  to  single  organs  and  tissues.  Many  estimate  it  at  from  a 
fourth  to  a third  and  more  of  the  whole  weight  of  the  body.  It  naturally 
varies  with  the  general  and  local  quantity  of  the  blood,  with  the  activity 
or  rest  of  the  organ,  etc.  Not  equally  striking  are  the  different  relations 
of  the  quantity  of  lymph  under  pathological  conditions.  (See  Dropsy.) 

Gf.neksiCH  ( Arb.  am.  d.  phys.  Amt.  zu  Leipzig , 1871,  Y.,  p.  53)  found  not  only 
that  during  artificial  circulation  in  the  surviving  muscles  of  the  extremities  true 
lymph  is  stiil  produced,  but  that  also  there  were  great  differences  in  its  quantity,  de- 
pendent upon  rest  and  motion.  During  muscular  action  from  electric  irritation  the 
quantity  of  lymph  obtained  from  tendons  and  fascite,  in  many  trials  and  with  arti- 
ficial circulation,  was  more  than  three  times  as  great  as  that  obtained  during  rest. 
A considerably  greater  quantity  of  lymph  was  collected  during  passive  motion  than 
during  contractions  induced  by  the  galvanic  current.  The  pressure  on  the  lymphatic 
vessels  induced  by  muscular  movements,  is,  probably,  not  as  important  a cause  of 
acceleration  of  the  lymph-stream  as  the  tension  and  relaxation  of  tendons  and 
aponeuroses  connected  with  active  and  passive  motion.  Still  more  striking  is  the 
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difference  between  the  quantity  of  lymph  excreted  during  rest  and  motion  without 
the  employment  of  artificial  bloodletting. 

Lesser  (_lr5.  mu.  d.  phy*.  Aunt,  zu  Leipzig , 1872,  VL,  p.  04)  very  often  observed 
considerable  quantities  of  lymph  flow  in  a very  continuous  stream  from  the  thoracic 
duct  of  dogs,  whose  extremities  had  been  completely  paralyzed  by  curare,  and 
whose  stomachs  and  small  intestines  were  free  from  food.  In  a dog  after  fasting,  e.g. , 

Weighing  23800  grm. , with  1835  grm.  (hypothetical)  of  blood,  315  C.  cent,  in  4 hours. 

24750  •*  “ 1904  “ “ “ “ 296  “ “ 6 “ 

“ 15200  “ “ 1109  “ “ “ “ 261  “ “ 5&  “ 

“ 18000  “ “ 1431  “ “ “ “ 327  “ “ 7$  “ 

The  mean  flow  per  minute  was  between  0 and  1.24  C.  cent.,  most  frequently  0.3  to  0.8 
C.  cent.  The  peculiarity  also  of  the  animal  probably  played  a great  part.  In  two  cases, 
lymph  flowed  for  69  minutes  after  death  at  the  heart,  w'ith  almost  the  same  rapidity 
with  which  it  had  flowed  a short  time  before.  This,  according  to  the  author,  is  the 
result  of  the  varying  pressure  wh.ch  artificial  respiration  exercises  on  the  abdomen, 
ami  which,  in  other  cases,  is  caused  by  the  artificial  extension  and  flexion  of  the 
limbs.  When  the  posterior  extremities  were  simultaneously  flexed  and  extended,  the 
lymph -current,  as  Gen  ERsrcil  had  already  discovered,  was  each  time  considerably 
swifter  than  during  rest;  in  many  experiments,  in  the  proportion  of  5.7,  or  4.6,  or 
2.5  : 1.  Lymph  which  flowed  duringa  state  of  rest  was  in  most  cases  opalescent  (from 
fatty  floculi) ; that,  on  the  other  hand,  obtained  during  motion,  was  entirely  clear 
or  slightly  milky.  The  latter,  transparent  lymph,  proceeded  probably  from  the  jkw- 
terior  extremities,  the  former  from  the  abdominal  viscera.  The  large  secretion  of 
lymph,  which  appears  during  poisoning  by  curare.  Is  connected  with  lowering  of  the 
blood-pressure,  so  often  observed  during  the  action  of  this  poison  on  dogs.  The 
accelerated  lymph-current  and  lowering  of  the  blood -pressure  depend  upon  a con- 
gestion of  the  abdominal  viscera. 

The  circulation  within  the  cavities  ok  the  bodv  deserves  an  especial 
consideration. 

In  the  thoracic  cavity  inspiration  greatly  promotes  the  streaming  of 
venous  blood  from  all  the  vessels  of  the  body  into  the  heart ; usual  expira- 
tion exerts  no  essential  influence,  while  laborious  expiration  acts  as  a hind- 
rance. Besides  this  aspiration  of  the  blood,  esjiecially  from  the  vessels  of 
the  neck  and  head,  disturbances  in  the  leaser  circulation  arc  in  inspiration 
relieved  : the  lungs  develop  at  this  time,  and  the  resistances  in  the  more 
obstructed  vessels  decrease.  If  expiration  be  long  prolonged,  as,  e.g., 
in  impaired  elasticity  of  the  lungs  in  vesicular  emphysema,  hindrances  to 
the  entrance  of  venous  blood  into  the  thorax  increase,  the  veins  of  the 
neck  swell,  etc.  In  proportion  as  the  elasticity  of  the  lung  tissue  fails, 
the  pressure  of  the  air  in  the  lungs  increases  and  renders  more  difficult  the 
circulation  of  the  blood  through  them.  In  the  arteries  during  inspiration 
there  is  a lowering,  during  expiration  an  elevation,  of  the  blood-pressure. 

The  conditions  iu  inspiration  are  important  as  regards  injuries  of  the  large  veiys 
near  the  thorax,  since  the  central  end  of  such  a vein  sucks  in  air  during  inspiration, 
causing  the  greatest  disturbances  of  the  circulation,  and  even  instantaneous  death. 

llv  passing  a stream  of  blood  through  lungs  which  bad  been  removed  from  the 
thorax,  it  was  observed  that  the  stream  passed  slowly  into  the  organ  iu  a collapsed 
state,  quickly  into  it  when  moderately  distended  with  nir,  and  when  the  lungs  were 
fully  distended  the  stream  at  first  passed  quickly,  but  soon  became  slow.  (Ludwig.) 

In  the  cranial  cavity  the  blood-capacitv  likewise  varies.  In  children, 
when  the  bones  of  the  cranial  vault  are  movable  and  the  fontanelles  open, 
rising  of  the  brain  during  expiration  and  its  sinking  in  during  inspiration  can 
he  seen  and  felt;  a pulsation  even  of  the  brain-mass  can  there  l>e  observed 
iu  some  cases,  just  as  in  adults  after  injury  of  the  cranium  with  loss  of 
substance.  But  the  cranium  being  closed,  the  explanation  of  a deficient  or 
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full  supply  of  blood  to  its  contents  is  more  difficult.  Tn  dead  bodies  of 
adults  and  children,  one  can  become  convinced  of  the  most  various  decrees 
which  exist  with  reference  to  the  blood-supply  of  tin;  brain.  And  too 
great  effusions  of  blood,  exudations,  tumors,  etc.,  could  not  arise  in  the 
brain,  unless  room  for  them  could  be  found  within  the  cranial  cavity. 
Finally,  the  increase  anil  diminution  of  the  tilling  of  the  vessels  have  been 
directly  proven  by  microscopic  examination  of  the  pia-mater  of  living  ani- 
mals through  a piece  of  glass  hermetically  fastened  in  an  opening  in  the 
skull,  made  by  a trephine. 

In  general,  the  cranium  of  adults  is  a closed  immovable  capsule,  tilled 
by  the  brain  with  its  membranes,  the  cerebro-spiual  fluid,  and  the  vessels. 
The  brain  is  quite  incompressible.  If  we  admit  brain-pressure  because  we 
see  the  brain  dislodged  by  depressed  bone,  blood-effusions,  exudations  and 
tumors,  there  is  question  in  chronic  cases,  of  atrophy  of  the  brain,  in 
acute  cases,  oidy  of  displacement  of  movable  matter.  The  latter  can  be 
only  the  blood  or  eerebro-spinal  fluid.  Either  of  these  must  be  displaced  into 
the  spinal  canal,  which  is  capable  of  slight  expansion  through  the  elasticity  of 
the  intervebral  ligaments  and  by  the  possibility  of  a sudden  depletion  of  the 
blood  of  the  veins  of  the  spinal  cord  through  the  intervertebral  foramina. 
In  the  brain,  it  does  not  happen  as  in  the  spinal  cord,  that  there  is  a con- 
tinuous sub-arachnoidal  space,  but  here  are  found  many  larger  and  smaller, 
only  partly  connected  spaces.  The  larger  of  these,  between  the  cerebellum 
and  medulla  oblongata  and  under  the  pons,  cerebral  crura,  fossae  Svlvii, 
etc.,  connect  directly  with  the  sub  arachnoideal  space  of  the  spinal  cord,  while 
the  smaller  connect  in  part  with  one  another  in  the  corresponding  sulci,  but 
not  with  the  larger  spaces.  Hither  the  arachnoideal  fluid  flows  through  the 
lymphatic  vessels  into  the  neck,  or  through  the  communications  with  the 
lymph-channels  of  the  three  higher  organs  of  sense  in  to  these.  This  view 
of  the  relation  mentioned  between  the  blood  and  the  eerebro-spinal  fluid  is 
also  supported  by  the  fact,  that  in  dissection  the  quantity  of  the  blood  of  the 
brain  is  found  to  be  in  inverse  ratio  to  that  of  the  eerebro-spinal  fluid.  But 
it  must  always  be  admitted,  that  the  beginning  of  changes  in  the  quantity 
of  blood  in  the  cranial  cavity,  is  rendered  difficult  in  comparison  with  other 
organs. 

Donders,  in  the  above-mentioned  experiments,  showed  that  by  increasing  the 
pressure  of  expiration,  a vessel  of  0.04  mm.  diameter  enlarged  to  0 1-1  mm.,  and  one 
of  0.07  mm.  to  0.16  mm.  ; and  that  in  the  sudden  deprivation  of  blood,  the  vessels 
contracted  from  0.46  to  0.38.  from  0.41  to  0.29,  from  0.18  to  0.14  mm. 

The  eerebro-spinal  fluid,  the  spiral  course  of  the  four  great  arteries  of  the  brain 
before  their  entrance  into  the  cranial  cavity,  their  connection  with  one  another  and 
arrangement,  so  that  all  the  vessels  are  lost  in  their  branches  in  the  pia-mater  out- 
side of  the  brain — all  these  result  in  this,  that  within  the  substance  of  the  brain  and 
spinal  cord  arterial  blood  flows  under  proportionately  slight  pressure,  and  that  it  also 
shows  only  in  a very  moderate  manner  the  periodic  changes  of  pressure  of  the  pulse. 
To  this  apparatus  belongs,  perhaps,  the  perivascular  lymphatic  spaces,  which  commu- 
nicate freely  with  the  peri-cerebral  spaces,  and  through  these  with  the  lymphatic 
vessels  of  the  pia-mater  (His,  Ztxchr.  f.  wiss.  Zool XV.,  p.  127).  According  to  1? i r M 
( Virch.  Arch . , XLVII.,  p.  218).  the  veins  of  the  outer  surface  of  the  dura  are  some- 
how in  open  communication  with  the  serous  cavity  of  the  brain.  Probably  this  is 
effected  by  means  of  a network  of  lymphatic  vessels,  which  open  on  the  inner  surface 
of  the  dura,  but  on  the  other  side  is  in  direct  communication  with  the  veins. 

In  the  brain  the  arachnoid  is  separated  from  the  dura  by  a capillary  layer  of  liquid  ; 
in  the  spinal  canal  the  serous  cavity  is  reduced  to  null;  the  arachnoid  lies  immediately 
upon  the  dura.  Q0INCKE  (Arch.  f.  Aunt.,  lVn/*..  etc.,  1872,  p.  158)  injected  an  emul- 
sion of  cinnabar  into  various  parts  of  living  animals,  into  the  sub-arachnoid  space  of 
the  spinal  cord,  into  the  arachnoid  and  sub-arachnoid  spaces  of  the  brain.  A commu- 
nication was  thus  first  shown  to  exist  between  the  sub-arachnoid  spaces  of  the  brain 
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and  spinal  cord.  A current  is  found  in  the  sub-arachnoid  fluid  during  life,  from 
behind  forward,  ns  well  as  in  the  opposite  direction.  This  is  r.  s juratory  in  character 
(MagemiiK)  : the  yielding  venous  plexuses  of  the  spinal  canal  sink  in  during  inspira- 
tion. and  swell  out  during  expiration  more  strongly  than  the  fixed  cranial  sinuses 
(Uoki.k,  Physiol.  I nters,  itb.  d.  Jl<  ■ -cynngm  d<*  (Jehirnc*  ti.  Pork  nmnrk\  1843). 
The  cerebro  spinal  fluid  is  thereby,  during  expiration,  driven  out  of  the  spinal  canal 
towards  the  cranium,  while  inspiration  is  followed  by  an  opjiosite  effect.  There 
exist  openings  of  communication  in  the  arachnoid  between  the  arachnoid  and  sub- 
arachnoid spaces  of  the  brain  and  spinal-cord.  The  channels  for  the  escape  of  the 
cerebro  spinal  fluid  are  numerous.  A part  leaves  the  cerebro-spinal  cavities  together 
with  the  nerves ; along  with  these  channels  appear  to  exist,  which  usually  convey 
only  liquid.  Besides,  the  current  passes  the  cervical  lymph-glands,  in  the  dog  the 
upper-posterior  and  the  maxillary  glands.  Further,  fluid  passes  out  of  the  arachnoid 
and  sub-arachnoid  spaces  through  the  Pacchionian  granulations  (A  Key  and  Ret- 
ZICs).  Finally,  the  sub  arachnoid  fluid  is  regarded  as  passing  constantly  and  nor- 
mally into  the  sheath  of  the  optic  nerves  ; the  latter  is  a projection  with  yielding  walls 
of  the  sub-arachnoid  space.  Coloring  matter  is  always  found  most  constantly  and  in 
very  great  quantity  in  the  nub-vaginal  space  i i.e.,  in  the  space  between  the  external 
and  internal  sheath  of  the  optic  nerve).  Whether  the  supra  vaginal  lymph-space  also 
{i.e.,  the  space  between  the  external  optic-sheath  anil  the  muss.  rttroebor  bulbi) 
communicates  anteriorly  with  Tenon’s  space,  posteriorly  with  the  arachnoid  space, 
is  iu  question.  The  fluid  of  the  sub-arachnoid  spaces  of  the  brain  and  spinal  cord 
rarely  reaches  the  connective  tissue  stroma  of  the  choroid  plexus,  never  the  ventri- 
cles of  the  brain.  On  the  other  hand,  a continual  current  appears  to  exist  from  out 
of  the  fourth  ventricle  into  the  sub-arachnoid  space.  Magendie’s  foramen,  so-called, 
probably  does  not  exist.  The  wavs  of  communication  lie  in  the  intermediate  space* 
of  the  connective-tissue  meshes  which  form  the  pia.  (Quincke.) 

Consult  Althann,  J)rr  Krt-iA>vtf  in  de r Srhdddrii cky rtitxhohle.  1871. 

According  to  Li KIIERKKISTEU  < Prog.  Vjrtc.br. . 1804,  III.,  p.  Ill)  the  real  function 
of  the  thyroid  gland  is  to  regulate  the  supply  of  blood  to  the  brain ; the  aggregate 
area  of  a cross-section  of  its  four  arteries  is  not  much  less  than  that  of  the  arteries 
which  provide  for  the  brain;  as  to  the  brain,  blood  is  also  sent  to  it  from  each  of 
the  four  large  arteries  destined  to  the  up|»er  half  of  the  body.  According  to 
Maionikn  and  Guyon,  the  thyroid  gland  swells  during  strong  blood -pressure  and 
compresses  the  carotids,  thereby  preventing  a too  great  blood-pressure  in  the  brnin. 

In  the  ABDOMEN,  especially  in  the  vena  portio,  the  conditions  of  the  circu- 
lation are  in  general  important,  because  of  the  great  quantity  of  blood 
within  its  vessel*,  and  in  particular  because  of  the  theory  of  luemorrhoids. 
abdominal  congestions,  abdominal  plethora,  etc.  The  absence  of  valves  in 
the  portal  vein  renders  it  certainly  possible  for  the  blood,  hindered  in  its 
onward  flow,  to  return  easily  and  quickly  into  the  roots  of  the  vein  (the 
luemmrhoidal  veins,  etc.).  13y  this  also  is  the  circulation  equalized,  and  a 
1 Hemorrhoidal  bleeding  can  the  more  quickly  diminish  the  pressure  on  the 
whole  system.  In  a similar  manner  is  explained  the  swelling  of  the 
spleen  during  digestion:  the  blood  is  crowded  into  the  splenic  veins,  be- 
cause at  this  time  the  gastric  and  intestinal  branches  of  the  portal  vein 
are  more  largely  supplied.  The  slower  circulation  in  the  portal  vein,  due 
to  its  distance  from  the  heart,  and  to  the  passage  of  the  blood  through  a 
second  system  of  capillaries  in  the  liver,  is  assisted  by  the  respiratory 
movements,  by  the  pressure  of  intestinal  gases,  and  by  the  pressure  of  the 
abdominal  muscles. 

G.  I'..  Staid, , by  bis  work:  Dr  vena  porter,  porta  mdtorum  byjsxihondriiico-sjtlcnt- 
(‘  ‘'  ‘fufffri'iitiro-hysicrtco-hamorrhjyidjiriorftni,  flab,  101)8,  laid  the  foundation  for  the 
study  of  t he  maladies  connected  with  the  portal  vein.  According  to  him,  the  blood 
within  the  territory  of  the  valvelesa  portal  vein  may  easily  be  displaced  by  a kind  of 
peristaltic  movement  of  its  walls,  and  accumulate,  sometimes  in  the  stomach,  some- 
time.'' in  the  spleen,  sometimes  in  the  intestines. 

According  to  Lunwio  the  stream  in  the  hepatic  veins  is  considerably  retarded 
as  soon  as  the  atmospheric  pressure  upon  the  liver  is  only’  a little  increased  by  incuris 
of  u force-pump. 
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Concerning*  the  dependence  of  tiie  circulation  upon  the  nerves,  the 
following  points  are  worthy  of  attention. 

The  cardiac  nerves  arise — not  including  the  intra-cardial  nerve-centres — 
from  the  cervical  portion  of  the  sympathetic,  and  from  the  vagus  (from 
its  trunk  as  well  as  from  the  recurrent  nerve) : both  nerves  together  form 
the  cardiac  plexus.  The  vagus  is  the  nerve  of  arrest,  the  sympathetic  the 
excitor  nerve  of  the  heart’s  motion.  Section  of  the  vagi  in  the  neck 
causes  an  increase  in  the  number  of  the  heart’s  contractions,  two-fold  and 
more;  moderate  excitation  (mechanical,  chemical,  or  electrical)  of  the  same 
nerves  diminishes  the  number  of  contractions,  while  strong  excitation  is 
followed  by  complete  cessation  of  the  heart’s  movement  in  diastole.  Irri- 
tation of  the  medulla  oblongata,  as  well  as  of  the  upper  part  of  the  cervi- 
cal portion  of  the  spinal  cord,  acts  in  the  same  manner  as  irritation  of  the 
vagi.  The  effects  of  irritation  or  section  of  the  sympathetic  are  less 
certain : the  former  causes,  for  the  most  part,  an  acceleration ; the  latter,  a 
continuous  lowering  of  the  heart’s  contractions. 

The  constant  excitation  of  the  vagi  in  warm-blooded  animals  is  reflex  in 
character  (Bernstein).  Of  the  other  reflex  irritations  of  the  vagus,  are  known: 
mechanical  irritation  of  the  intestines  in  the  frog  (Goltz),  perhaps  also  in  many 
cases  in  man  ; irritation  of  most  various  sensory  nerves  (Lovkn),  but  only  so  long  as 
the  cerebrum  is  preserved  (Cyon)  ; also  irritation  of  the  trigeminus  by  chloroform, 
ammonia,  etc.  (Kratsciimer — Hering,  Wien,  amd.  Her.,  1870,  LXII.);  that  of  the 
abdominal  and  cervical  cord  of  the  sympathetic  (Bernstein),  of  the  vagus  of  the 
other  side  (Bezold,  etc.).  Moderate  expansion  of  the  lungs  increases  the  heart’s 
beats;  not  in  consequence  of  increased  pressure,  etc.,  upon  the  external  surface  of 
the  heart,  but  in  a reflex  manner  through  the  vagi.  The  sensory  nerve-tibres  of  the 
lungs,  irritated  by  this  expansion,  act  on  the  cerebral  centre  of  the  inhibitory  nerves 
of  the  heart  in  a similar  manner  as  act  the  fibres  of  the  depressor  nerve  on  the 
cerebral  centre  of  the  vaso-motor  nerves:  both  centres  are  in  a state  of  continual 
excitation,  which  is  reduced  by  irritation  of  the  nerve-fibres  mentioned.  These 
fibres  are  thus  the  nerves  of  inhibition  for  those  centres  (Hering). 

Digitalis  excites  the  inhibitory  nerves  of  the  heart,  and  the  peripheric  extremities 
of  the  vagus,  since  the  action  also  appears  after  section  of  the  vagi ; thus  it  reduces 
the  frequency  of  the  pulse.  Atropine  paralyzes  the  nerves  of  inhibition,  and  thus 
the  pulse  is  increased  in  frequency.  If  atropine  first  and  then  digitalis  be  injected 
into  an  animal,  no  decrease  of  the  frequency  of  the  pulse  will  be  observed  (Re- 
searches of  Traude,  Bezold,  Ackermann).  Dogiel  saw  the  heart  come  to  a 
standstill  at  the  beginning  of  chloroform  inhalation. 

A branch  of  the  vagus  discovered  by  Ludwig  and  Cyon,  mostly  from  the  superior 
laryngeal,  the  nerous  depressor  (which  passes  from  the  heart  to  the  nervous  centre 
of  the  vessels  in  the  spinal  cord),  probably  diminishes  the  resistance  opposing  the 
emptying  of  the  blood  of  the  over-filled  heart.  Irritation  of  its  central  end  is  fol- 
lowed by  dilatation  of  the  vessels  and  diminution  of  blood -pressure.  Irritation  of 
its  peripheric  end,  as  well  as  section,  is  without  effect. 

The  DEPENDENCE  OF  THE  VESSELS  UPON  THE  NERVES  consists  ill  this,  that 
the  hitter  keep  the  muscular  fibres  of  the  arteries  in  constant  tonic  con- 
traction, so  that  an  active  resistance  is  opposed  to  the  expansion  of  the 
vessels  from  blood-pressure.  This  continuous  excitation  upon  the  arterial 
wall  is  exercised  by  the  sympathetic.  After  section  of  this  nerve  in  the 
neck  the  lateral  pressure  of  the  walls  of  the  vessels  instantly  diminishes; 
the  blood,  in  proportion  to  its  pressure,  dilates  the  arteries,  and,  farther  on, 
the  capillaries  of  the  corresponding  side  of  the  head,  and  runs  through 
them  with  such  velocity,  that,  since  nutrition  does  not  increase  with  the 
quantity  of  blood,  it  does  not  become  venous,  but  remains  arterial,  and 
that  besides,  since  the  resistance  of  the  arteries  is  destroyed,  the  pulse 
continues  into  the  capillaries,  and  even  into  the  veins:  in  consequence 
there  occur  reddening  and  an  elevation  of  temperature  from  3°-GJ  C.  On 
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the  other  hand,  irritation  of  the  superior  cervical  ganglion  is  followed,  but 
more  slowly,  by  contraction  of  the  same  vessels,  paleness  and  lowering  of 
the  temperature.  These  inHuences  of  the  nerves  occur  physiologically  in 
blushing  and  in  paleness.  (Both  forces  have  no  influence  upon  the  calibre 
of  the  veins. ) The  differences  in  the  temperature  of  the  sick  and  healthy 
sides  again  recede  to  the  normal  condition  in  the  animal  under  ex- 
periment, but  l>ecomes  prominent  again  during  active  movements.  The 
differences  are  especially  striking  in  coldness,  loss  of  blood,  pain,  in  short 
in  all  those  states  which  mark  weakness  in  the  animal. 

Investigations  by  Durr?  (1816).  especially  however  by  Berhard  (1849  and  1852), 
also  by  Budoe,  Waller,  Brown-SIquakd,  Schiff,  y.  d.  Becke-Callkxfkes, 
DoNDKRS,  and  others." 

The  general  CENTRAL  ORGAN  FOR  THE  NERVES  OF  THE  VESSELS  is  ill  the 
medulla  oblongata:  irritation  of  it  in  the  uninjured  spinal  cord  and  sym- 
pathetic is  followed  bv  contraction  of  all  the  smaller  arteries  (with  con- 
secutive high  raising  of  the  blood-pressure  in  the  arterial  branches).  This 
constant  irritation  is  probably  due  to  the  influence  of  the  carbonic  acid  of 
the  blood.  In  suffocation,  the  same  strong  contraction  of  the  smaller 
arteries  takes  place  from  a similar  cause.  This  tonicity  of  the  vessels  is 
destroyed  by  section  of  the  spinal  cord  in  the  cervical  region : all  the 
muscles  of  the  vessels  of  the  body  relax,  with  considerable  fall  of  blood- 
pressure. 

According  to  BrnoK  ( Mtxl . Ctrbl . 1864.  No.  25),  the  centre  of  the  vaso-motor 
nerves  lies  in  the  cerebral  peduncles;  according  to  others,  still  higher,  iu  the  cere- 
brum : the  latter  may  at  least  exercise  an  influence  on  that  centre. 

Owsjannikow  (Arfi.  a ut.  d.  fthym.  A tut.  vi  Leipzig,  1872.  VI.,  p.  21)  has  exjieri- 
mentaliy  circumscritied  the  localities  from  which  the  vaso- motor  nerves  receive  their 
tonus,  and  in  which  they  receive  their  reflex  excitation.  In  rabbits  and  cats  the 
upjK'r  limit  of  this  locality  is  1-2  mm.  below  the  corpora  ({uadrigemina,  the  lower 
4-5  nira.  above  the  calamus  scriptorius. 

According  to  Goi/rz  ( Yirrh  .4 rch. , XXIX.,  p.  894),  besides  the  medulla  oblongata, 
the  spinal  cord  also  is  throughout  an  independent  central  orgau  for  the  vaso-motor 
nerves.  This  has  recently  been  confirmed  by  Hkuiskl  ( Yirek.  Arch.,  1872.  LVI., 
p.  24-8).  According  to  his  experiments  on  the  frog,  destruction  of  the  medulla 
oblongata  and  spinal  cord  causes  the  circulation  of  the  blood  and  resorption  to  cease, 
whilst  by  removal  of  these  organs  the  continual  stab-  of  excitation  of  the  whole 
system  of  vaso-motor  nerves  is  destroyed,  the  smooth -muscles  of  all  the  vessels  are 
relaxed,  the  tontu  of  the  vessels,  and  with  it  the  tension  of  the  blood  in  the  vessels, 
indispensably  necessary  to  the  circulation,  disappears. 

According  to  M.  Hafiz  (Arb.  rim.  d.  Leifm.  phy».  hut-.,  1870,  p.  95)  contraction  of 
tht  arteries  of  muscles  does  not  so  uniformly  follow  irritation  of  the  spinal  cord,  as 
is  the  case  with  other  arteries;  it  is  always  absent  in  poisoning  by  curare,  while 
other  arteries  are  contracted.  The  vaso-motor  nerves  of  muscles  arc  more  easily 
exhausted  than  others,  so  that  contraction  appearing  during  irritation  of  the  spinal 
cord  very  soon  passes  into  dilatation.  It  follows,  then,  that  not  all  arteries  are  ma- 
terially contracted  during  irritation  of  the  spinal  cord.  This  is  certainly  true,  how- 
ever, of  the  vessels  of  the  skin  and  intestines. 

According  to  S.  Mayer  ( Oe*tr.  nud.  Jh. , 1872,  p.  Ill)  strychnia  causes  a colossal 
increase  of  pressure  in  the  arterial  system,  which  depends  upon  an  extraordinarily 
intense  irritation  of  the  vaso-motor  centre  iD  the  brain,  and  the  resulting  contraction 
of  the  small  arteries.  Nicotina  iScrminsky,  Z.  f.  rat.  Med.,  C XXXVI.,  p.  211)  and 
Calabar  bean  i Bezold  and  Gotz,  Mid.  Ctrbl.,  1807.  p.  242)  act  in  a similar  manner. 
According  to  I RAUBK  an  habitual  use  of  aloohol  and  simultaneous  strong  exertion  of 
the  muscles,  also  the  excessive  use  of  tobacco,  diminish  the  (o/tus  of  the  arterial 
muscles,  and  thus  the  flow  out  of  the  aortic  system,  and  causes  chronic  endarteritis. 

B kown-Sequard’s  experiments  were  contemporaneous  with  Bernard's  (1852). 
B.-,  . advanced  the  theory  of  vaso-motor  action.  Sec  Longet,  I'raite  de  l‘/iyxiologii, 
t.  III.,  p.  612.  Paris,  1869.—  [Ed.] 
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Tti  a KEFLEX  MANNER  the  arterial  tonus  is  reduced  or  increased:  generally 
by  irritation  of  the  central  end  of  the  depressor  nerve,  as  well  as  by 
section  of  the  splanchnic  nerve  (the  vaso-motor  nerve  of  the  vessels  of  the 
abdomen)  ; locally,  in  an  arterial  district,  by  irritation  of  the  sensory  nerves 
of  the  corresponding  region.  The  latter  reflex  excitation  is,  in  healthy 
bodies,  in  uninterrupted  activity. 

Tim  size  of  vascular  regions  affected  by  irritation  of  sensory  nerves  depends  upon 
the  point  at  which  it  is  applied.  The  effect  of  irritation  of  a sensory  nerve  does 
not,  as  a rule,  extend  beyond  the  limit  of  its  peripheric  distribution  (Loykn). 

According  to  Notiinagel  ( Virr/i  Arch.,  XL.,  p.  SOU),  the  arteries  of  the  pia  mater 
contract,  by  electrical  as  well  as  by  mechanical  irritation  of  sensory  nerves,  mostly 
after  irritation  of  the,  crural  nerve.  Riegel  and  Jolly  (lb.,  LII.,  p.  218)  did  not 
find  this  to  be  constant. 

Like  the  transversely  striated  muscles  of  respiration,  the  vaso-motor  system  of 
nerves  experiences  a periodical  innervation  from  tho  side  of  the  respiratory  nerve- 
centres  in  the  medulla  oblongata.  Hence  periodical  contractions  of  the  muscles  of 
the  vessels  result,  the  so-called  respiratory  movements  ok  the  vascular  system 
which  are  associated  with  the  movements  of  respiration  (Bering,  Wien.  Sitzgsber 
Kith  Dec.,  1809). 

Special  vaso-motor  nerve-centres  exist  for  the  various  vascular  prov- 
inces. 

According  to  Schultz's  experiments,  sections  and  irritations  of  tho  cervical  sym- 
pathetic and  spinal  cord  show  no  constant  influence  upon  the  vessels  of  the  brain. 
Their  nerves  probably  take  their  origin  within  the  cranium  itself. 

Vessels  probably  possess  in  their  walls  nerve-ganglia,  which  govern  their 
size.  This  is  corroborated  in  part  by  the  direct  influence  of  the  tempera- 
ture, in  part  by  pathological  observation. 

The  conditions  mentioned  which  influence  blood-pressure  in  an  impor- 
tant manner  are:  every  enlargement  of  the  channel  is  followed  by  a lower- 
ing of  the  pressure;  every  contraction,  by  an  elevation  of  it.  The  former 
occurs  after  section  of  the  spinal  cord,  and  after  section  of  (he  splanchuics  ; 
the  latter  during  irritation  of  the  spinal  cord,  and  during  irritation  of  the 
splanchuics.  The  muscles  of  the  small  arteries  and  veins  in  the  whole 
hod)7,  or  in  a large  vascular  district,  contract  by  irritation,  e.g.  of  the 
splanchnic  n.,  whence  the  arterial  blood-pressure  increases.  For,  in  the 
first  place,  by  contraction  of  the  vessels  their  blood  is  driven  to  the  right 
side  of  the  heart  with  increased  velocity,  and  the  right  side  and  secondarily 
the  left  side,  in  a unit  of  time,  contains  more  blood.  In  the  second  place, 
contraction  of  the  small  arteries  causes  increased  resistance  at  the  end  of 
the  arterial  current;  the  disproportion  between  the  quantity  of  blood  enter- 
ing the  arteries  and  the  quantity  leaving  them,  in  a unit  of  time,  increases 
considerably ; consequently,  also,  the  pressure  of  the  blood  in  the  large 
arteries  increases.  Finally,  this  disproportion  is  increased  by  the  activity 
of  the  heart,  increased  secondarily  in  consequence  of  the  elevated  intra- 
cardial  blood-pressure.  (Investigations  of  Ludwig,  Bever,  Brzold,  Cyox, 
and  others.) 

Gor.TZ  (1.  c.)  has  already  rendered  justly  prominent  the  significance  of  the  activity 
of  the  vaso-motor  nerves,  with  respect  to  the  velocity  of  the  blood -current. 

According  to  Dooikl's  investigations  on  the  influence  of  the  nerves  upon  the  circu- 
lation of  the  blood  in  the  lower  extremities  (Arch.  f.  d.  r/es.  Phi/*..  1872,  V..  p.  130), 
there  appears  during  irritation  of  the  crural  or  sciatic  nerves  a retardation  of  the  blood- 
current,  and  an  elevation  of  the  blood -pressure  in  the  femoral  artery.  A prime  con- 
dition here  is  tho  contraction  of  the  transversely  striated  muscles.  Ever)7  contraction 


DILATOR  NERVES. 


1G3 


VASO-MOTOR  NERVES 


produces  in  the  vessels  of  the  lower  extremities  a fluctuation  in  the  blood -stream,  i.e., 
retarding  it:  but  this  retarded  blood-stream  in  the  arteries  and  veins  of  a limb  is 
accompanied  by  an  acceleration  of  the  blood  stream  in  the  other  and  quiet  limb.  At 
the  same  time  "a  slower  blood-current  has  more  time  for  interchange  of  material ; 
thus  more  oxygen  is  consumed  and  more  carbonic  acid  is  formed.  (By  this  is  explained 
the  utility  of  active  and  passive  gymnastics.) 

Excitation  of  sensory  nerves  is  followed,  for  the  most  part,  by  a reflex  contraction 
of  all  vessels,  and  therewith  elevation  of  blood  - pressure ; as  said  above,  there  appears 
in  the  region  of  distribution  of  irritated  sensory  nerves,  mostly  dilatation  of  the  ves- 
sels. and  this  may- give  rise  to  a decrease  of  blood-pressure.  After  removal  of  the 
cerebral  lobes,  or  after  narcotization  of  animals,  there  always  arises  dilatation  of 
vessels  only,  never  contraction  ; but  this  is  not  true  of  vessels  within  the  region  of 
distribution  of  irritated  sensory  nerves.  After  extirpation  of  the  cerebral  lobes  or 
narcotization,  irritation  of  sensory  nerves  is  followed  always  by  a decrease  of  blood- 
pressure.  but  never  to  so  great  a degree  as  during  irritation  of  the  depressor  nerve. 
(Cyon.  DitU.  (1.  Petermh.  .Tend. , XVI.,  p.  07,  1871.) 

According  to  Schifp,  not  only  the  small  arteries  (Lunwic.-TmnY),  but  also  the 
large  trunks  in  many,  probably  in  all  parts  of  the  body,  dilate  after  section  of  the 
cervical  portion  of  the  cord.  The  chief  cause  of  the  heart's  feebleness  and  of  the 
diminished  blood-pressure  lies,  consequently,  in  the  increase  of  volume  of  the  large 
dilated  vessels,  which  in  their  spacious  channels  retain  a great  quantity  of  blood, 
which  can  no  longer  return  to  the  heart,  ami  thus  is  withdrawn  from  the  circulation. 
Buch  an  animal  is  therefore  relatively  anaunic ; blood  is  wanting,  because  a great 
quantity  of  it  is  retained  at  the  periphery. 

Accor  ling  to  l‘r<’K  {Arch.  f.  Aim!.  Pky*.  u.  in'**.  Med.,  1872,  p.  563),  the  intensity 
and  quickness  of  appearance  of  the  reflex  contraction  of  vessels  are  in  direct  ratio 
to  the  strength  of  the  sensory  irritation.  Different  parts  of  the  body  need  differ- 
ent degrees  of  irritation,  to  call  forth  an  equal  contraction  of  the  vessels.  The 
time  of  contraction  and  its  intensity  vary  indirectly  to  the  size  of  the  vessel.  Dimi- 
nution in  the  velocity  of  the  current  goes  hand  in  hand  with  contraction.  Contrac- 
tion mostly  follows  dilatation,  which  Pick,  differing  from  Loy)n,  found  proportion- 
ate to  the  previous  contrac  tion.  Dilatation  is  a sign  of  exhaustion. 


Yaso-inotor  nerves  seldom  run  tin  independent  course,  but  are,  for  the 
most  part,  mixed  with  other  motor  or  sensory  nerves,  going  with  them  a 
greater  or  less  distance,  and  then  branching  from  them  to  the  vessels. 
(Vmeerning  the  distribution  of  the  \a  o- motor  nerves  in  single  regions  and 
organs  ot  the  body,  we  know  with  precision  very  little.  In  the  head, 
most  of  the  nerves  of  the  vessels  travel  with  the  trigeminus;  the  remainder 
are  furnished  by  the  cervical  sympathetic,  some  also  by  the  facial  nerve. 
.1  he  nerves  of  the  vessels  of  the  upper  extremities  (skin  and  muscles)  pass 
from  the  lower  cervical  portion  of  the  spinal  cord  through  the  anterior 
roots  and  communicating  branches  into  t he  thoracic  cord  of  the  sympathetic. 
I hose  for  the  lower  extremities  pass  from  the  dorsal  portion  of  the  spinal 
cord  into  the  sacral  coni  of  the  sympathetic;  those  for  the  intestines 
run  in  the  splanchnic  nerves. 

^ hilQ  the  nerves  just  described  are  nerves  of  contraction,  and  belong  to 
the  sympathetic,  there  are  besides,  for  isolated  parts  of  the  body,  nerves 
ok  dilatation  which  arise  immediately  from  cerebro-spinal  roots.  Nerves 
of  this  kind  pass  in  great  number  in  the  facial  nerve  to  the  mucous,  lachry- 
mal, and  salivary  glands.  After  irritation  of  the  chorda  tympani,  there  is 
an  active  determination  of  blood  to  the  submaxillary  glands;  the  veins  are 
filled  to  excess  with  bright  red  blood.  To  this  class  belong  the  nervi  erigen- 
t’*.  irritation  of  which  causes  an  increased  and  accelerated  flow  of  blood  to 
erectile  tissues;  the  blood  flowing  out  after  having  filled  the  latter  tissue  is 
nght  red.  Irritation  of  these  nerves  causes  erection  of  the  penis. 

1 he  nerves  supplying  the  veins  are  anatomically  but  little  known ; but 
physiological  observations  testify  to  the  presence  of  the  so-called  tonus  of  the 
> e ins.  Ihe  latter,  like  that  of  the  arteries, is  influenced  by  the  great  nerve- 
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centres.  Paralysis  of  the  tonus  in  a large  vascular  region  is,  from  purely 
mechanical  reasons,  followed  by  a lowering  of  the  heart’s  action.  Destruc- 
tion of  the  brain  and  spinal  cord  arrests,  after  a time,  the  circulation,  be- 
cause with  a loss  of  the  tonus  of  the  vessels  the  heart’s  action  becomes 
inefficacious,  for  the  vis-a-ten/o  which  tills  the  diastolic  heart  is  the  tension 
in  the  veins  ; if  this  ceases,  the  heart  remains  empty  in  diastole,  and  the 
blood  ceases  to  circulate.  The  tonus  is  sufficiently  increased  if  either  the 
medulla  oblongata  or  spinal  cord  is  left.  Restoration  of  the  circulation 
after  great  losses  of  blood  is  accomplished  in  great  part  by  this  tonus. 

Consult  Gout/,  (1.  c.).  The  following  experiment  by  Goetz  (Arch.  f.  <1.  ges.  Phys., 
1871,  V. , p.  58)  shows  that  the  veins  like  the  arteries  contract  under  the  influence 
of  the  central  nervous  system  and  force  their  contents  into  the  heart : If,  from  two 
frogs,  the  brain  and  spinal  cord  are  removed  from  the  one  and  not  from  the  other, 
and  both  are  suspended  perpendicularly  and  their  aorta?  cut,  scarcely  a drop  of  blood 
escapes  from  the  former,  while  1-2  C.  cent,  flows  from  the  latter.  The  mesenteric 
veins  of  the  former  are  flaccid  and  dilated,  their  contents  sink  from  gravity  into  the 
most  dependent  parts ; the  veins  of  the  bleeding  animal  are  narrower.  Bernstein 
(Bai.  kUn.  War, hr.,  1872,  No.  28)  places  another  interpretation  on  this  experiment. 
In  the  frog  with  uninjured  spinal  cord,  the  resorbed  fluid  Is  driven  by  contraction  of 
the  vessels  towards  the  opening  of  escape,  and  space  is  thus  provided  for  the  liquid 
flowing  out  of  the  lymph  sac.  If,  on  the  other  hand,  the  spinal  cord  is  destroyed, 
and  with  it,  therefore,  this  power,  the  contents  cease  their  movement  in  the  vessels, 
and  the  slight  pressure  upon  the  liquid  in  the  lymph-sac  is  insufficient  to  overcome 
the  obstruction. 

The  capillaries  are  without  nerves.  Concerning  the  influence  of  the 
nerves  on  the  lymphatics  likewise  little  is  known.  It  is  known  that  ir- 
ritation of  the  nerves  accelerates  the  flow  of  lymph  already  in  the  vessels, 
but  never  induces  one  not  present. 

Section  of  the  cervical  sympathetic,  which  increases  the  velocity  and  tension  of 
the  current  in  the  capillaries,  but  at  the  same  time,  by  the  warming  of  the  tissues, 
reduces  friction  in  the  capillaries,  in  some  cases  accelerates  the  separation  of  the 
lymph,  in  others  not.  During  the  reddening  of  the  skin  (by  injection  of  tinct.  opii 
into  the  veins)  the  blood-pres3ure  in  the  carotids  is  often  at  the  same  time  lowered, 
and  the  discharge  of  lymph  is  for  the  most  part  considerably  increased.  ( Ludwig.  ) 

According  to  Goltz  (1.  e. ) there  proceeds  from  the  brain  and  spinal  cord  a force 
by  which,  after  interruption  of  the  circulation  of  the  blood,  a more  abundant  stream 
of  liquid  is  driven  out  of  the  lymph-sacs  into  the  vessels,  heart,  and  aorta.  This  in- 
fluence of  the  central  organs  on  absorption  may  probably  be  reflex,  through  irritation 
of  distant  contripetal  nerves. 

What  is  true  of  the  veins  and  arteries,  with  respect  to  nerve-influence,  is  probably 
true  also  of  the  contractile  lymphatic  vessels. 


Much  less  known  than  the  influence  of  the  nerves  upon  the  circulatory 
apparatus  are  those  movements  of  the  heart  and  vessels  which  occur 
independently  of  the  nerves.  The  movements  of  the  heart,  besides 
being  dependent  on  the  vagus  and  sympathetic  and  its  own  ganglion  cells, 
depend  upon  material  changes  in  its  muscular  substance,  and  upon  the 
uninterrupted  supply  of  oxygenated  blood:  change  in  its  temperature,  in 
its  contained  oxygen,  carbonic  acid,  etc.,  induces  changes  in  the  movements 
of  the  heart.  The  latter  depend,  too,  on  the  resistance  of  the  mass  of 
blood,  the  number  of  movements  increasing  with  the  blood-pressure  in  the 
arteries,  etc.  Thus,  in  general,  we  surely  know  numerous  forces  which 
influence  the  heart’s  movements,  but  individually  these  cannot  with  cer- 
tainty he  discovered.  In  the  arteries,  and  probably  in  the  veins,  motor 
phenomena  are  known,  which  are  independent  of  nervous  influence. 
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ScniKK  first  observed  quickly  alternating  contraction  and  expansion  of  the  arteries 
in  the  ear  of  a rabbit.  These  movements  were  observed  by  SCHULTZ  in  the  arteries 
of  the  pia  mater  cerebri,  and  by  COHNIIEI.M  in  a frog’s  tongue  They  are  independent 
of  vase- motor  nerves  'for  they  continue  unchanged,  after  section  of  all  the  sympa- 
thetic and  cerebro-spinal  nerves),  of  the  heart’s  motion,  and  of  respiration.  According 
to  Bui'NTON  (.lr6.  aun.  d.  phye.  hut.  zu  Leipzig.  1W09,  p.  101)  such  vacillations  were 
also  found  in  all  other  exposed  arterial  branches  of  the  skin  and  connective  tissue. 

Seattle  cornutum  and  ergotiue  are  followed  in  their  use  by  contraction  of  the  small 
arteries,  and  thereby  by  elevation  of  blood-pressure  : the  former  is  dependent  upon  a 
direct  influence  on  the  muscular  structure  of  the  vessels  ( Brown-Sb^card).  Ac- 
cording to  Brit.VTON.  nitrite  of  amyl  acts  also  directly  upon  the  smooth  muscles  of 
the  arteries,  while  it  lowers  arterial  pressure  by  diminishing  the  resistance  of  the 
circulation.  After  its  inhalation,  there  immediately  arises  an  intense  reddening  of 
the  face,  with  a feeling  of  great  heat  in  the  face  and  head,  strong  injection  of  the 
conjunctiva,  increase  of  the  pulse  (20-30  beats),  diminution  of  tension  of  the  radial 
art.,  farther  on  faintness  and  feelings  of  distress  in  the  pit  of  the  stomach. 


1.  AS  .EMI  A : ISCH.EMIA. 

Local  an.emia,  or  iscii.emia,  is  that  condition  in  which  the  quantity  of 
hlood  of  a portion  of  the  body,  or  of  one,  or  many  parts  of  it,  is  either 
diminished,  or  less  in  proportion  to  the  blood-supply  of  the  rest  of  the  body, 
lu  the  DEAD  body  au  organ  is  called  ameraic  if  less  blood  flows  from  its 
cut  surface,  or  if  fewer  (roints  of  blood  are  observed  and  the  vessels  are 
emptier  than  in  the  normal  state. ; if  the  organ  appears  paler,  or,  at  least,  is 
deprived  of  it  s color,  for  the  normal  color  of  organs  depends  upon  the  red- 
ness of  the  blood  and  the  proper  color  of  the  organs.  For  this  reason,  too, 
not  all  organs,  c.tj.  pigmented  lungs,  become  pale  by  atuemia.  Besides,  the 
size  of  ansemic  organs  is  diminished,  their  weight  less,  with  less  turgor  and 
resistance. 

From  examinations  of  the  dead  only,  it  is  not  always  possible  to  conclude  with 
safety  respecting  the  blood-supply  during  life  and  before  death  : this  is  demon- 
strated by  many  clinical  observations,  as  well  as  by  experiments  on  animals.  Thus 
by  the  latter  method.  Ackerman  ( VirrJt,  Arch..  XV..  p.  401)  showed  that  death  by 
suffocation  is  always  associated  with  anaemia  of  the  brain,  and  that  the  often  per- 
ceptible hyperemia  of  the  brain  in  the  bodies  of  those  who  had  been  suffocated  is 
always  the  cousequenoe  of  a mechanical  gravitation  of  the  blood,  and  thus  is  a 
phenomenon  of  death. 

1 he  causes  ok  local  an  emia  sometimes  apjK*ar  alone,  sometimes  simul- 
taneously with  other  important-  conditions,  especially  with  general  atuemia 
(after  loss  of  blood,  etc.)  and  with  diminished  activity  of  the  heart. 

1.  Mechanical,  or  passive  an.emia  arises  most  often  from  pressure, 
which,  caused  sometimes  by  external,  sometimes  by  internal  forces,  affects 
either  the  vessels  altogether,  especially  the  arteries,  or  only  the  capillaries 
(pressure  upon  the  veins  alone  causes  venous  hyperaemia).  Anaemia  from 
pressure  on  the  surface,  e.f).,  occurs  from  pressure  by  articles  of  clothing, 
bandage,  etc. ; in  internal  parts,  from  strong  muscular  contractions,  accu- 
mulated secretions,  dropsy,  exudations,  extravasations,  contractions  of 
cicatrices,  new-formations  of  every  kind;  in  the  lungs,  in  marked  emphy- 
sema; in  the  intestines,  in  high  degree  of  meteorism ; in  the  brain,  in 
fractures  of  the  skull  with  depression,  etc.  These  forces  are  of  especial 
importance  when  the  organ  pressed  upon  cannot  turn  aside,  as  in  the  closed 
skull,  or  when  only  a trifling  avoidance  is  possible,  as  in  the  spinal  canal 
and  in  the  thorax  of  old  people. 

-■  Atuemia  occurs  from  contraction  or  occlusion  ok  arteries,  and 
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thus  is  a consequence  of  arrested  blood-supply:  arterial  irch.emia.  This 
form  of  anaMnia  arises,  besides,  through  pressure  on  arteries,  especially  in 
places  where  avoidance  of  it  is  impossible  ( e.g .,  the  art.  cruralis  above  the 
_j)ubrs,  various  arteries  beneath  firm  fasci®),  through  laceration,  ligation, 
and  obliteration  of  arteries,  through  autochthonic  and  embolic  thrombi, 
through  inflammations,  fatty  degeneration,  etc.,  of  the  arterial  wall— espe- 
cially if  a collateral  circulation  does  not  sustain  the  blood-supply. 

Here  also  in  part  belong  many  so-called  collateral  an.kmi.e,  e.g.,  the  collateral 
nnsemia  of  the  brain  in  expansion  of  the  arteries  of  the  thyroid  gland,  in  paralysis  of 
the  splanchnic. 

3.  Idiopathic,  or  spasmodic  an'.emia,  or  isch  emia  arises,  sometimes  from 
direct  influences,  e.g.  cold,  upon  the  arterial  muscles  themselves,  or  upon 
the  capillaries;  sometimes  through  contraction  of  the  arterial  muscles  in 
consequence  of  an  irritation  or  excitation  of  the  sympathetic.  The  latter 
occurs  at  the  centre  of  the  vase-motor  nerves,  in  their  course  or  at  their 
extremities;  it  happens  directly,  or  in  a reflex  manner.  Here  belong: 
emotions  of  a depressing  nature,  as  terror,  fear,  grief,  expectation;  excited 
passions,  as  anger;  many  convulsions,  local  as  well  as  general  (e.g.,  so-called 
reflex  epilepsy);  the  first  stage  of  ague;  many  paralyses  (limbs  paralyzed 
for  a long  time  are  mostly  pale,  cool,  their  pulse  smaller  and  less  distinct); 
many  hypersesthesm* ; electricity;  perhaps  the  habitual  use  of  alcohol  and 
intemperate  tobacco  smoking  (see  p.  161);  many  medicaments,  means  for 
arrest  of  blood-flow,  or  styptics,  particularly  lead,  ergot,  the  sulphates  of 
iron,  zinc,  copper,  etc.,  perhaps  also  tannin  and  the  mineral  acids ; some 
narcotics,  to  wit,  opium;  digitalis, 

IIkown-Skquard  first  demonstrated,  that  by  electric  irritation  of  the  sympa- 
thetic, conditions  opposite  to  those  caused  by  its  division  occurred,  but  more  slowly: 
namely,  contraction  of  the  vessels,  paleness  and  lowering  of  the  temperature  of 
the  part. 

SthK'KER  (1.  c.)  observed  the  almost  entire  closure  of  many  capillaries  (perhaps 
only  young  ones)  after  chemical  and  electrical  irritations.  The  contracted  capil- 
laries were  so  pale,  their  contours  so  ill-defined,  that  they  could  hardly  be  distin- 
guished from  the  surrounding  tissue.  This  is  independent  of  the  nerves.  Similar 
conditions  occur  probably  during  the  notion  of  many  poisons,  in  mucous  membranes 
brought  in  contact  with  the  poison.  An  affection  of  the  oesophagus  resulting  from 
the  action  of  caustic  alkalies,  soon  by  myself,  supports  this.  (Nauru,  Arch.  d. 
Jleilk. , XIII  . p.  221.) 

Among  the  medicaments  referred  to,  some  especially  are  frequently  employed  to 
induce  local  or  general  anaemia.  To  the  former  belong  the  so-called  styptics  ; to  tho 
latter,  especially  ergot  (see  p.  165)  and  digitalis.  The  latter,  after  injection  of  strong 
doses,  causes  a contraction  of  small  arteries,  r g. . of  the  mesentery,  even  complete 
closure  of  some,  and  thereby  an  increase  of  arterial  blood  pressure. 

According  to  Duboir-Reymond  (ArcJi.f.  Aunt.,  u.  n.  w.,  1860,  p.  461),  those  cases 
of  migraine  in  which  the  affected  half  of  the  head  is  pale,  etc.,  depend  upon  a tetanus 
of  the  muscles  of  the  vessels  of  the  part,  so-called  hemicrania  sympathico-tonica. 
With  the  abatement  of  pain  the  affected  ear  reddens  and  becomes  subjectively  and 
objectively  warmer,  in  consequence  of  the  fatigue  of  the  arterial  muscles. 

Tit aube  U).  Klin.,  1864,  Nr.  17)  accounts  for  all  febrile  phenomena,  by  assuming 
a tetanus  of  the  small  arteries,  chiefly  of  the  small  vessels  of  tho  body,  abundantly 
provided  with  muscle-fibres.  (See  Fever.) 

Along  with  anaemia  of  one  part  of  the  body,  there  is  always  found  hyper- 
feuiia  of  one  or  more  other  parts : collateral  or  compensatory  iiyper. emia. 
Collateral  hyperseinia  occurs  sometimes  only  in  the  immediate  neighbor- 
hood of  anaemic  parts  (the  so-called  hyperseiuic  area  around  inflammatory  or 
exudation  area,  and  new-formutions),  sometimes  at  a greater  distance  from 
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them,  as  in  hvpeiwmia  of  the  upper  lobes  of  the  lung,  in  anaemia  of  the 
lower  from  pressure,  etc.  ; hvpenemia  of  the  brain,  lungs,  etc.,  in  anaemia  of 
the  extremities.  Sometimes  it  affects  the  same  organ,  parts  of  which  are 
HUR-mic ; sometimes  it  affects  organs  at  a distance  («.«/.,  in  the  action  of 
intense  cold,  in  the  cold  stage  of  ague).  Its  extension  is  quite  the  same  as 
that  of  amentia  if  that  of  the  latter  is  small,  so  also  for  the  most  part  is  that 
of  the  former ; if  amentia  affect  the  whole  skin,  or  a large  portion  of  the 
intestines,  hvpenemia  also  can  affect  many  internal  organs.  Collateral 
hypeiamia  is  sometimes  arterial,  when  arterial  blood  flows  out  of  the 
vessels  in  the  vicinity  of  the  amemicpart  into  the  latter;  sometimes  venous, 
when  venous  blood  pours  into  the  empty  capillaries  and  veins,  behind  the 
contracted  arteries,  the  lateral  pressure  being  diminished.  Collateral 
hvpenemia  sometimes  lasts  long,  sometimes  it  passes  away  quickly,  when 
the  blood  is  not  long  retained  in  the  vicinity  of  the  anairaic  part,  but  is 
quickly  distributed  in  the  general  humors. 

The  symptoms  ok  anemia  are  paleness,  low  eh  temperature,  and 
diminished  function  of  the  parts  affected.  They  are  explained,  partly  by 
the  diminished  quantity  of  blood,  partly  by  retardation  of  the  blood-current. 
These  symptoms  are  known  with  certainty,  especially  in  external  parts, 
especially  the  skin,  in  the  muscles,  in  the  peripheric  and  central  nervous 
system.  Besides,  they  van  greatly,  according  to  the  degree  of  the  amentia, 
its  extension,  and,  at  least  in  stunt*  organs  (especially  the  brain),  according 
to  its  origin ; also  its  seat  and  extent  of  the  collateral  hyperamiia,  etc. 


PeleCHIN  I Vi  Pth.  Arrh, , lstjj).  XI,Y..  p 417)  has  experimentally,  and  in  surgical 
cases  investigated  the  influence  of  distant  ligation  of  main  arterial  branches  upon  the 
Cvtrrespt  titling  capillary  and  venous  circulation.  After  ligation  of  large  healthy 
arteries  the  circulation  is  arrested  only  when*  there  is  present  no  arterial  passage 
for  Hood  circulation.  In  all  other  r ;ei  * the  circulation  remains  uninterrupted, 
with  the  only  effect  of  di.u.iiishtng  for  a sliort  time  the  quantity  of  blood,  aud  the 
rapidity  of  its  circulation.  The  phenomena  of  */</*?'*  are  very  marked  only  in  the 
first  e isc,  and  appear  in  Warm-blooded  animals  in  much  smaller  proportion,  on  account 
of  the  very  small  channels  through  which  regurgitation  is  possible,  .since  the  larger 
veins  are  provided  with  valves. 

According  to  S wiOTTl  ( Yirch.  Areb..  L..  p.  503),  the  circulation  in  the  web-mem- 
hrane  is  retarded  after  closure  of  the  femoral  artery;  neither  in  the  arteries,  nor  in 
the  v rs  are  the  central  column  of  blood -corpuscles  and  the  peripheric  serous  n>nc  to 
be  distinguished  ; rather,  the  channel  of  the  vessels  is  uniformly  filled  by  u mass  which 
cousis’H  of  isolated  blood -globules  floating  in  serum.  The  channel  is  filled  full  in  the 
capillaries  and  small  veins,  and  the  retardation  of  the  circulation  in  them  is  greater 
th  in  in  the  large  vessels  ; sometimes  the  blood  moves  with  extreme  sluggishness ; the 
niaigiral  zones  are  not  present.  The  circulation  gradually  becomes  quicker  again, 
ai  d ' saw  it  restored  to  its  normal  condition  11(1  hours  after  ligation.  Irritation  of 
th<-  web- membrane  here  acts  just  as  in  the  open  femoral  artery. 

Consult  also  Samuel  ( VirrJt.  ,1«A,  LI.,  p.  41)  on  the  influence  of  ligation  of 
the  arteries  upon  the  origin  and  course  of  gangrene  and  inflammation. 

II  Nasse  ( U liter*.  ub  die  /•Jinthnme,  vxlehe  die  LfpnphbiXdung  bebrneefun,  1871) 
finds  an  increase  of  the  lymph-current (24-10  percent.)  after  ligature  of  the  carotids 
1 he  watery  conteuts  increase  with  the  decrease  in  the  quantity  of  lymph. 


J lie  duration  of  as.emia  is,  according  to  its  cause,  sometimes  short, 
lasting  seconds  and  minutes,  sometimes  longer.  Uj»on  this  depend  in 
great  part  t he  results.  They  are  as  various  in  short  duration,  as  the  organs 
(the  skin  contrasting  with  the  brain).  In  longer  duration,  on  the  con- 
trary, or  in  complete  amentia  appearing  suddenly,  the  nutrition  of  the  part 
xs  lessened,  even  when  the  antenna  affects  the  vessels  only  with  respect  to 
their  function  ; it  gives  rise  to  atrophy  of  various  forms,  even  gangrene, 
lu  an .em i a of  the  skin,  it  appears  white  or  faded,  which  in  the  absence 
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of  other  abnoVmal  colorings  of  the  skin  is  certainly  striking  ; it  appears  to 
have  lost  somewhat  in  volume  (unless  complications,  as  dropsy,  have  arisen). 
The  sick  person,  as  well  as  the  physician,  feels  the  skin  to  be  colder.  I ts 
secretion  is  diminished  ; it  is  dry  and,  for  the  most  part,  without  lustre. 
An. EM i A of  the  cutaneous  nerves  is  manifested  by  diminished  functions 
of  those  nerves : pale,  e.g .,  chilled  parts  of  the  skin  feel  harder,  or  give  the 
subjective  feeling  of  numbness.  Operations  on  such  parts  are  less  painful 
(so-called  local  anaesthesia). 


Anosmia  of  the  skin  is  shown  most  clearly  daring  the  action  of  low  temperatures 
(air  or  water) ; the  skin  appears  pale,  but  from  long  duration  of  cold  it  becomes  blue. 
The  latter  arises  from  the  fact  that  by  the  retardation  of  the  blood-current  the 
blood-corpuscles  take  up  more  carbonic  acid  than  normal. 

According  to  Alsbeho  {Mtrb.  Diee.,  18(53),  anaemia  (and  hypenemia)  of  the  skin  is 
attended  by  a diminished  sense  of  distance.  The  sense  of  temperature  is  blunted  by 
hyperannia,  lessened  by  aruumia.  If  the  finger  is  held  for  a long  time  in  ioe-water, 
well-known  sharp  pains  result.  If,  on  the  other  hand,  it  is  held  in  cold  alcohol,  even 
of — 5 0.,  no  pain  is  felt,  while  the  touch  is  still  retained.  Glycerine  acts  iu  a 

similar  manner,  while  ether  gives  rise  to  the  same  pains  as  ice-water.  This  physio- 
logically important  fact  of  an  artificial  separation  of  the  sense  of  touch  from  the 
feeling  of  pain,  is  also  of  value  surgically  (Horvath,  Med  Ctrl/)!. , 1873.  Nr.  14). 

Notiinaoel  (I).  Arch.  f.  kl.  Slid.  18(5  5,  II.,  p 173)  describes  a neurosis  of  the 
hands  and  fore-arms  dependent  on  arterial  cramp,  which  consisted  in  a feeling  of 
numbness  and  tingling  or  cutting  pains,  always  with  a disagreeable  sense  of  cold, 
with  diminished  sense  of  touch,  and  little  or  no  disturbance  of  motility.  The  fingers 
and  hands  were  pale,  and  from  $-2  C.  colder.  The  phenomena  were  sometimes 
most  marked  in  the  morning  alter  rising.  Warmth  moderated  them  ; likewise  irri- 
tants to  the  skin  (rubbing,  but  especially  the  constant  current).  Not  infrequently 
similar  and  sometimes  painful  cramps  affect  smaller  localities,  e.g  , the  ends  of.  the 
fingers,  limited  portions  of  one  or  many  fingers.  They  arise  quickly,  and  disappear 
quickly,  or,  for  the  most  part,  slowly,  their  duration  lasting  sometimes  weeks  and 
mouths. 

An.emia  of  the  voluntary  muscles,  of  slight  degree,  is  known  by  dimin- 
ished contractility,  stiffness  and  numbness;  if  the  ansemia  is  in  high  degree 
and  arises  suddenly,  it  is  followed  by  complete  paralysis  of  the  muscles 
(just  as  in  the  lower  half  of  the  body  after  ligation  of  the  abdominal  aorta, 
in  the  extremities  after  ligation  of  different  arteries). 


According  to  KOHNE  ( Kdnigeb . Ztschr. , 1857),  the  affected  muscles,  in  compres- 
sion of  the  abdominal  aorta,  remain  a long  time  transparent,  if  they  have  lost  also 
their  power  of  contraction ; the  latter  returns  with  the  return  of  the  circulation. 
If  the  muscle-substance  is  clouded  (true  poet  mortem  rigidity),  their  irritability  does 
not  return  after  removal  of  the  ligature.  Rosenthal  ( Wien.  med.  Jahrh .,  1872, 
' p.  404)  found  the  eleetro-muscular  contractility  destroyed,  about  two  hours  after 
closure  of  the  iliac  and  femoral  arteries.  After  removal  of  the  obstruction,  con- 
tractility was  gradually  restored. 

The  phenomena  of  an.emia  of  the  muscle  of  the  heart  arc  as  yet 
but  little  known. 

Re/.oi,])  {Med.  Ctrlbl.,  1857,  Nr.  23)  closed  with  forceps  the  coronary  arteries  of 
the  heart,  after  previous  section  of  the  n.  vagi,  cervical  sympathetics,  and  the  cervical 
portion  of  the  cord.  After  10-15  seconds  the  heart  beats  became  less  frequont, 
after  minutes  irregular,  after  1-H  minutes  the  ventricles  were  completely  re- 
laxed. After  removal  of  the  obstruction,  the  pulsations  began  again  and  soon 
became  perfectly  regular. 

An.emia  of  smooth  mus  'L  e-fib  res  has  as  yet  hardly  been  considered. 
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According  to  Osf.r  and  Schlesinger  (Med.  CtrUA..  1871.  Nr.  52.  Oextr.  .Ttlirb 
1872,  p.  57).  irritation  of  the  central  nervous  system  through  interruption  of  the 
respiration,  through  acute  anaemia.  or  through  interruption  of  the  arterial  blood- 
supply,  gives  rise  after  a few  (10-50,  or  80-120)  seconds,  to  a general  contraction 
of  the  uterus  (not  impregnated).  The  irritation  is  communicated  through  the 
spinal  cord.  (The  blood  of  suffocation,  if  it  has  its  origin  in  suspension  of  the 
respiration  or  compression  of  the  aorta,  likewise  gives  rise,  only  later,  to  a geueral 
uterine  movement. ) 

AnjEmia  of  the  brain',  in  its  highest  grades,  if  general  in  extent  and  of 
very  quick  origin,  as  from  ligation  of  all  four  of  the  cerebral  arteries,  is 
followed  by  loss  of  consciousness,  of  voluntary  movement,  of  sensibility 
to  irritants,  by  retardation  of  the  respiration,  by  acceleration  of  the  pulse, 
dilatation  of  the  pupils,  convulsions, — thus  resembling  an  attack  of  epi- 
lepsy or  eclampsia.  Lighter  grades  of  general  cerebral  anaunia  are  proba- 
bly, for  the  most  part,  the  causes  of  fainting  tits,  which  affect  those  who 
had  been  very  sick  or  are  convalescent,  during  their  efforts  to  sit  up  in 
bed,  stand  up,  etc.  After  ligation  of  one  carotid,  or  after  total  embolism 
of  it  or  of  an  a rt.  fosses  St/lvii,  there  often  arises  sudden  paralysis  of  the 
opposite  half  of  the  body.  In  the  less  sudden  ap|rearance  of  amemia,  and 
iu  individuals  of  different  ages,  the  symptoms  differ  and  its  diagnosis  from 
hyperfemia  often  becomes  difficult.  Amemia  of  single  parts  of  the  medulla 
oblongata  is  of  especial  importance,  because  of  the  many  cranial  nerves 
which  arise  therefrom,  especially  the  vagi,  and  because  of  the  influence  of 
these  nerves  on  cardiac  and  respiratory  movements.  Sometimes  amemia 
of  separate  parts  of  the  brain,  and  hypenemia  of  other  parts  (not  merely 
of  those  iu  the  immediate  neighborhood  of  those  affected  by  the  former), 
occur  at  the  same  time  ami  give  rise  to  the  most  complex  symptomatology, 
particularly  that  of  pressure  simultaneously  with  that  of  irritation. 
Amemia  of  the  brain  substance  and  similar  affections  of  the  meninges 
cannot  be  separated.  Amemia  of  the  membranes  and  of  most  external 
parts  of  the  brain  are,  usually,  simultaneous. 

The  acceleration  of  the  pulse  (A.  Coofer),  following  closure  of  the  carotids,  de- 
pends. according  to  Mosso  (V Impart,  1872,  XII.,  Nr.  17),  upon  an  irritation  in 
part  of  the  vaso  motor  nerves,  in  part  npon  that  of  the  nerves  which  preside  over 
the  acceleration  of  the  pulse  The  amemia  does  not  act  as  the  irritant,  but  the 
absence  of  the  circulation.  M.  found,  that  closure  of  the  common  carotids  exerted 
a less  intense  effect  than  that  of  the  internal  carotid ; also  that  after  compression 
of  the  common  carotids  the  blood  changes  its  direction  in  the  internal  carotid,  and 
flows  into  the  external  carotid. 

Kussmaui.  and  Tenner  (MoUschott's  Unter».  t.  Naturi.,  1857,  III.,  It.  by  a series 
of  experiments  on  rabbits,  with  regard  to  the  origin  and  nature  of  epileptoid  con- 
vulsions in  haemorrhage,  as  well  as  of  epilepsy  in  particular,  obtained  important 
results.  Convulsions,  which  appear  from  haemorrhage  in  warm-blooded  animals  and 
man.  resemble  those  observed  in  epilepsy.  Similar  convulsions  appear,  if  the  brain 
has  suddenly  been  robbed  of  its  red  blood,  as  by  ligature  of  the  great-  arteries  of  the 
neck.  (Also,  when  arterial  blood  quickly  assumes  the  character  of  venous,  as  by 
ligature  of  the  trachea.)  Probably  the  appearance  of  convulsions  in  these  cases 
depends  upon  the  suddenly  interrupted  nntrition  of  the  brain  (not  upon  changed 
conditions  of  pressure,  to  which  the  brain  is  subjected).  Epileptic  convulsions  have 
their  central  foons  in  the  excitable  regions  of  the  brain,  which  lie  behind  the  optic 
Thai,  \ mi.  Amemia  of  the  parts  of  the  brain  lying  anterior  to  the  crura,  gives 
rise  m man  to  loss  of  consciousness,  insensibility  and  paralysis.  The  blood  of  the 
cranial  cavity  is  greater  in  quantity  after  ligature  of  the  arteries  than  after  bleeding; 
the  want  of  blood  always  affects  especially  the  small  arteries,  capillaries  and  smallest 
r1""  [See  K and  T on  Epileptiform  Convulsions  from  Hifnutrrhnge.  New  Syd. 
Soc  Trans.,  Lond.  1850 Ed.] 

According  to  Sciici.tz  ( Prtr.rxb  med  7Axr.hr.,  1870.  I.  II..  p.  Oil.  the  iris  mid  fissure 
of  the  lids  at  first  contract  after  ligature  of  the  carotid  an  l vertebral  arteries ; the 
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lifls  closo  spasmodically;  the  animals  are  unconscious  and  show  no  reaction  tc 
external  irritants;  the  eye-balls  are  drawn  back  in  the  orbits,  and  turned  upward 
ami  outward;  respiration  is  accelerated.  After  10-30  minutes  (?).  the  respiratory 
movements  become  slower,  the  cervical  muscles  are  paralyzed,  the  head  drops  upon 
the  breast,  the  animal  bends  over,  the  pupils  dilate,  and  the  eyes  become  prominent. 
Then  tonic  contractions  of  the  cervical  muscles  and  general  convulsions  appear. 
The  extremities  contract  in  clonic  form;  then  the  convulsions  become  more  tetanic, 
and  finally  disappear  altogether.  These  attacks  last  ^-2  minutes.  After  a short 
pause,  then  begins  a second,  and  third  attack,  but  always  weaker  and  shorter  than 
before.  If  the  ligature  he  removed,  respiration  quickens,  and  consciousness  returns. 
Microscopical  examination,  if  carotids  and  vertebrate  are  simultaneously  ligated, 
shows  a distinct  paleness  of  the  cerebral  vessels,  a distinct  movement  of  the  blood- 
corpuscles  in  the  small  arteries,  the  blood-movement  appears  in  the  veins,  the  mass  of 
blood- corpuscles  loses  in  density. 

Noth NAGEL  (1.  c.),  from  experiments,  by  which  he  observed  the  vessels  of  the 
pia-mater  through  a trephine-hole  in  the  skull,  thinks  that  many  epileptic  attacks 
have  their  origin  in  a reliex  contraction  of  the  cerebral  vessels  (with  these  the  vessels 
of  the  pia  have  a common  origin)  in  consequence  of  irritation  of  peripheric  sensory 
nerves.  Many  cases  of  so-called  reflex  epilepsy  testify  to  this.  (See  p.  103. ) 

The  signs  of  so-called  compression  of  the  brain,  besides  which  there  often  exist 
at  the  same  time  concussion  and  contusion  (in  consequence  of  fractures  of  the  skull 
with  depression,  haemorrhage,  etc  ),  are,  in  general,  loss  of  consciousness,  sleepiness 
(or  sopor,  coma,  stupor,  etc.),  normal  cardiac  and  respiratory  movements  or  retarda- 
tion of  both,  etc.  According  to  Pagknsteuukr,  a pressure  upon  the  brain,  sufficient 
to  destroy  life,  must  amount  to  about  180  mm.  quicksilver,  and  thus  equal  the  blood- 
pressure  in  the  carotids.  Consult  text-books  on  surgery.  Also  the  experimental 
investigations  of  Hegelmaykr,  Die  Athe.mbmrey ungen  beim  Jlirndruek , Tub.  Dias., 
18d!».  Leyden,  Virch.  Arch..  18(53,  XXXVII.,  p 51!).  Joi.i.y,  ['/tier*,  iib.  d. 
Gehirndnuik  u.  ill) tr  die  IMutbeiregung  tin  Sehddel,  NViirzburg,  1871.  Pag  ensteciier, 
Exper.  u.  Studien  iiber  Gehirnd  ruck,  Heidelberg.  1871. 

SciiIFP’s  experiment  demonstrates  the  crossed  conduction  of  sensations.  During 
compression  of  the  carotids  near  the  larynx,  there  appear  formication,  slight  feeling 
of  warmth  in  the  extremities,  and  half  of  the  head  of  the  other  side.  During  com- 
pression of  longer  duration,  there  arises  decrease  of  sensibility  to  pain  and  pressure 
in  the  parts  of  the  opposite  half  of  the  body. 

According  to  Durham  ( Guy' a ifosp.  li>p.,  1860.  VI..  p.  140),  anasmia  of  the  brain  is 
the  normal  condition  in  sleep.  This  is  shown  by  examination  of  the  brain  through  a 
hole  in  the  skull  made  by  a trephine,  during  sleep  from  chloroform;  as  soon  as  the 
animal  awakes,  the  surface  of  the  brain  reddens  and  bulges  out  of  the  cranial  open- 
ing. According  to  Obebsteinkr  ( AUg . Ztschr.f.  Vsych  , 1872,  XXIX.,  p.  224),  the 
accumulation  of  acids  arising  from  fatiguing  activity  in  nerve-  (Fun re)  and  brain 
(HEiDENHArN)  causes  fatigue  of  the  brain  and  sleep : and  indeed  anamiia  acts  like 
hyperaemia,  etc.  [Consult,  W.  A.  Hammond,  Sleep  and  it*  Derangements , 1’hila., 
186!).— Ed.  J 


An.emia  of  tiie  spinal  cord  gives  vise  to  paralysis  of  sensation  ami 
motion  of  all  the  nerves  of  the  extremities  given  off  below  the  part 
affected  (most  so-called  paraplegire),  also  of  those  of  the  trunk,  respiratory 
muscles,  bladder,  and  contraction  of  the  pupils,  according  to  the  extent  of 
the  anaemia. 

Isuh.emio  paralyses  are  those  in  which  the  motor  affection  of  innerva- 
tion is  dependent  on  a cutting  off  of  the  arterial  blood  supply  in  certain 
parts  of  the  nervous  system. 

Stenon  already  in  1667  demonstrated  the  same  fact,  by  compressing  or  ligating 
the  abdominal  aorta  in  rabbits,  beneath  the  point  at  which  the  renal  arteries  are 
given  off:  after  a few  minutes  there  appeared  complete  paralysis  of  the  hind 
extremities,  which  in  compression  of  short  duration,  after  a short  time,  again  passes 
away.  The  paralysis  did  not  proceed  from  the  muscles,  as  Stenon  and  others  believed, 
but  from  experiments  by  Longet,  Sum  up.  Sum  peer,  etc.,  it  has  its  foundation  in 
the  arrested  excitability  of  the  spinal  cord  and  peripheric  nerves : closure  of  the  spinal 
branches  of  the  lumbar  arteries,  entering  through  the  intervertebral  foramina,  is 
followed  by  an  antenna  of  the  spinal  cord,  probably  chiefly  of  the  gray  substance. 
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Krsssf Ai'L  ( Bert.  klin.  Wchntchr.,  1872,  Nr.  37)  found  in  a case  of  so-called 
tetany  (CoRVISART’s),  which  was  characterized  by  attacks  of  tonic  convulsions  of 
many  symmetrical  muscles  of  all  four  extremities,  the  signs  determined  by  Trous- 
si:.u\  that,  to  wit,  in  the  intermediate  parts  free  from  convulsions,  convulsions 
appear  as  soou  as  pressure  is  exerted  upon  the  principal  artery  of  the  member. 

The  spcretion  of  glandular  organs  is  diminished  in  consequence  of 
anaemia,  and  probably  also  changed. 

In  the  kidneys  there  arises,  e.y.,  in  incomplete  filling  of  the  left  side  of 
the  heart  and  incomplete  tilling  of  the  renal  arteries,  a diminution  in  the 
quantity  of  the  urine;  the  urine  is  deficient  in  water,  concentrated,  dark, 
urates  easily  precipitate  in  it,  because  they  are  relatively  increased.  The 
same  thing  is  observed  when  a large  quantity  of  water  is  excreted  through 
the  skin  (in  great  sweats).  In  the  liver,  the  separation  of  bile  is  dimin- 
ished after  closure  of  the  portal  vein  ; and  yet  it  stops  completely  if  the 
hepatic  arteries  also  are  obstructed.  A diminution  of  secretion  also  occurs 
in  uiuemia  of  the  glands  ok  the  mucous  membranes. 


That,  local  amentia  diminishes  the  secretion  of  bile,  is  shown  by  the  experiments 
of  IIkidkmiain  ( Ueizung  der  Gefassnerven),  PklCoeh  (directe  elect  rische  Ueizung 
der  Leher).  and  Ranke  (gesteigerte  Arbeitaleistung  der  Kurpermnsculatur). 

Concerning  ANAEMIA  ok  tiie  vessel-wall,  see  Embolism. 


General  phenomena,  in  consequence  of  antenna,  occur  only  when  the 
latter  is  very  extended  (e.r/.,  in  common  coldness,  as  after  marked  and 
sudden  cooling  of  the  surface  of  the  body,  and  in  intermittent  fever,  where 
anaemia  affects  the  whole  skin),  or  when  important  nerve-centres  are  the 
seat  of  ansemia,  etc.  General  phenomena  then  have  their  foundation  in 
compensatory  hvpenemia  of  other  important  organs,  especially  of  the  brain 
ami  lungs,  or  in  changes  in  the  heart’s  action,  blood  pressure,  etc. 


The  general  consequences  of  irritation  of  the  splanchnic  nerves  arc,  pbysi  logically, 
known  with  certainty.  After  irritation  of  the  cut  splanchnic  nerve,  there  arises  an 
anemia  ok  THE  abdominal  VESSELS  (since  every  muscular  movement,  every  inspi- 
ration diminishes  their  contents),  and  considerable  increase  of  blood-pressure. 


lty  irritation  of  the  peripheric  extremity  of  the  splanchnic,  the  pdi.sk  becomes  slower; 
by  irritation  of  the  central  end.  the  pulse  is  mostly  accelerated.  With  respect  to 
these  experiments  we  have  only  isolated  pathological  examples : best  known  is  the 
largo  ami  slow  pulse  in  many  cramped  smtes  of  some  abdominal  organs. 

Ligature  of  the  carotids  causes  an  increase  of  blood- pressure,  and.  in  consequence 
of  the  cerebral  amentia,  an  increase  in  number  of  heart- lieats.  Mosso  found,  that 
increase  of  blood -pressure  following  closure  of  a carotid  is  to  that  following  closure 
of  both  ilincs  as  4 : 1.  Here  the  curve  of  the  tracing,  steep  and  sudden,  kept  at  an 
almost  equal  height,  and,  with  the  removal  of  the  ligature,  suddenly  returned  to  the 
normal  state;  then  it  was  irregular,  and  later,  gradually  disappeared.  A greater 
frequency  of  pulse  occurs  also  from  like  causes,  in  the  change  from  a horizontal 
to  a vertical  position  (Mantkgazz \,  Qua.  m#l.  it'd.  Lornb .,  1808.  pp.  337.  302). 

Blood-pressure  rises,  by  irritation  of  the  spinal  cord  and  consecutive  contraction 
of  almost  all  the  small  arteries  of  the  body,  with  or  without  destruction  of  almost 
all  the  cardiac  nerves. 

Sc7.ei.kow  ( ZtscLr.  / rut.  Med.,  1863.  XVII.,  p.  120)  found  a lowering  of  the 
temperature  of  the  body  and  a diminution  of  excreted  carbonic  acid  in  rabbits, 
whose  abdominal  aorta  he  had  compressed. 

1 ainting  during  the  presence  of  pleuritic  exudations  is,  according  to 
1 ii  h s-kau,  dependent  upon  displacement  of  the  heart  from  its  natural  position, 
ami  the  resulting  torsion  of  the  great  vessels  connected  with  it,  especially  the  aorta, 
b un  els  (,1/vsA.  f klu i.  Mill..  [V.,  p.  203)  seeks  his  explanation  in  this : the  large 
venous  trunks,  and  esjiecially  the  vena  cava  aseendens,  suffer,  by  the  heart's  dis- 
placement, an  almost  right-angular  bending,  where  the  cava  passes  through  the 
imd  lU  tendon  of  the  diaphragm  to  enter  the  pericardium,  and  where  it  is  firmly 
attached  to  the  borders  of  the  quadrilateral  foramen. 
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2.  IIYPER.EMIA. 

Local  iiyper.emia  is  the  term  applied  to  the  increase  of  the  blood  con- 
tained in  more  or  less  dilated  and,  for  the  most  part,  .also  lengthened  vessels 
of  an  organ  or  of  a part  of  the  body,  so  that  the  normal  fluctuations  of 
the  quantity  of  blood  are  exceeded. 

Local  hypermmia  is  active  or  passive.  Those  hyperaamias  are  called 
active  which  appear  in  consequence  of  relaxation  of  the  vessels,  so  that 
the  usual  blood  pressure  alone  causes  a more  excessive  filling  of  them.  On 
this  account,  this  form  of  hyperiemia  is  known  also  as  atoxic,  relaxative, 
PARALYTIC,  or,  because  it  most  often  acts  upon  the  arteries,  arterial. 
Finally,  of  equal  significance  is  the  name  congestion,  etc.  Those  hvpene- 
mite  are  called  passive,  whose  principal  cause  is  the  increase  of  resistances; 
since  here  a mechanical  force  is  often  interposed,  it  is  also  called  mechan- 
ical, or,  since  this  force  most  often  lies  in  the  veins,  venous.  In  both 
forms  of  hyperamia  there  is  present  a dilatation  of  the  finer  vessels  ; this 
dilatation  is  primary  in  active  hyperiemia,  in  the  passive  form,  secondary. 

Collateral,  or  compensatory  iiyper.emia  is  almost  always  active  or 
congestive,  and  occurs  only  with  partial  uraemia.  It  occurs,  if  the  blood, 
arrested  in  its  course  by  an  obstruction,  c.g .,  by  ligature,  etc.,  seeks  other, 
near  or  distant  channels.  (See  p.  166.) 

How  different  active  and  passive  hypenemiaa  are.  according  to  cause,  symp- 
toms, etc.,  is  best  observed  as  they  affect  a single  organ,  e.  g. , the  kidneys.  Active 
1IENAL  iiyper.emia  arises  from  excessive  filling  of  the  vascular  system,  as  after 
abundant  drinks;  from  hypertrophy  of  the  left  ventricle  ; from  the  use  of  diuretics ; 
from  compression,  etc.,  of  the  abdominal  aorta  below  the  renal  arteries,  also  from 
obstruction  to  the  circulation  in  the  capillaries  of  the  skin  in  the  cold  stage  of  vari- 
ous diseases  (so-called  COLLATERAL  hypenemia),  etc  In  all  these  cases  the  hyper- 
aemia  affects  chiefly  those  parts  of  the  kidneys  whose  blood  has  to  overcome  the 
greater  resistance  in  the  arteries  which  supply  the  Malpighian  bodies.  The  chief 
symptom  is  an  increased  secretion  of  urine  ; the  urine  is  more  dilute,  paler,  and  of 
diminished  specific  gravity.  If  the  blood-pressure  in  the  Malpighian  bodies  becomes 
still  greater  the  urine  is  albuminous,  or  even  bloody.  Passive  iiyper.emia  of 
the  kidneys  has  its  origin  in  many  diseases  of  the  heart,  in  contraction  of  the 
vena  cava  and  of  the  renal  veins,  in  various  diseases  of  the  lungs,  etc.  Here, 
the  blood  increases  in  the  veins  and  capillaries,  less  in  the  vessels  belonging  to  the 
Malpighian  bodies.  It  is  noteworthy  that  there  is  always  present  a low  tension  of 
the  blood  in  the  renal  arteries  and  their  branches,  and  a high  tension  of  the  blood 
in  the  capillaries.  The  chief  symptoms  are,  diminished  urinary  secretion,  increase  of 
its  specific  gravity  and  of  its  solid  constituents,  and  the  presence  of  albumen,  blood, 
and  casts. 

Both  active  and  passive  hyperssmias  may  be  acute  or  CHRONIC.  The  for- 
mer are  more  often  acute,  the  latter  mostly  chronic. 

The  diagnosis  of  hyperiemia  in  the  dead  body  is  in  many  cases  altogether 
impossible,  since  active  hyperiemia  of  external  parts  (as  of  the  skin  in 
scarlet-fever,  erysipelas,  etc.),  of  external  mucous  membranes,  as  well,  pro- 
bably, as  that  of  many  internal  organs  also,  disappears  entirely,  or  almost 
entirely,  for  reasons  not  yet  sufficiently  known,  with  the  appearance  of 
death.  With  respect  to  single  organs,  no  permanent  advance  has  been, 
made,  since  a safe  opinion  is  reached  only  through  long  experience  in 
autopsies,  and  since  in  each  special  case  respect  must  be  had  to  the  blood- 
contents  of  the  whole  body.  In  the  cadaver,  hyperiemia  of  an  organ  is 
generally  much  oftener  assumed  to  exist  than  is  true,  especially  because 
most  form  their  opinion  of  the  blood  contents  of  single  organs  in  the  bodies 
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of  those  chiefly  who  have  been  affected  with  acute  or  chronic  anaemic 
diseases. 

A hyperamic  organ  in  the  dead  body  is  darker  colored,  from  light  to  the 
darkest  red,  without  any  appearance  of  the  normal  coloring.  Its  size  is 
somewhat  increased,  it  feels  somewhat  firmer,  but  in  reality  with  less  con- 
sistency ; it  is  heavier.  More  blood  than  usual  flows  from  its  cut  surface. 
Hyi  tenemia  chiefly  affects  the  capillaries,  so  that  the  organ  has  a uniform 
redness,  withou  the  individual  vessels  being  seen  by  the  naked  eye.  The 
capillaries  have  an  especial  arrangement,  as  appeal's  from  their  injection  : 
e.g.,  finely  punctated  in  the  villi  of  the  mucous  membrane,  in  the  Malpig- 
hian bodies  of  the  kidneys,  in  streaks  in  the  muscles,  etc.  It  is  impossi- 
ble to  distinguish  between  the  appearances  dependent  on  injection  of  the 
arteries  and  those  dependent  on  injection  of  the  veins,  except  that  in  ven- 
ous hypenemia  there  is  present  a bluish  coloring.  If  the  small  veins  and 
arteries  are  overfull  of  blood,  the  surface  appears  injected  with  a red 
material,  forms  a red  network,  or  assumes  a form  differing  in  accordance 
with  the  disposition  of  the  vessels  of  the  part.  The  remaining  tissues  of  a 
hvpenemic  part  are  diminished  in  size  in  correspondence  with  the  increase 
of  blood,  etc. 

An  increase  of  the  quantity  of  blood  is  impossible,  without  extension  of 
the  district  supplied , therefore  the  vessels  are  found  always  dilated,  also 
for  the  most  part  elongated,  and,  on  this  account,  abnormally  tortuous ; 
the  dilatation  is  sometimes  uniform,  sometimes  spindle-shaped  or  pouched. 
The  blood  in  the  fine  vessels  is  mostly  richer  than  usual  in  blood-cor- 
puscles ; the  corpuscles  lie  so  close  to  one  another,  that  the  vessels  often 
appear  filled  with  an  uniform  dark  red  mass,  and  the  individual  corpuscles 
can  no  longer  be  distinguished. 

In  a case  of  very  marked  hypenemia  of  the  lungs  in  well -developed  leucocythoemia, 
the  lungs  appeared  flaccid,  and  as  if  in  the  stage  of  gray  hepatization. 


A.  ACTIVE,  OH  ARTERIAL  HVPEIt.EMIA  I CONGESTION. 

(Itelaxative  or  paralytic  hypenemia.  Fluxion.  Turgor.  Orgasmus.  Determina- 
tion of  blood.) 

Active  hyperemia  consists  in  an  increased,  and  at  the  same  time  for 
the  most  part  accelerated,  How  of  blood  into  the  arteries  of  a part,  because 
either  the  blood-pressure  of  that  part  is  increased,  or  because  its  resist- 
ances in  proportion  to  the  force  of  the  blood  are  diminished. 

1 lie  quantity  of  blood  in  a part  depends  upon  the  number  and  size  of  the 
afferent  arteries,  as  well  as  upon  the  velocity  of  the  current  within  them; 
the  number  of  the  arteries  is  constant ; their  size  is  subject  to  the  influence 
of  the  nerves;  the  velocity  of  the  current  is  dependent  upon  the  greater  or 
less  distance  from  the  heart,  and  the  number  and  angle  of  the  branches, 
etc. 

1 hut  hypenemia  is  functional,  which  probably  all  organs  show  during 
their  activity:  the  muscles,  etc.,  during  motion,  the  stomach  and  intestines 
during  digestion,  etc. 

WdlaR  to  Ranke  (/)'>  Blutrertheihing  ■and  der  TTidUgkritetoerh^el  der  Organs, 
1 'Js*  i Lw^°*e  arnoi">t  of  ths  blood  of  the  organism  is  primarily  diminished  bv  tho 

activity  of  tho  muscles,  and  this  diminution  is  proportionate  to  the  muscular  action. 
I be  habit  ot  muscular  labor  is  followed  secondarily  by  increased  amount  of  the  whole 
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blood.  Long  continuous  rest  reduces  it.  In  animals  at  rest,  there  is  found  about 
one-quarter  of  the  amount  of  the  blood  in  the  heart  and  great  vessels,  one-quarter  in 
the  muscles,  liver,  and  remaining  organs.  The  motor  apparatus  of  tetanized  rabbits 
during  muscular  contraction  contain  a mean  of 'about  29.4  percent,  of  the  whole 
amount  of  blood  more  than  the  same  apparatus  of  rabbits  during  rest.  The  portion 
of  the  amount  of  blood,  which  is  contained  in  the  motor  apparatus  in  the  quiet  state, 
is  during  contraction  increased  by  a mean  of  8(><i  per  cent,  up  to  6G.0,  i.e.,  an  in- 
crease of  80  per  cent.  During  tetanus  there  is  found  a clear  diminution  of  the  How 
of  bile,  as  well  as  of  the  urine  discharged  by  the  ureters. 

The  above  facts  explain  the  long-known  hygienic  and  therapeutic  uses  of  active 
and  passive  muscular  movements,  as  well  as  their  effects  in  various  affections,  eg ., 
congestive  states  of  the  brain,  and  of  the  abdominal  organs. 

The  CAUSES  of  ACTIVE  IIVPERjEMIA  are : 

1.  Compensatory  increase  of  the  collateral  pressure  laterally 

FROM  OBSTRUCTIONS  IN  THE  BLOOD-STREAM  : So-Called  COLLATERAL  IIYPER- 
ACM  I A. 

The  obstruction  may  lie  in  the  arteries,  in  the  capillaries,  and  in  the 
veins;  in  the  last  case  there  arise  simultaneously  phenomena  of  both  active 
and  passive  hypcrsemia.  Examples  of  this  kind  of  collateral  hypenemia 
frequently  occur  also  under  physiological  conditions.  Jf  an  artery  be 
ligated  (the  best  for  experimentation  is  the  mesenteric;  surgically  in  ampu- 
tations), small  branches  extend  out  laterally,  and  the  blood  flows  through 
them  with  stronger  pressure  and  increased  velocity,  and  through  the  capil- 
laries into  the  veins:  small,  formerly  pulseless  arteries,  even  capillaries,  then 
show  a pulsation,  which  can  he  seen  and  felt,  and,  0./7.,  in  amputations, 
give  rise  to  remarkably  great  haimorrhage  ; parts  of  organs,  which  hereto- 
fore were  pule,  become  reddened  in  greater  or  less  intensity.  These  condi- 
tions of  the  circulation  continue  until  the  excessive  stream  is  distributed 
among  the  many  lateral  branches,  and  so  becomes  equalized.  Greater 
obstructions  in  the  capillary  system  of  an  organ  or  part  of  an  organ,  as  by 
constricting  cicatrices,  by  new-formations  of  all  kinds,  by  pressure  chiefly, 
by  capillary  embolism,  in  the  vicinity  of  inflamed  parts,  give  rise  to  neigh- 
boring hypenemia.  In  marked  meteorism,  etc.,  we  not  infrequently  see 
hypereemia  of  other  parts,  of  the  brain.  Severe  external  cold,  and  the 
cold  stage  of  fever,  offer  farther  striking  examples;  while  aiuemia  extends 
throughout  the  surface,  the  blood  flows  in  greater  quantity  and  with  greater 
force  into  the  internal  organs,  giving  rise  to  hypenemia  of  the  viscera  of 
the  cranium,  thorax,  and  abdomen.  (The  contrary  is  seen  in  the  applica- 
tion of  Junod’s  boots;  the  extremities  become  filled  with  blood;  then 
results  collateral  aiuemia  of  the  brain  and  lungs,  with  consequent  vertigo 
and  shortness  of  breath.)  In  the  veins,  collateral  hypenemia  is  mostly  of 
little  importance,  because  their  anastomoses  are  very  numerous,  and  their 
walls  thinner  and  more  yielding.  Contraction  or  closure  of  a small  or 
middle-size  vein  is  unimportant,  if  its  collateral  branches  be  numerous; 
contraction  of  the  superficial  veins  is  followed  by  dilatation  of  the  deep 
veins,  and  vice-versa.  If  all  the  veins  of  a part  be  closed,  their  blood  has 
the  same  lateral  pressure  as  the  afferent  arteries  ; but  if  only  a few  veins 
are  impassable,  the  lateral  pressure  of  those  remaining  open  is  increased, 
and  the  velocity  of  the  blood  is  greater. 

Collateral  hypenemia  has  a prominent  significance  (if  we  exclude  surgical  cases, 
where  its  importance  is  at  once  perceived)  especially  in  many  diseases  of  the  lungs. 
e.  q.,  in  thrombosis  and  embolism  of  the  pulmonary  arteries,  in  infiltrations,  emphy- 
sema, compression  by  pleural  exudations.  It  sometimes  occasions  dyspnoea,  as  well 
as  death  in  the  early  stages,  e.g.,  of  pneumonia.  In  compression  of  one  lung  we  see 
in  this  way  collateral  hypenemia  of  the  other  ; in  pulmonary  emphysema  of  the 
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upper  lobes,  we  find  hypersmia  of  the  lower,  and  thence  bronchitis,  etc.  Collateral 
hypenemia  is  likewise  important  in  so  called  granular  kidney  ; here  numerous  glo- 
meruli and  tubules  are  destroyed,  so  that  the  blood  Hows  through  the  open  vessels 
with  greater  velocity  and  under  increased  pressure.  The  quantity  of  the  excreted 
urine  is  normally  great  or  increased  : the  urine  itself  is  clear,  pale,  and  of  light  spe- 
cific weight.  The  utility  of  hot  local  baths,  of  local  irritations,  depends  essentially 
on  their  producing  collateral  hyperannia. 

In  collateral  hypenemia  the  blood-current  is  sometimes  to  be  found  TURNED  in 
TIIk  opposite  DIRECTION.  This  is  most  easily  observed  in  cases  of  great  collateral 
extension  of  the  epigastric  and  other  veins,  in  complete  closure  of  the  trunk  of  the 
vena  port®,  or  in  granular  liver. 

Samuei . Ct rlbl. . lHfii),  No.  25)  has  experimentally  demonstrated  that  the 

nerves  exert  an  influence  on  the  accomplishment- of  the  collateral  circulation;  it  is 
retarded  in  proportion  to  the  sensory  nerves  cut  across  at  the  time  of  ligating  the 
carotid.  But  if  the  carotid  be  ligated,  and  if  at  the  same  time,  paralysis  of  all  three 
sensory  nerves  (».  auric,  major  and  tni/ior,  and  a uric. -temp.)  and  of  the  cervical 
sympathetic  be  induced  by  section,  the  collateral  circulation  will  be  restored  already 
by  the  second  day. 

2.  Absolute  decrease  of  resistance. 

a.  Quick  removal  of  external  pressure.  If  a part  has  been  for  a long 
time  subject,  in  a normal  or  abnormal  manner,  to  a certain  pressure,  the 
quick  removal  of  the  latter  occasions  an  active  hypenemia  in  that  part. 
As  examples : haemorrhage  into  emptied  Graafian  follicles;  dry  cups  and 
Jounod's  boots;  puncture  of  hydrocele,  of  ascites;  section  of  the  ocular 
muscles  in  operations  for  squint ; that  of  the  cornea  in  operations  for 
cataract ; extirpation  of  large  tumors,  which  compress  vessels ; healing  of 
strictures.  Deep  inspirations  during  contraction  of  the  glottis,  c.g.y  in 
laryngeal  croup,  are  followed  by  rarefaction  of  the  air  in  the  bronchial 
tubes  and  air-cells,  and  thence  by  hypenemia. 

b.  Relaxation,  or  paralyses  ok  the  muscles  of  the  walls  of  the  ves- 
sels from  greater  waumth,  or  from  direct  or  reflex  paralysis  of  the  sym 
pathetic;  so-called  relaxativk,  or  paralytic,  or  asthenic  hypenemia. 

External  warmth  gives  rise  in  many  cases  to  hyperaunia;  its  action 
iu  the  form  of  baths,  fomentations,  etc.,  is  often  employed  therapeutically. 
In  a similar  manner  the  heat  of  the  blood  acts  in  fever. 

Paralysis  of  thf,  sympathetic  is  direct  or  reflex. 

Direct  paralysis  of  the  fibres  of  the  sympathetic  takes  place  in  their 
course,  at  their  origin,  or  at  their  termination. 

Section  of  the  sympathetic  alone,  as  it  has  very  often  been  performed 
in  various  parts  of  the  body,  for  experimental  purposes,  is  one  of  the  most 
perceptible  causes  of  hypenemia.  (See  p.  ICO.) 

Sections  of  other,  mostly  mixed  nerves  (e.g.,  the  sciatic,  ulnar,  etc.), 
or  of  purely  sensory  nerves  (e.g.,  the  trigeminus),  which  have  happened 
experimentally  iu  animals,  truumatically  or  therapeutically  in  man,  act  as 
if  these  nerves  contain  vaso-motor  fibres.  Also  pressure  upon  these  nerves, 
or  new-formations  in  them. 


The  best  known  and  the  most  important  sections  of  nerves  in  experimental  pathol- 
ogy have  been  those  of  the  trigeminus,  which,  since  M vokndik  (1*24),  have  been 
frequently  repeated.  These  sections  are  followed  by  hypenemia  of  the  conjunctiva 
and  cornea,  of  tin;  mucous  membrane  of  the  mouth  and  nose,  with  consecutive  dis- 
till fiances  of  nutrition.  Many  pathological  cases  also  are  to  be  traced  to  the  same 
causes,  or  to  compression  or  degeneration  of  this  nerve,  but  seldom  to  the  saino 
affection  of  other  nerves:  so-called  direct  neuralgic  htpkr.emi.f.,  if.,  hyper- 
a-nua.  elevation  of  temperature,  and  for  the  most  part  also  swelling  of  the  same 
paru,  appearing  during  a neuralgia  or  remaining  behind  after  its  disappearance. 
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Whether  affections  of  tlie  terminal  sympathetic  nerves  canse  hvperremia, 
it  is  for  the  most  part  difficult  to  determine,  since  many  affections  of  this 
kind  may  also  be  reflex  in  character.  The  so-called  aneurysrna  cirsoidenm 
( varix  arteria/is)  probably  belongs  to  this  class.  Various  affections  of  the 
Hit ain  an i>  simnal  cord  give  rise  to  hypenemia,  only  through  the  interposi- 
tion of  the  sympathetic.  In  this  relation  are  known  the  hyperamiia  de- 
pendent upon  the  emotions  of  a violent  kind  (fear,  anger,  passion,  sensual 
desires),  and  those  following  injuries  and  many  diseases  of  the  spinal  cord, 
less  often  of  the  brain  and  its  meninges. 

Budge,  Waller,  and  Sciiiff  first  demonstrated  that  injury  of  the  medulla  ob- 
longata had  the  same  consequences  as  section  of  the  sympathetic.  In  section  of  a 
lateral  half  of  the  medulla  there  appeared  hyperamiia  and  increase  of  temperature  of 
the  lower  parts  of  the  extremities  on  the  side  of  the  section,  of  the  body,  upper  arm, 
and  upper  part  of  the  thigh  on  the  opposite  side  (SCIIIFF). 

Reflex  paralysis  of  the  sympathetic  arises  most  often  from  irritation 
of  sensory  nerves.  The  dilating  action  of  an  irritated  sensory  nerve  does 
not,  for  the  most  part,  extend  beyond  the  limit  of  the  region  supplied  by 
the  affected  nerve  (p.  162).  The  reflex  act  takes  place  probably  in  the 
medulla  oblongata.  This  reflex  paralysis  of  the  vaso-motor  nerves  has  been 
experimentally  demonstrated  in  many  vascular  regions  (art.  auricularis,  art. 
saphena,  art.  dorsalis  penis). 


Lovkn  (Her.  <1.  Sicks.  Acad..  1830,  p,  8.">),  who  made  these  experiments,  showed 
further  that  irritation  of  the  sensory  nerves,  b sides  causing  dilatation  of  the  arteries, 
is  also  followed  by  a retardation  of  the  heart’s  action,  and  that  the  dilatation  of  the 
vessels  is  often  preceded  by  a contraction  of  short  duration. 

According  to  Hermann  and  Ganz  (Arch.  f.  d.  gee.  Physiol.,  1870,  III.,  p.  8),  the 
danger  of  cold  draughts  in  the  heated  body  lies  in  the  effect  of  cold  1151011  the  neroi 
splanchnici  and  the  resulting  elevation  of  the  arterial  blood-pressure.  Since  inspira- 
tion, and  perhaps  still  other  compensatory  processes,  prevents  in  great  part  this 
increase  of  blood-pressure,  the  danger  becomes  insignificant.  It  becomes  greater  in 
failure  of  the  compensation,  etc. 

Perhaps  also  in  this  way  may  be  explained  the  hyperiemia  of  the  intestinal  mucous 
membrane,  which  frequently  follows  extensive  burns,  and  which  may  progress  (es- 
pecially in  the  duodenum)  to  haemorrhage  and  ulceration. 

II.  Fischer  (Volkmann,  Svnml.  Min.  Vortr.,  1870,  No.  10)  seeks  to  establish 
surgical  shock  as  a reflex  paralysis  of  the  vaso-motor  nerves,  esi>ecially  of  the  splanch- 
nics,  dependent  upon  traumatic  concussion.  Shock  occurs  especially  after  wounds, 
respiratory  concussions  and  contusions  of  the  thorax,  abdomen,  testicles ; after  lux- 
ations. after  contusions  of  the  bones,  after  sudden  and  great  losses  of  blood,  after 
many  surgical  operations  (reduction  of  large  hernias,  ovariotomy,  etc.). 

The  so-called  reflex  neuralgic  hyper  emia,  arising  from  similar  tran- 
sient or  continuous  causes,  or  occurring  during  the  progress  of  neuralgia, 
has  long  been  known,  but  not  explained.  Here  we  have  hyperiemia  of  the 
mucous  membrane  of  the  nose  in  irritation  of  it;  that  of  the  conjunctiva  in 
over-exertion  of  the  retina,  in  tooth-ache;  hyperamiim  of  the  bead  after 
meals;  priapism  during  irritation  of  the  urethra  by  gonorrhoeal  poison; 
congestions  of  the  liver  from  spirituous  liquors  and  strong  spices  ; pulmon- 
ary hvpersemia  from  the  respiration  of  very  cold,  still  oftener  of  very  hot 
air,  as  well  as  of  air  suspending  irritating  substances,  as  dust  of  all  kinds. 

Many  articles  of  food,  medicaments  an  1 poisons,  act  directly,  or  in  a 
reflex  manner  on  the  sympathetic:  thus  alcohol,  coffee,  tobacco,  opium, 
atropia. 

The  action  of  the  so-called  irritants  is  probably  to  be  explained  in  this 
manner.  Among  these  are  many  with  which  we  are  acquainted,  like  cold, 
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which  tend  to  produce,  first,  a contraction  of  tlie  smaller  vessels ; then,  longer 
employed,  a dilatation.  Electric  currents  generally  contract  the  vessels; 
but  strong  currents  especially,  as  well  as  weaker  ones  acting  for  a long 
time,  dilate  them.  The  same  is  true  of  volatile  ami  strong  materials, 
which  produce  redness  of  the  skin  (mustard,  cautharides,  acids,  ammonia). 

O Neumann  ( Prng.  J j*cJir..  1803,  I..  p.  1;  1807,  I . p.  133),  as  well  as  Mante- 
Gazza  (1860),  have  examined  the  physiological  action  of  irritants  of  the  skin  (so-called 
epispastics). 

That  many  contagions  and  miasms  are  followed  by  congestions  of  certain 
organs  is  a subject  which  belongs  to  special  pathology.  It  Ls  an  interesting 
fact  that  these  congestions  vary  in  different  epidemics,  according  to  inten- 
sity, extension,  locality,  etc.,  e.g.  in  scarlet  fever. 

In  many  cases  hvpemruia  of  a part  follows  amentia  of  the  same  part : 
especially  is  this  true  of  anmuite  dependent  upon  external  cold,  as  well  as 
upon  excitation  of  the  sympathetic.  This  is  most  favorably  demonstrated 
in  the  production  of  local  anaesthesia  by  means  of  the  ether  spray.  The 
cause  here  lies  partly  in  the  removal  of  the  influence  of  the  nerves,  partly 
in  an  exhaustion  of  the  smooth  muscle  fibres. 

c.  Nutritive  disturbances  in  the  wauls  of  the  vessels,  observed  in 
their  lighter  forms  in  the  vicinity  of  wounds,  in  inflamed  parts,  as  well  as 
in  their  more  marked  forms  in  chronic  arteritis,  fatty  degeneration  of  the 
muscular  coat,  etc.,  as  is  often  the  case  in  old  persons.  Accelerated  movements 
of  the  heart,  from  whatever  cause  (movements  of  the  body,  the  use  of  spiri- 
tuous liquors,  emotions),  are  then  followed  by  hyperomim  in  the  regions  of 
less  resistance. 

According  to  Virchow,  intercurrent  attacks  of  vertigo,  loss  of  consciousness,  faint- 
ing. are.  in  old  people,  often  the  con  sequences  of  this  form  of  hyperemia. 

The  causes  of  many  tolerably  constant,  and  symptomatically  not  unimportant 
hyportn  nias  are  unknown  : thus  the  circumscribed  redoes*  and  increased  warmth  of 
one  cheek  in  pneumonia,  mostly  on  the  same  side  as  the  diseased  lnug,  the  circum- 
scribed redness  and  elevated  temperature  of  both  cheeks  in  tuberculosis,  etc. 

The  causes  of  the  habitual  tendency  to  congestions  which  many  indi- 
viduals present,  with  respeet  to  certain  organs,  e.g.  the  brain,  lungs,  liver, 
kidneys,  thyroid  gland,  are  unknown.  They  may  dejauid  u|>on  a low  power 
of  resistance  of  the  arteries  and  capillaries,  as  well  as  upon  special  condi- 
tions of  the  sympathetic,  or  sensory  nerves.  Likewise  is  it  unknown  why 
in  hypertrophy  of  the  left  side  of  the  heart  congestions  often  appear  in 
various  organs.  The  manifold  congestive  states  are  also  worthy  of  notice, 
which  appear  in  girls  before  the  first  appearance  of  the  menses,  or  before 
the  appearance  of  each  menstrual  act,  as  well  as  those  which  appear  in  the 
climacteric  years:  in  the  former  the  thyroid  bodvia  most  often  affected  j in 
the  latter,  various  organs. 

The  symptoms  of  arterial  hyper  emia  are  easily  recognized  externally 
in  parts  exposed  to  view.  And  vet  a similar  behavior,  also,  in  hvperfemia 
of  internal  organs  can,  with  the  greatest  probability,  be  inferred,  especially 
since  a number  of  internal  organs,  in  the  hypera?inic  state,  have  been  ob- 
served immediately  or  mediately  (by  the  ophthalmoscope,  laryngoscope, 
etc.)  with  the  naked  eye,  or  by  means  of  the  microscope.  Their  knowledge 
becomes  important  from  the  fact  that  many  affections  of  daily  and  hourly 
occurrence  to  the  physician,  for  the  most  part  quickly  appearing  and  quickly 
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disappearing, ^depend  upon  them ; and  that  hyperiomia  is  the  introduction 
to  many  haemorrhages,  dropsies,  and  especially  inflammations. 

The  symptoms  of  hyperasmia  are  partly  those  which  result  directly  from 
the  increase  and  acceleration  of  the  blood-current  (injection,  redness,  pulsa- 
tion), partly  those  which  are  distant  results  (elevation  of  temperature, 
swelling,  increased  nutrition).  The  last,  increased  nutrition,  results  either  in 
an  increase  of  function  (the  so-called  functional  hypersemia  of  the  muscles, 
brain,  glandular  organs),  or  in  an  increase  of  secretion  (skin,  kidneys);  or, 
if  of  longer  duration,  in  hypertrophy  and  new-formation  (sometimes  as  fat’ 
sometimes  as  true  hypertrophy  of  the  muscles,  sometimes  as  heterogeneous 
new-formations). 

The  behavior  of  the  smallest  arteries  and  veins,  as  well  as  of  the  capil- 
laries and  lymphatics  in  hyperannia,  is  still  little  known.  Dilatation  of 
the  bloodvessels  is  easily  and  with  certainty  established.  Doubtless  they 
become  more  porous,  so  that  more  serum  and  plasma  pass  through  their 
walls,  while  red  and  white  blood-globules  do  not,  as  in  inflammation, 
usually  pass  through,  or  only  in  insignificant  numbers.  The  plasma-layer, 
so-called,  perhaps  disappears  in  the  smaller  arteries  and  veins,  so  that  red 
and  white  blood -corpuscles  All  the  whole  vessel.  The  blood  at  first,  from 
microscopic  observations  on  the  web  membrane  and  mesentery,  flows  more 
quickly — in  consequence  of  the  diminished  arterial  resistance  from  dilata- 
tion ; if  the  arterioles  be  considerably  dilated,  the  current  will  become 
slower — in  consequence  of  the  increase  in  size  of  the  channel. 

Lortf.t  found  in  the  horso,  that  the  velocity  of  the  blood  in  one  carotid  was  con- 
siderably increased  during  ligation  of  the  same  vessel  of  the  other  side.  DOGIEL 
(see  p.  1 (52)  could  not  corroborate  this  in  the  dog  and  rabbit. 

According  to  the  usually  accepted  view,  the  quantity  of  i.ympic  found  in  a part  of 
the  body  at  a given  moment  increases  with  the  increased  blood-supply,  as  well  as 
with  the  hindering  of  the  reflux  into  the  veins  and  lymphatics ; lymphatics  are  the 
chief  regulators  of  tho  turgor  of  the  tissues.  (If  this  regulation  be  prevented,  oedema 
appears. ) 

According  to  Gonor  ( Virch . Arch.,  LI.,  p.  56S),  the  perivascular  lympli-spaces  of 
the  brain  (which  according  to  G.  are  connected  with  those  of  the  pia  and  indirectly 
with  those  of  the  arachnoid)  are  compressed  in  the  more  vigorous  filling  of  the  blood- 
vessels ihypermmia),  but  are  filled  in  diminished  blood-pressure. 

G.-etiijens  (Bei/r.  z.  Gireul.  in  d.  SchadeUtile,  Dorp.  Dm.,  1 872)  injected  defibrinated 
blood  into  the  carotid  of  a horse  under  high  pressure,  and  measured  the  lymph 
flowing  in  short  fixed  periods  of  time  from  the  large  cervical  lymphatics.  With  the 
beginning  of  the  injection  and  immediately  thereafter,  the  flow  of  lymph  rose  con- 
siderably. and  indeed  so  quickly  that  it  could  not  be  assumed  that  there  was  an 
increased  transudation  from  the  bloodvessels  into  the  perivascular  spaces,  but  a 
mechanical  pressure  of  the  fluid  out  of  the  latter.  Herein  consists  the  possibility  of 
a quick  equalization,  under  sudden  increase  of  blood-pressure  within  the  cranial 
cavity.  Should  the  increased  pressure  be  of  longer  duration,  an  increased  transuda- 
tion t ikes  place,  and  with  it  oedema  of  the  brain,  with  symptoms  of  compression. 

A stronger  filling  of  the  vessels,  so-called  injection,  is  the  most  striking 
symptom  of  congestive  hypersemia.  At  first  the  arteries  are  the  vessels 
concerned,  sometimes  also  the  veins  ; for  the  most  part  then  there  arises  a 
close  capillary  injection.  The  latter  is  sometimes  circumscribed,  sometimes 
diffused.  Certain  organs  are  more  disposed  to  circumscribed  injections, 
since  their  vessels  have  relatively  few  anastomoses,  e.cj.,  the  lungs,  spleen, 
kidneys ; or  there  are  certain  parts  within  the  organs  which  serve  as  the 
seat  of  congestion,  as  the  small  glands  of  the  skin  and  of  the  mucous  mem- 
branes, the  Malpighian  bodies  of  the  kidneys.  Injection  is  most  marked  in 
clear  and  transparent  organs  (conjunctiva,  retina),  as  well  as  in  soft  pliable 
parts  (e.y.,  in  the  mucous  membranes,  lungs,  as  opposed  to  fibrous  and 
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osseous  tissues).  In  opaque  parts,  e.g.  the  skin,  there  is  found  only  red- 
ness. 

The  reddening  of  hyperaemic  parts  is  a consequence  of  the  greater  quan- 
tity of  blood  in  the  dilated  vessels,  as  well  as  of  the  greater  proportion  of 
blood-globules  in  this  blood.  The  arrangement  of  the  vessels  and  relations 
still  unknown  give  it  various  forms:  it  is  punctiform  in  organs  which  con- 
tain papilla)  or  tufts,  streaked  in  muscles,  etc. ; it  is  sometimes  spotted,  as 
in  measles;  sometimes  more  punctated,  as  in  scarlet  fever;  sometimes  uni- 
form, as  in  erysipelas.  It  Ls  made  to  disapja-ar  by  pressure,  but  on  its 
removal  returns  again  very  quickly.  If  the  hypertemia  remain  long  the 
vessels  become  considerably  dilated  and  the  circulation  retarded,  thus 
giving  a more  intense  color  to  the  blood-globules,  and  consequently  a 
bluish-red  color  to  the  parts,  as  is  most  often  seen  in  parts  of  the  skin  which 
have  been  chilled  : then  under  pressure  there  appears  at  first  a brick-red 
color,  later  only  the  bluish-red  color  reappears. 

Partial  congestive  hypeneinia  (in  the  hand  or  foot)  was  seen  by  HCTER  (Arch.  f. 
kiin.  Chir.,  XII.,  p.  1)  in  so-called  arterial  transfusion. 


The  keeling  ok  pulsation,  which  the  sick  often  experience  in  congested 
parts,  is  in  consequence  of  the  diminished  elasticity  and  tonus  of  tho 
vessels.  It  is  especially  frequent  and  troublesome  in  headache  and  tooth- 
ache. Sometimes  the  pulsation  is  objective,  e.g.,  as  in  pulmlio  epigatlrica. 
In  many  cases  a pulse  is  felt  also  in  arteries  which  do  not  normally  show 
any  pulsation. 

The  temperature  of  the  hypenemic  part  rises  in  consequence  of  the 
more  vigorous  How  of  blood  into  the  dilated  vessels.  This  rise  again  dis- 
appears after  previous  section  of  the  cervical  sympathetic,  and  after 
compression  or  ligation  of  the  supplying  arteries.  It  does  not  appear  if 
before  section  of  the  sympathetic  the  carotids  and  vertebral  arteries  have 
been  ligated.  The  rise  in  temperature  is  not  merely  with  respect  to  the 
feelings  of  the  sick,  whose  external  parts  are  accustomed  to  a lower  tempe- 
rature, because  these  lose  much  of  their  warmth  through  radiation,  but  it 
is  also  objective,  and  reaches  to  3 C.  For  the  patient  the  increase  in  tem- 
perature is  sometimes  the  only  and  most  troublesome  symptom,  e.g.,  in 
congestions  of  the  face. 

Experiments  of  Bernard,  Kussmaul  and  Tenner.  Virchow,  Schipf. 

Exj>erimental  section  of  nerves,  e.g.,  of  the  brachial  plexus,  of  the  sciatic,  is  fol- 
lowed (besides  by  the  loss  of  motion  and  sensation)  by  immediate  dilatation  of  the 
vessels  and  increase  in  temperature  (Bernard,  Sciiikk,  etc  ).  Similar  cases  from 
gunshot  wounds  of  the  nerves  in  man  with  consecutive  elevation  of  temperature  were 
observed  in  the  late  American  war  by  Weir  Mitchell,  More  House,  and  Keen. 
Most  of  the  cases  from  human  pathology  opposed  to  this,  are  to  be  explained  by  the 
fact  that  they  came  under  observation  only  after  a longer  time  after  the  reception  of 
the  injury ; then  mostly  stagnntion-hypenumiu,  retardation  of  the  circulation  and 
decrease  of  temperature  were  present. 

Experimental  sections,  lacerations,  etc.,  of  the  upper  part  of  the  skin  a I.  cord, 
likewise  cause  a considerable  increase  in  the  temperature  of  the  whole  body  (or 
fever).  Spinal  paralysis  less  frequently  than  those  of  peripheric  origin  are  followed 
by  rise  in  temperature,  etc.  Hutchinson  found  the  lower  extremities  affected 
by  a pungent  heat  after  injuries  in  the  lower  dorsal  and  lumbar  region,  their  skin 
dry,  the  tibial  arteries  more  easily  felt,  dilated  and  throbbing;  their  temperature  at 
first  was  considerably  increased.  Lkvieu  and  Col.iN  saw  similar  effects  from 
hiemorrhage and  inflammation  of  the  spinal-cord. 

In  cerebral  hemiplegia,  arise  in  the  temperature  of  the  paralysed  is  for  the 
most  part  found  at  first,  however  hardly  reaching  1 C.  The  temperature  becomes 
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normal  again  with  the  healing  of  the  hemiplegia.  In  very  long  duration  of  the  hemi- 
plegia the  same  of  a diminished  temperature  is  found. 

r The  SWELLING  of  hyperaemic  parts  is  mostly  trilling  and  is  to  be  seen  at 
once  in  the  skin,  visible  mucous  membranes,  thyroid  body.  It  usually 
appears  more  marked  only  after  a longer  duration  of  the  hypertemia.  It 
is  greater  in  proportion  to  the  vascularity,  softness,  and  pliability  of  the 
tissues,  as,  e.g.,  in  the  fact*  (thickened  cheeks  from  tumors  in  the  gums), 
in  the  arch  of  the  palate,  in  the  thyroid  body  (congestive  goitre).  The 
swelling  of  hyperaemic  organs  is  not  infrequently  prevented  by  the  sur- 
rounding parts;  thus  the  increase  in  size  of  the  brain  by  the  closed  skull, 
also,  in  part,  that  of  the  liver,  spleen,  kidneys,  etc.,  by  their  capsules.  The 
material  exuded  from  the  vessels,  “ exudation  of  hyperssmia,”  occurs 
according  to  locality,  as  oedema  (collateral  oedema),  as  dropsy,  as  blennor- 
rhoea,  as  albuminous  urine,  as  increased  wouncl-secretion,  etc.  The  swell- 
ing arises  from  the  dilatation  of  the  capillaries  and  their  greater  porosity, 
in  consequence  of  which  more  serum  or  plasma  is  transuded,  than  can  he 
carried  away  by  the  lymphatics  or  consumed  by  transformation  into  tissue. 

The  common  cases  of  acute  rheumatism  of  the  joints  consist  in  hypenemia  and 
serous  accumulations  in  the  cavities  of  the  joint  and  in  the  parts  surrounding  them. 
This  is  demonstrated  by  examinations  in  the  living,  and  perhaps  also  by  its  quick 
appearance  and  disappearance  (spontaneous,  or  after  local  therapeutic  interference, 
etc.)  : autopsies  usually  furnish  negative  results. 

(rKt'ENtlAOKN  ( Koni{/*/>.  in- (I  (tr<. , Nov.,  lS(i(>)  ad  vises  that  certain  painful  operations 
(reduction  of  strangulated  hernia,  removal  of  foreign  bodies  from  the  canals  of  the 
body)  he  undertaken  where  possible  only  after  preceding  local  anesthetization  (by 
ice.  ether-spray,  etc  ) ; for  repeated  irritation  of  sensitive  nerves  produces  local  dila- 
tation of  blood-vessels  and  cramming  of  the  affected  tissues  with  blood. 

Hemorrhages  worthy  of  notice  appear  only  where  the  vessels  were 
already  brittle,  as  is  often  the  case  in  the  brain;  or  after  very  sudden 
removal  of  external  pressure  (operation  for  hydrocele,  ascites),  or  in  opera- 
tions for  cataract  (hannorrhage  into  the  retina,  even  with  its  detachment)  ; 
or  in  very  quickly  appearing  collateral  hyperaemia,  as  in  the  opposite  side 
of  the  brain,  after  ligation  of  the  common  carotid ; or  in  more  frequent 
return  of  by  peranum,  and,  when  the  tissues  are  tender,  as  bleeding  from 
the  nose  in  childhood,  bleedings  of  the  air-passages  and  lungs  in  youth, 
cerebral  hannorrhage  in  more  advanced  age. 

According  to  more  recent  experience,  very  small  bleedings  from  the  uninjured  walls 
of  vessels  occur  in  every  hyperasmia  even  of  short  duration.  But  also  somewhat 
greater  capillary  bleedings  take  place,  probably  very  often  in  hypernemic  parts,  but 
for  the  most  part  present  no  symptoms,  because  the  blood  exuded  is  carried  away 
as  soon  as  it  reaches  the  origin  of  the  lymphatics. 

Pain  in  active  hypenemia  is  often  wanting ; or  it  is  only  dull,  or  a sense 
of  tightness  or  of  heat-;  it  is  rarely  severe,  as,  e.g.,  in  carious  teeth. 

Functional  disturbances  in  congestions  are  of  various  importance. 
Function  is  sometimes  slightly  more  active,  sometimes  enfeebled.  In  con- 
gestions of  the  brain  there  arise  phenomena  sometimes  of  irritation, 
sometimes  of  pressure,  sometimes  of  both  at  the  same  time,  sometimes 
only  of  the  former,  sometimes  only  of  the  latter.  These  phenomena  belong 
to  the  psychical,  sensory,  and  motor  spheres  in  various  degrees  and  propor- 
tions. Most  often  there  exist  symptoms  of  increased  irritability  (photo- 
phobia, irritability  on  account  of  noises),  flashes  of  light,  humming  in  the 
ears,  formication ; besides,  a feeling  of  unrest,  change  of  disposition,  giddi- 
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noss,  hallucinations  and  illusions,  even  delirium,  sometimes  convulsions ; 
sometimes  attacks  of  mania,  etc.  Every  increase  of  blood-pressure  in  the 
brain  causes  excitation  of  the  nervi  vagi,  and  hence  reduction  of  the  pulse. 
The  symptoms  of  congestion  of  the  spinal  cord  are  still  little  known: 
this  is  in  part  the  condition  in  spinal  irritation.  In  active  hypertemia  the 
skin  is  affected  with  sensations  of  heat,  prickling,  itching,  and  an  imperfect 
sense  of  touch.  Congestive  hyperemia:  of  the  li  ngs  of  moderate 
degree  present  no  symptoms;  they  are  followed  by  a lively  interchange 
of  gases.  High  degrees  cause  diminished  size  of  the  alveolae,  short- 
ness of  breath,  fulness  or  constriction  of  the  chest,  asthma,  sometimes 
short  cough ; expectoration  of  frothy  sputa  streaked  with  blood  is  seldom 
present.  In  the  highest  grades,  which  sometimes  appear  as  an  acute  affec- 
tion (without  demonstrable  cause,  or  after  closure  of  the  pulmonary 
arteries ; apoplexy  of  the  lung),  are  strong  constriction  of  the  chest,  even 
danger  of  suffocation,  great  dyspnoea,  frothy  sputa  or  the  same  mixed  with 
blood,  etc., — finally  the  symptoms  of  acute  pulmonary  oedema. 

According  to  Tit.  Weber  (/h  r,  d.  X-iturf  - lVr.< , 1872,  p.  159)  many  forms  of 
nervous  asthma,  so-called,  are  dependent  npon  a hyperasmia  of  the  bronchial  mucous 
membrane,  in  consequence  of  nervous  influence.  I have  seen  an  old  man  who  had 
been  many  years  sexually  continent  as  a widower,  and  who,  having  married  again, 
experienced  the  severest  pulmonary  e mgestious  (great  dyspnoea,  cough,  bloody  and 
serous  expectoration)  at  each  attempt  at  coition. 

The  secretions  become  changed  in  many  ways  by  congestive  hvpenemia. 
They  mostly  become  more  abundant,  either  from  the  beginning  or  after  a 
short  duration  of  the  hvpenemia:  thus  that  of  the  skin,  mucous  mem- 
branes, kidneys,  salivary  glands,  lachrymal  glands  ; the  secretion  of  wounds. 
The  qualitative  changes  of  the  secretions  are  still  little  known:  in  general 
they  appear  thinner,  as  the  milk  during  emotional  activity;  the  urine 
becomes  more  abundant  and  watery,  often  also  albuminous. 


Increased  sweating  in  consequence  of  collateral  hyperasmia  is  also  not  infre- 
quently seen  in  the  neighborhood  of  the  larger  cicatrices  (after  deep  burns,  conlluent 
sm  all-pox). 

In  the  skin,  the  arterial  blood -current  divides  into  three  streams  occupying  three 
planes : one  for  the  adipose  tissue,  one  for  the  sweat-glands,  and  one  for  the  papillae. 
The  veins,  in  many  places  forming  a sort  of  net  work  in  the  upper  cuticnlar  layer, 
are  the  beginning  of  the  collective  veins,  which  convey  the  venous  blood  of  all  three 
blood-streams  to  the  subcutaneous  veins.  (Secondary  vascular  loops  from  the  papil- 
lary stream  supply  the  muscular  apparatus,  the  excretory  ducts  of  the  sweat-glands 
and  the  nerves.)  Under  certain  conditions  one  or  another  of  these  blood -courses 
may  become  closed.  If.  e.g. , the  skin  of  the  palm  of  the  hand  becomes  cooled,  its 
papillary  layer  tilled  with  blood,  and  there  exists  an  abundant  and  continuous  secre- 
tion of  sweat,  there  is  a contraction  of  the  arteries  supplying  the  papillary  stream 
above  both  of  the  deeper  vascular  layers  of  the  skin,  while  the  blood-streams  for 
the  sweat-glands  and  fat  are  not  affected.  The  blood  present  in  the  venous  net-work 
of  the  papillary  layer  acts  like  that  of  a dead  branch  of  the  other  blood-streams  in 
the  skin.  While  the  force  of  the  papillary  blood-current  sinks  fTom  contraction  of 
the  arteries,  that  of  the  sweat-glands  and  adipose  tissue  remains  undisturbed;  the 
lateral  pressure  iu  the  upper  collective  veins  of  the  skin  is  somewhat  increased,  the 
papillary  net-work  cannot  empty  its  contents  into  veins,  its  blood  is  perhaps  dammed 
back  (Tomsa.  Arch.  f.  Derrnut.  u.  %/>/«.,  1878,  V.,  p.  1.) 

Albuminuria  in  granular  kidney,  where  numerous  blood-vessels  are  obliterated,  is 
explained  by  the  fact,  that  animal  membranes,  which  under  moderate  pressure  are 
impermeable  to  albumen,  allow  small  quantities  to  pass  through  during  an  increase 

of  pressure  (collateral  hypenemia).  (Bartels.) 

Knoll  (Eokhardt’s  lieitr.,  1 H71 ) found  that  after  section  of  the  splanchnic*  the 
secretion  of  urine  increased  considerably  on  the  operated  side,  while  upon  the  other 
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side  it  remained  unchanged.  The  light-colored  urine,  in  the  first  case,  showed  only 
a slight  diminution  in  the  per-cent,  of  solid  ingredients  and  urea.  The  appearance 
of  albumen,  as  well  as  the  frequent  occurrence  of  an  alkaline  reaction,  is  not  con- 
nected with  section  of  the  splanchnic  nerve. 

Especially  interesting  in  many  neuralgia?  are  the  objectively-shown  hypenamirp 
and  disorders  of  secretion  : in  neuralgia  of  the  lirst  branch  of  the  trigeminus  there 
occur  redness  of  the  conjunctiva  and  increased  lachrymation ; in  neuralgia  of  the 
second  branch,  sometimes  watery  or  mucous  secretion  from  the  nasal  mucous  mem- 
brane ; in  that  of  the  third  branch,  frequent  salivation. 

Disturbances  of  nutrition  appear  only  after  a longer  duration,  or  more 
frequent  return  of  hypenemia:  the  vessels  remain  dilated,  their  walls 
gradually  thicken  relatively  to  their  lumen.  By  these  means  there  arise 
not  only  permanent  changes  in  the  circulation,  which  with  respect  to 
the  existence  of  the  collateral  circulation  are  of  great  importance ; but 
also  permanent  nutritive  disturbances,  which  are  shown  sometimes  in  phy- 
siological hypertrophy  (in  muscles,  bones),  sometimes  are  of  a pathological 
nature,  as  hypertrophies  of  the  skin,  bones,  glands,  thickening  of  the 
arteries  and  continued  disturbance  of  function,  as,  e.g. , in  the  brain  of  the 
intemperate.  As  soon  as  true  nutritive  changes  appear  in  hyperasmic 
parts,  active  hypenemia  passes  into  atrophy,  hypertrophy,  or  inflammation. 

A large  number  of  experimental  sections  of  vase-motor  nerves  have  shown,  that 
nutritive  disturbances  in  hyperasmic  parts  appear  more  easily  and  quickly  in  young 
than  in  older  animals  ; that  they  are  sudden  and  severe  inversely  iis  the  hyperasmic 
part  is  protected  from  external  injurious  influences  (ScnrFF,  Snkm.kn,  Meissner, 
and  others).  Correspondingly,  great  nutritive  disturbances  in  man  are  proportionately 
lighter,  if  the  sensory  and  motor  nerves  are  paralyzed  at  the  same  time  with  the 
vaso-motor  nerves ; as  especially  in  severe  diseases  of  the  spinal  cord  and  brain. 
See  also  the  interesting  case  observed  by  the  author,  in  HaNEL,  Z.  Oasuint.  d. 
vasomot.  Near.,  Leipz.  l)in.,  1808,  p.  10. 

Collateral  hypenemia  in  the  vicinity  of  new-formations  and  the  consequently 
increased  supply  of  nutritive  material,  probably  in  part  cause  their  quicker  growth. 

General  symptoms  in  consequence  of  hypenemia  occur  only  when  the 
latter  is  very  extensive : e.g.,  in  the  heat  of  fever,  when  it  affects  the 
whole  skin,  either  in  burning  of  the  surface,  or  in  paralysis  of  the  splauch- 
nics,  when  it  affects  most  of  the  abdominal  organs.  The  general  symptoms 
have  then  their  origin  partly  in  antenna  of  other  important  organs,  espe- 
cially of  the  brain  and  lungs;  partly  in  changes  in  the  circulation  (decrease 
of  blood-pressure,  retardation  of  the  pulse),  respiration  (dyspnoea),  tempera- 
ture (decrease),  etc. 

Physiologically,  the  general  consequences  of  section  of  the  n.  splnncJinid  and  of 
the  upper  part  of  the  spinal  cord  are  accurately  known.  After  section  of  the 
former  beneath  the  diaphragm  there  follows  a determination  of  blood  into  the 

ABDOMINAL  VESSELS,  the  BLOOD  URE8SUHE  IS  LOWERED.  THE  PULSE  BECOMES 
quicker  and  smaller  (in  consequence  of  anosmia  of  the  brain,  especially  of  dimin- 
ished tonus  of  the  roots  of  the  vagi).  The  small  and  quick  pulse  in  many  cases  of 
acute  general  peritonitis  is  probably  thus  explained.  After  section  of  the  upper  part 
of  the  spinal  cord  there  follows  general  dilatation  of  the  vessels  and  decrease  of  blood- 
pressure:  at  the  same  time  there  is  a lessened  frequency  of  the  pulse  (Ludwig). 

After  extensive  burns  of  the  surface,  there  follows  dilatation  of  the  superficial 
vessels  with  consequent  abnormal  supply  of  blood  and  elevated  temperature,  on  the 
one  hand  • on  the  other  hand,  the  dilatation  of  the  vessels  causes  a diminution  of 
the  blood -pressure,  and  finally  paralysis  of  the  heart.  Roth  explain  the  manner  of 
death  from  great  burns,  better  than  the  earlier  assumption  of  nervous  collapse,  etc. 
(Falk,  Virch.  Arch.,  1871,  LI  1 1.,  p.  27. ) 

According  to  Hkideniiain,  an  increase  in  the  pressure  of  the  aortic  system  and 
a diminution  of  temperature  in  the  interior  of  the  body  appear  through  irritation  of 
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n sensory  nerve  or  through  direct  irritation  of  the  med.  oblongata : the  latter  effect 
is  dependent  upon  an  increased  temperature  of  the  surface.  See  also  Loven 
(p.  lfiO). 

In  later  years,  a few  special,  more  or  less  obscure  diseases  have  been  proposed  as 
consequences  of  a diminished  function  of  the  sympathetic  : Basedow's  disease’* 
(Trousseau,  Rem  vk.  Recklinghausen,  Gr.vkfe,  Geigkl),  diabetes  (Sou  iff, 
etc.),  intermittent  ophthalmia  (Edmosstone.  etc.;  Eclenbkrg-Laxdois). — 
According  to  Risel  (J>.  Arch.  f.  kliu.  Med . , 1870,  I.,  p.  I54),  the  eoeliac  plexus  and 
semi  lunar  ganglia,  nerves  lying  in  the  neighborhood  of  the  eteliac  artery,  are 
affected  in  morbus  Addisonii.  In  consequence  of  this,  the  vaso-motor  nerves  are 
paralyzed,  the  abdominal  vessels  are  overfilled  with  blood,  while  all  other  vessels  are 
deprived  of  it. 

B.  PASSIVE  OR  MECHANICAL  HYPER.EMJ A.  STAGNATION  OF  BLOOD. 

(Infarction.  Venous  hype  Hernia.) 

Passive  hyper  emia  consists  in  au  increased  quantity  of  Mood  in  a part, 
less  often  through  primary  decrease  of  tin;  general  Mood -pressure,  usually 
through  increase  of  the  resistances  to  be  overcome  (hindrances  to  the  flow 
of  blood  out  of  the  veins),  or  through  both  causes  at  the  same  time.  The 
blood  then  stagnates  more  or  less  in  the  venous  radicles,  if  the  hindrance 
is  not  quickly  removed  again,  or  if  the  blood  does  not  find  a lateral  chan- 
nel. The  latter  is  never  entirely  the  case,  and  thus  there  results  a retarda- 
tion of  THE  circulation  within  the  hypenemic  region  (opposed  to  active 
hvperwmia,  where  the  blood  current  is  usually  accelerated).  This  is  further 
promoted  through  the  greater  extent  of  the  venous  system  iu  proportion  to 
that  of  the  arterial. 

The  causes  op  passive  hyperemia  are  ; 

1.  Decrease  is  the  heart's  energy  (mostly  from  albuminous  or  fatty 
metamorphosis  of  the  heart),  as  it  occurs  in  severe  acute  diseases,  iu  fevers 
of  long  duration  (hectic,  typhous,  pyaurnic,  etc.,  fever),  or,  without  fever,  in 
marasmus  of  different  kinds,  without  increase  of  local  resistances.  The 
consequences  of  decrease  in  the  heart's  energy  appear  in  those  places  chiefly 
which  are  farthest  from  the  heart  (hands,  feet,  ears),  or  in  those  in  which 
one  of  the  following  causes  is  added. 


o.  Wf.ber  (1.  c.,  p.  <>>)  designates  as  isen.KMic  hyper. emta  those  arrests  of  the 
blood  in  the  veins  after  closure  of  the  arteries  supplying  them,  es(>ccially 
in  ineomj^etc  collateral  circulation.  In  the  affected  capillaries  and  veins  the  pressure 
ceases  altogether  with  the  closure  of  the  arteries,  or  is  considerably  diminished.  The 
veins  are  over  filled  with  blood,  and  with  the  capillaries  arc  widely  distended  : there 
result  exudations  of  the  serum  of  the  blood  through  the  walls,  hieinorrhagea,  etc. 


-•  Diminution  or  entire  loss  of  the  tonus  of  the  veins  (sec  p.  163-4) 
is  sometimes  found  after  the  operation  of  extreme  cold  or  heat,  as  a conse- 
quence of  severe  inflammations  of  the  walls  of  the  veins  or  of  their  sur- 
rounding tissues,  probably  also  through  disturbances  connected  with  the 
influence  of  the  nerves. 

According  to  Falk  ( Vlrch.  Arch.,  1871,  LTII..  p.  07).  the  dilatation  of  the  vessels 
of  the  skin,  which  appears  in  consequence  of  extensive  burns,  is  not  congestive  in 
character,  but  a result  of  diminished  elasticity  of  the  walls  of  the  vessels  and  of  the 
surrounding  tissues. 


* This  should  be  called  Graves’  disease  by  right  of  priority. — [Ed.] 
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3.  Increase  of  local  resistances.  Such  exist,  first  of  ail,  in  the 
chronic  form  of  arteritis,  which,  through  its  effect  on  the  inner  coat,  increases 
the  friction  of  the  blood  passing  over  it,  and  through  those  on  the  middle 
layer,  diminished  elasticity  and  contractility  of  the  vessel.  Many  hvperre- 
miie  and  haemorrhages  in  inflamed  parts,  in  tumors  and  their  vicinity, 
depend  upon  this. 

The  natural  effect  of  the  difficulty  is  chiefly  on  the  veins.  It  appears  as 
soon  as  the  muscles  become  relaxed,  or  are  only  partially  active.  In  men 
who  stand  long  (type-setters,  bakers),  or  who  are  sedentary  (students),  or 
who  lie  for  a long  time  (men  with  fractures  of  the  lower  extremities,  sick  of 
all  kinds),  it  leads  to  dilatation  of  the  veins  and,  especially  in  cases  of  the 
last- mentioned  kind,  to  hypostases.  These  are  met  with  chiefly  in  the  skin 
of  the  back  and  hips,  heels,  trochanters;  in  the  scrotum;  in  the  posterior 
and  lower  parts  of  the  lungs;  sometimes  also  in  the  back  part  of  the  brain 
and  spinal  cord,  bladder,  prostate,  uterus;  in  the  posterior  surface  of  the 
kidneys;  in  the  deeply  lying  portions  of  the  intestines.  These  hypostases 
occur  on  both  sides  from  continuous  lying  on  the  back ; in  the  correspond- 
ing side,  in  protracted  lying  on  one  side.  Hypostasis  of  the  lungs  is  pro- 
moted by  the  weakness  of  the  respiratory  muscles,  want  of  force  in  the 
heart’s  contractions,  atony  of  the  vascular  coats,  perhaps  also  by  blood- 
changes. 

Members,  especially  the  fingers,  which  are  stiff  in  their  joints  after  old  inflamma- 
tions, are  often  colored  bluish-red,  and  are  subjectively  and  objectively  colder. 

Choking — congestions  in  the  stricter  sense,  hypeh.e.mi.e  of  com- 
pression, arise  where  a direct  obstruction  renders  difficult  the  flow  of 
venous  blood  and  a sufficient  collateral  circulation  is  not  present.  Here 
belongs  compression  of  the  veins,  e.g.  of  those  of  the  pelvis  and  lower 
extremities  by  the  pregnant  uterus;  the  accumulation  of  fecal  masses  against 
the  hamiorrhoidal  veins ; the  action  of  all  constricting  articles  of  clothing, 
especially  in  women  and  soldiers;  the  action  of  trusses,  of  bands  of  all  kinds, 
of  tumors  in  the  extremities;  in  narrow  cavities,  that  of  exudations ; the 
consequences  of  contractions  of  cicatrices,  as  well  externally  in  the  skin 
as  in  the  glands,  as,  e.g.,  in  granular  liver,  in  the  kidneys;  of  strangu- 
lation in  ovarian  tumors;  those  of  the  intestinal  veins  in  strangulated 
hernia,  of  the  rectal  veins  in  piles,  etc.  Farther,  the  formation  of  coagu- 
lations and  concretions  in  the  veins;  the  manifold  and  varicose  enlarge- 
ment of  the  veins  in  the  lower  extremities,  in  the  seminal  cord,  in  the  pelvis ; 
in  and  around  the  uterus ; ulceration  of  the  veins ; cavernous  dilatation  of 
the  vessels. 

Contraction  of  the  veins  probably  also  occurs  in  an  independent  manner;  at  any 
rate,  we  know  nothing  to  the  contrary.  Experimental  examinations  of  intestinal 
pressure  were  made  by  Schweninger  (Arch.  d.  Ueilk .,  1873,  XIV.,  p.  300). 

Some  diseases  of  the  liver,  of  the  connective-tissue  and  remaining  ele- 
ments of  the  fissures  of  the  liver,  of  the  trunk  of  the  portal  vein,  are  followed 
by  venous  hypersemia  of  the  radicles  of  this  vein ; but  which  may,  in  part, 
lie  compensated  for  by  means  of  anastomoses  of  the  portal  vein  with  other 
veins. 

Many  diseases  of  the  heart,  especially  those  in  which  the  blood  accumu- 
lates in  the  left  ventricle  (insufficiency  of  the  mitral  valve  and  stenosis 
of  the  left  auriculo-ventricular  opening,  etc.),  and  those  of  the  lungs,  in 
which  either  the  aspiration  of  venous  blood  is  lessened,  or  its  passage 
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through  the  pulmonary  vessels  is  obstructed,  likewise  belong  to  this  class, 
although  thereby  there  finally  appears  hypenemia  of  the  whole  venous  sys- 
tem. In  the  cardiac  diseases  mentioned  above,  first  of  all,  the  flow  of  blood 
out  of  the  pulmonary  veins  is  obstructed  ; farther  on  the  arrest  is  continued 
through  the  puluional  veins,  partly  into  the  bronchial  veins  (hence  chronic 
bronchitis),  partly  through  the  capillaries  into  the  pulmonary  artery,  the 
right  side  of  the  heart,  to  the  liver  and  through  the  capillary  system  of  the 
latter  into  the  abdominal  cavity  (abdominal  hypenemia). 

According  to  J.  C.  Lehmann  ( Unterwchungen  dm  Plutdt'uckes  bei  Rrvntkrank- 
heit.ru  : U hl.  for  Larger,  July,  180ft,  p.  1),  the  changes  peculiar  to  blood-arrest  (hyper- 
trophy and  dilatation  of  the  right  side  of  the  heart,  cyanosis  of  the  liver  and  kidneys, 
nutmeg-liver,  hypenemic  distension  of  the  spleen,  cyanotic  coloring  of  the  skin,  and 
dropsy)  occur  oftenest  and  are  most  marked  in  chronic  bronchitis,  while  in  pulmonary 
phthisis  and  empyema  they  are  observed  most  rarely.  This  does  not  depend  alone  on 
the  fact  that  the  mechanical  obstruction  to  the  pulmonary  circulation  is  greater  iu 
chronic  bronchitis,  hut  upon  the  aggregate  quantity  of  blood  in  the  body  and  in  the 
whole  duration  of  the  disease  : the  greater  the  first  and  the  longer  the  last,  so  much 
the  sootier,  ret.  /nr.,  can  congestions  appear.  Both  these  last  causes  are,  in  chronic 
bronchitis,  directly  favorable  to  the  development  of  n congestion,  os  they  cause  no,  or 
no  considerable,  emaciation  and  anaimia.  and  usually  last  a very  long  time ; while 
phthisis  is  accompanied  by  great  emaciation  and  amentia,  and  is  of  shorter  duration. 

An  especial  disposition  to  venous  hypenemia  is  found  in  certain  parts  of 
the  body:  in  the  htemorrhoidal  veins,  whose  walls  have  no  valves,  and 
whose  blood  has  to  pass  through  a second  capillary  system ; in  the  left 
spermatic  vein,  since  it  opens  into  the  left  renal  vein  (frequent  cause  of 
varicocele  on  the  left  side),  etc.  This  disposition  is  sometimes  acquired, 
e.tf.  in  the  region  of  the  saphenous  vein,  from  pregnancy,  etc..  ; sometimes 
hereditary,  e.ij.  in  the  hannorrhoidal  veins. 

The  symptoms  or  PASSIVE  11  ypek.f.m  ia  are  generally  more  lasting  as  those 
of  congestion,  since  their  causes  are  mostly  continuous.  They  also,  for  the 
most  part,  apjiear  more  slow  ly  than  in  the  latter,  and  in  many  cases  never 
again  disappear.  They  finally  affect  all  the  larger  divisions  of  the  body, 
since  the  causes,  for  the  most  part,  act  widely,  and  since  all  veins  freely 
anastomose  with  one  another. 

A dakk  BLlTSH-KKi)  colok  of  the  part  (an  extremity,  the  lips  and  mouth, 
etc.)  is  the  most  striking  symptom.  This  coloring  is  in  consequence  of  the 
dilatation  of  the  veins  and  capillaries,  of  the  greater  accumulation  of  the 
blood-corpuscles,  of  the  retarded  circulation,  and  of  the  resulting  increased 
taking-up  of  carbonic  acid  out  of  the  tissues. 

CoilNiiEISf  (1  irch.  Arch.,  XT,I.,  p.  220),  in  microscopical  observation  of  the  web 
of  a frog  after  ligation  of  the  crural  veins,  saw  the  arteries  and  veins  dilate  only  a 
little,  the  capillaries  hardly  more  than  about  a fifth  of  their  original  diameter.  How- 
ever, after  longer  duration  of  congestion,  there  appears,  as  may  be  demonstrated  iu 
the  visible  parts  of  man  and  in  the  dead,  a considerable  dilatation.  In  the  liver,  i ff., 
this  may  become  ro  considerable  that  the  hepatic  cells  altogether  disappear,  or  are  in 
varions  ways  compressed. 

Coiiniikim  saw  the  blood-movement  a few  seconds  after  ligation  of  the  crural  wins, 
become  pulsating  and  rhythmical : by  the  sudden  closure  of  the  veins  the  resist- 
ance in  tlie  veins  and  capillaries  so  increased,  that  it  was  overcome  only  by  the 
systole. 

( oiiMiKtM  farther  observed,  that  after  ligation  all  the  vessels  become  densely  filled 
witn  blood -oorpusales.  In  the  arteries  and  veins  the  character  of  the  stream  disap- 
pears. the  blood -corpuscles  come  into  immediate  contact  with  the  inner  contour  of 
the  vessel  s wall,  the  rod  and  white  globules  in  confusion.  This  is  still  more  striking 
in  the  cupilluries  : the  quantity  of  blood  globules  becomes  greater  with  every  systole  ; 
they  lie  at  first  with  their  long  axis  in  the  direction  of  the  stream,  but  soon  their 
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Surfaces  are  opposed  to  the  stream.  Their  contours  are  still  visible.  After  some 
time,  twenty  immxtes,  the  capillaries  appear  tilled  with  an  altogether  homogeneous 
rod  substance,  in  which  only  the  colorless  blood  globules  are  still  visible.  After  a 
short  time  this  color  becomes  bluish-red.  The  movement  is  at  the  same  time  com 
pletely  arrested. 

The  behavior  of  the  lymiuiatics  in  congestive  hypenemia  is  still  almost  unknown. 
In  the  lower  grades  of  it,  they  are,  according  to  many  (OoLGI,  etc.),  considerably 
diluted  ; in  higher  grades  and  later  stages,  especially  if  the  parts  are  dropsical,  this  is 
certainly  the  case.  ( Vide  infra.) 

When  congestive  hyperaeinia  extends  to  parts  of  the  skin  and  to  the 
finest  veins,  whereby  the  skin,  and  especially  the  prominent  parts  (nose,  lips, 
cheeks,  fingers),  mostly  also  the  visible  mucous  membranes,  become  bluish 
colored,  these  parts  are  called  cyanotic. 


In  a narrower  sense,  by  general  cyanosis,  blue  disease,  is  understood  the  quickly  or 
slowly  appearing  state,  in  which  there  arises  a uniform  coloration  of  the  whole  skin 
and  mucous  membranes  through  a restriction  to  the  interchange  of  gas  in  the  lungs, 
and  through  a retardation  of  the  blood-stream  in  the  capillaries  and  veins. 

A lower  temperature  in  passively  hyperasmic  parts  proceeds,  in  part 
from  the  slower  current  of  blood,  in  part  from  the  inconsiderable  trans- 
formation of  material,  ft  is  most  striking  in  the  peripheric  parts  subject 
to  greater  cooling  olF,  and  is  perceptible  as  well  to  the  patient  as  to  the 
physician. 

If  the  stagnation  of  blood  takes  place  quickly,  the  temperature  of  the  part  is  at 
first  increased  by  means  of  the  arterial  supply  : ().  Weber  found  after  ligation  of  the 
veins  in  the  ear  of  a rabbit,  a rise  of  from  2 -3°  0. 

Large  h emorrhages  upon  free  surfaces,  or  into  the  parenchyma,  usually 
occur  only  from  free  and  delicate  vessels  (inner  meningeal  layers  of  the 
brain,  alveoli  of  the  lungs),  or  from  diseased  vessels,  or  in  congestive 
hypenemia  of  high  degree.  % ( Vide  Haemorrhage.) 

According  to  COUNIIEIM,  there  appear  in  the  web  of  a frog,  at  the  earliest  forty- 
five  minutes  after  ligation  of  the  femoral  vein,  at  the  periphery  of  the  capillaries, 
regularly  dilated  and  filled  with  a uniform  red  substance  (the  confluent  red-globules), 
small  rounded  knots  of  the  same  color,  which  swell  out  more  and  more,  present 
rounded  excrescences,  and  finally  become  large,  irregular,  uneven  masses.  These 
then  fall  apart  and  appear  to  be  composed  of  red-globules,  which  now  lie  outside  of 
the  vessel.  This  transmigration  of  blood-corpuscles  takes  place  also  in  some  of  the 
smallest  veins,  when  the  aggregation  of  blood  is  especially  great.  It  is  doubtful, 
that  the  colorless  corpuscles  also  pass  through.  According  to  Bastian  {Brit.  Med. 
,/. , 18(18,  p.  425),  red  globules,  as  well  as  white,  leave  the  vessels  in  venous  stases, 
scorbutus,  etc. . by  means  of  amoeboid  movements. 

Virchow  ( Beitr.  z.  Ocbrtsch. , 1872,  I.,  p.  323)  has  seen  chronic  hypenemia  exist 
with  rust-colored  sputa,  and  later  in  the  dead  body  true  brown  induration  of  the 
lungs  in  chlorotic  women  without  valvular  disease. 

Bleedings,  e <). , into  the  rectum,  from  the  nose,  act  favorably  on  passive  hyper- 
lemi®.  as  well  by  the  local  as  by  the  general  decrease  of  the  blood-mass.  They 
may  on  this  account  also  be  resorted  to  as  therapeutic  measures,  as  for  example  in 
congestion  of  the  vessels  of  the  head. 

The  function  of  parts  is  diminished  partly  on  account  of  the  retardation 
of  the  circulation  and  of  the  little  amount  of  tissue  transformations,  partly 
on  account  of  the  pressure  which  the  dilated  capillaries  exercise  upon  the 
surrounding  parts  (brain,  glandular  cells),  partly  on  account  of  the  dis- 
placement of  other  substances,  e.g .,  of  the  air  in  the  pulmonary  vesicles.  In 
the  brain  there  are  presented  signs  oi  depression  oi  the  psychical,  motor, 
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and  sensory  functions,  dulness,  vertigo,  affections  of  the  senses.  In  the 
nerves  of  the  extremities  there  is  a feeling  of  numbness  and  weakness. 
The  number  of  heart-beats  is  usually  lessened.  The  vaso-motor  nerve 
centres  become  irritated;  small  arteries  contract,  blood-pressure  rises.  The 
pupils  are  mostly  dilated.  In  the  muscles  there  appears  a diminished 
capacity  for  motion,  as  well  in  those  of  the  extremities,  as  in  the  heart ; 
also  for  the  most  part  in  smooth  muscular  fibres  (e.ff.,  in  impaction  of  the 
intestines).  In  the  respiratory  organs  also  it  gives  rise  to  slight  or  no 
bronchitis  ami  dyspnoea,  which  sometimes  in  a chronic  manner  becomes 
most  severe.  The  glandular  organs,  in  which  velocity  of  the  blood- 
stream and  rapidity  of  excretion  stand  in  direct  proportion  one  to  the 
other,  secrete  less,  the  quantity  of  urine  becomes  reduced,  the  urine  more 
concentrated,  of  high  specific  gravity,  albuminous  ; the  sediment,  for  the 
most  part  very  abundant,  contains  urates,  easts,  etc. 

If  wc  breathe  in  as  deeply  as  possible,  and  then  with  the  glottis  closed,  by  means  of 
the  muscles  of  expiration  as  well  as  by  compression  of  the  thorax  by  the  arms,  the 
greatest  possible  pressure  is  exercised  npou  the  lungs,  the  heart’s  impulse  ami  tone 
ami  pulse  gradually  become  weakened,  and  may  entirely  disappear  ; the  cervical  atul 
facial  veins  become  swollen,  the  skin  and  mucous  membranes  of  the  head  become 
bluish-red.  followed  by  dizziness  anil  even  fainting  (bo.  WsBKK,  Bonders). 

According  to  Lwihms  < I/-  /.  ( V ntr'ii'-l. , 1 s>;7.  No  10),  hypenemie  states,  especially 
venous  stasis  of  the  medulla  oblongata,  can  give  rise  to  attacks  ok  epileptiform 
convulsions.  Hkiim  vnn  and  Ksciikr  i ArrJt  <1.  ye*.  , 1870.  III..  1 II . . p.  3) 

have  likewise  shown  by  experimentation  on  cats,  that  the  same  convulsions  occur  in 
diminished  as  well  as  in  increased  supply  of  blood  to  the  brain.  Hence,  the  imme- 
diate cause  of  both  forms  of  convulsions  is  the  same,  namely,  a want  of  oxygen, 
and  the  accumulation  of  carbonic  acid  in  certain  regions  of  the  brain.  Accord- 
ing to  Xotunaukl  (Voi.kmann’s  Samml.  Klin.  Yorlr .,  1872.  No.  39),  the  symptoms 
at  the  beginning  of  an  epileptic  attack  (coma  and  general  convulsions)  have  their  ori- 
gin in  arterial  anamiia  of  the  brain,  particularly  of  the  pons,  and  medulla  oblongata ; 
while  those  appearing  late  in  the  attack  (coma,  general  convulsions,  high  degree  of 
venous  hyperemia  of  the  face)  proceed  from  venous  hypertonia.  The  same  irritant, 
which  acts  upon  the  centre  of  respiration  in  the  spinal  cord,  incites  to  increased 
activity  all  neighboring  centres  concerned  in  an  epileptic  attack,  the  automatic  centres 
so-called  : the  voso-m  >tor  centre,  the  centre  for  convulsions,  the  nuclei  of  the  cere- 
bral motor  nerves. 

Whilst  most  functions  are  diminished  by  venous  hyper.emia,  a motion  appears  jn 
smooth  muscular  fibres.  According  to  Meyer  and  Bascii  <k»tr.  Jtihrb. , 1871.  p. 
142),  stases  of  blood  in  the  intestinal  canal  excite  its  muscular  fibres  to  motion  : 
*’  dyspmea  of  the  intestines  causes  their  contraction."  In  the  same  manner  conges- 
tive hyiienumia  is  the  cause  of  movements  in  the  uterus  (Oseu  and  Suhlesi.nger.  ride 
p.  169). 


W atery  transudations  arise  very  easily  in  parts  which  have  long  been 
subject  to  venous  hvperaamia.  They  appear  in  organs  of  large  superficial 
extent  (skin,  etc.),  ami  in  serous  cavities,  as  dropsy.  In  the  mucous  mem- 
branes there  appear  UHRONIO  UATARR1I8,  as  most  often  affect  those  of  the 
respiratory  passages  and  digestive  tract;  here  the  anomalies  of  secretion 
are  still  very  obscure. 

A moderate  swelling  of  the  part  is  frequent  in  venous  hyperwmia.  In 
external  parts  this  is  easily  demonstrated,  in  internal  parts  only  in  the 
liver  (especially  in  insufficiency  of  the  mitral  valve).  It  is  sometimes  pain- 
less, sometimes  connected  with  a sense  of  weight,  or  with  a dull  pain,  a 
feeling  of  tightness  or  of  pressure. 

I assive  hypenemia  of  very  long  duration  may  be  followed  by  hyper- 
trophy of  the  dilated  vessels  and  of  the  tissues  themselves:  the  former, 
most  often  in  the  leg  in  varices,  also  in  the  anus;  the  latter  in  the  con- 
nective tissue  of  th  1 skin,  mucous  membranes,  glands  (cyanotic  induration 
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of  the  kidneys,  etc.).  More  frequently  congestive  hypenemia  gives  rise  to 
atrophy,  e. g'.x,  red  atrophy  of  the  liver;  not  infrequently,  however,  the 
diminution  of  the  part  is  concealed  by  the  serous  swelling.  Gangrene 
(decubitus)  arises  mostly  only  from  external  pressure  (in  the  region  of  the 
hips,  etc.),  or  in  total  arrest  of  the  circulation. 

General  symptoms  seldom  appear  in  congestive  hypenemia  of  single 
parts  of  the  body,  but  very  early  in  consequence  of  general  anaemia,  and  of 
the  lowering  of  the  blood-pressure,  which,  e.f/.,  is  present  in  over-filling  of 
the  portal  vein  and  its  roots  (experimentally — in  convulsive  states  ? in 
pressure,  etc.,  upon  this  vessel),  or  after  burns  of  the  skin  of  large  extent, 
producing  dilated  vessels. 

Boddaert  ( Extr . dnbuR.  delasoc.  dc  mel.  de.  Garni.,  1872).  by  ligation  in  rabbits 
and  guinea-pigs  of  both  external  and  internal  jugular  veins,  and  simultaneous  section 
of  both  cervical  sympathetic,  produced  a not  inconsiderable  exophthalmos,  which 
existed  many  days,  and  again  gradually  disappeared,  with  the  establishment  of  the 
collateral  circulation.  11.  ligated  also  the  inferior  thyroid  veins,  followed  by  swelling 
of  the  thyroid  gland.  B.  hoi  is  the  great  acceleration  of  the  heart’s  contractions, 
from  paralysis  of  the  cervical  sympathetic,  to  be  the  primary  condition  of  Basedow’s 
disease,  through  which  contractions  a sufficient  emptying  of  the  veins  during  dias- 
tole is  prevented  and  a venous  congestion  is  produced. 

When  the  causes  of  venous  congestion  quickly  disappear,  there  appears 
in  a short  time  a re-bstablisiiment  of  the  normal  conditions.  This  may, 
however,  also  take  place  if  the  congestion  remain  longer ; the  circulation 
again  becomes  free,  iir.st  of  all  in  the  veins,  then  in  the  capillaries;  the 
exuded  serum  disappears  from  the  tissues  through  the  lymphatics,  the  red 
blood-globules  partly  degenerate  into  fat,  partly  enter  upon  a pigmentary 
metamorphosis. 

COHNiiRTM,  in  his  experiments,  saw.  after  restoring  the  current  of  the  blood  by  re 
moval  of  it.-s  obstructions,  the  homogeneous  red  masses  (continent  red-corpuscles) 
sometimes  in  a few  minutes  again  separate  into  their  individual  normal  elements. 
The  red-globules  found  confined  in  the  vessels’  walls  in  their  passage  through  them, 
partly  passed  on  to  the  exterior,  while  others  were  broken  off  by  the  blood- stream,  and 
are  carried  onward.  All  were  gone  in  from  twelve  to  sixteen  hours  after  loosening 
of  the  ligature. 

According  to  Guyon  (Arch.  d.  Phi/s  , 18(18,  I.,  p.  56),  the  pulse  in  the  carotid  can- 
not be  felt  during  strong  muscular  efforts,  as  in  parturition,  while  that  of  the  radial 
continues.  G.  explains  this  by  a swelling  of  the  thyroid  gland  (from  venous  conges- 
tion) and  a simultaneous  contraction  of  tho  muscles  of  the  neck,  so  that  the  carotids 
are  compressed  by  them.  In  this  manner  venous  congestions  in  the  head  and  brain, 
threatening  danger,  may  be  checked  by  a kind  of  self-controlling  of  the  arterial 
supply. 


3.  THROMBOSIS  AND  EMBOLISM. 

The  older  researches  of  Wepfer  (1(558),  Gout.  (1710),  etc.  .T.  Hunter,  TV.  of  a 
Soc.  for  the  Jmpr.  of  Med  and  Chic.  Knowl.,  1791}. — Hodgson,  Van  d.  Krankh.  d. 
Artt.  u.  Venen.  Transl.  by  Koberwkin.  1817. — Ai.tbert,  Itech.  sur  tene  occlusion 
pen  connue  de*  -rumen nr  arts  rids  consider^  romme  cause  de  gangrene,  1828. — Francois, 
Kxs.  sue  lei  gangrene  spontanee,  1829. — Stilling,  Die  Bi Idling  u.  Metamarph.  des 
Blutpfropfes  a.  s.  to.,  1 8-54.  — Stannius,  Ueb.  d.  krankh.  VerscJdiess.  grosserer  Ven- 
enstaminr,  i860.— Gulliver,  Med.-Ghir.  Transact..  1889. — Zwicky.  Die  Metnnwrph. 
des  Thrombus,  1841. — TiedemaNN,  Von  d.  Vereng.  u.  SchUess.  der  Pulsadern  in 
Krankh.,  1848. — Paget,  fond.  Med.  Gaz.,  1854. — Porta,  Delie  alterne.  pntd.  dells 
art.  per  la  legal,  eta  tors..  1845. — Hasse,  Ztschr.f.  rat.  Med..  1840,  p.  91  .—Vikciiow, 
Ztschr.  f.  rat.  Med..  1846,  V.  ; Kror.'s  Not.,  1846;  Traube's  Beitr.,  1846,  II.,  p.  1; 
Arch.,  1847.  I.,  p.  272,  V.,  p.  275,  IX.,  p.  307,  X.,  p.  179;  Qes.  Abhandl..  pp.  57  u. 
219  • 1 Idb  d.  Path.  u.  Tlier.,  I.,  p.  156.— Meinbl,  Arch.  f.  phgs.  Iieiik. , 1848.— Ben- 
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\fonthhi  Jonrn.,  1850,-Skxii.  Kirkes,  Ml. -Hur.  Transact.,  18o2— R-m.K, 
I'ircJi  Wch  1853.  V.,  p.  180. — Tcffxkll.  DubL  Qinrf.  Journ.,  18o3.— Klinger, 
a, ' f Ilei'Jc..  1855.— Cons,  D>  embnUtt  ejutqw  vyutU*,  1856 ; Klintk  <U-r 

\i,fr,.»krankheiten.  1880.—  Duscil,  Zhehr.f.  nit.  M d . C.  MI  — Pan  cm, 
GZn*bnrg'»  18.5(5,  VII.  ; Virch.  Arch..  XXV.,  pp.  308  and  433. -Beckmann, 

i i,  \rrh  1857  XII-.  p.  59.— .SniPTZEXBKKUEK.  m>  -i.  de  Strasbourg,  18o(. 

— FttOMM VSN  Virch  Arch..  1859,  XVII.,  p.  135.— Oraekk.  A&g.  Wen.  med.  '/Ay., 
1N.50.  So.  14—0.  Wkher,  Ulh.  Chir.,  18(55,  1 . p.  <».— Voi.kmann.  Langmbeck's 
Arch..  IKti'i  V.,  p.  330. — Timers : u.  In.  P Vui-BA'roth'*  Ulh.  d.  Chir..  1S0<.  I.,  2. 
Xlith."  2.  H.\  p.  531.— CoONHEtM,  i nter*,  ab.  d.  emM.  Proc.,  1872.  (Consult  also 
the  literature  of  Py.KMIA.) 


From  various  local  and  general  causes  there  occurs  diking  liie,  within 
the  vessels,  a COAGULATION  of  THEIR  CONTENTS.  The  coagulum  is  distin- 
guished from  that  arising  during  the  agony,  or  immediately  after  death,  by 
the  term  thrombus.  Such  a coagulation  om  e having  taken  place,  e.g.  in 
the  veins,  the  whole  channel  may  become  obstructed,  and  the  process  con- 
tinue peripherieally  into  the  smallest  branches  j it  proceeds  toward  the 
centre  as  far  as  the  nearest  larger  inosculating  branches;  the  coagulum 
projects  somewhat  from  the  month  of  the  vein,  and  since  the  blood-stream 
of  the  other  vein  comes  in  forcible  contact  with  it,  here  arises  a thrombus 
which  iuav  again  extend  backward  into  the  distribution  of  the  second 
vein. 

Hut  it  not  infrequently  happens  that  the  blood-stream  coursing  along  the 
free  unobstructed  vessel,  comes  in  contact  with  the  projecting  part  of  the 
coagulum,  and  carries  a piece  away  along  with  it.  1 his  may  also  occur  in 
a coagulum  which  does  not  completely  obstruct  the  vessel.  These  free 
coaguia  or  pieces,  if  they  belong  to  the  veins  of  the  systemic  circulation 
which  do  not  open  into  the  portal  vein,  must  pass  the  right-  side  of  the 
heart  ; from  here  they  go  into  the  lungs,  and  are,  according  to  their  volume, 
driven  into  a larger  or  smaller  branch  of  the  pulmonary  artery.  If  they 
have  their  origin  in  the  roots  of  the  portal  vein,  they  are  carried  away  by 
that  vein,  and  stick  fast  in  its  hepatic  branches,  etc.  This  occurrence  of 
obstructing  vessels  by  coaguia  which  have  been  transported  from  other 
parts,  is  called  embolic  thrombosis,  or  EMBOLISM.  The  obstructing  plug 
itself  is  called  EMBOLUS. 

The  thrombus  and  the  embolus  are,  in  the  greater  proportion  of  cases, 
coaguia  of  blood;  both  may  be  formed  of  other  substances.  I he  conse- 
quence, however,  is  then  almost  always  a coagulation  of  the  blood,  for  the 
most  part  around  the  primary  thrombus  or  embolus. 


A.  thrombosis. 


Thrombosis,  i.e.  the  coagulation  of  the  blood  within  living  vessels, 
follows  the  same  laws  as  coagulation  outside  of  them.  ( I \de  p.  155.) 

Thrombosis  occurs  frequently  in  the  heart,  in  the  arteries  and  in  the 
veins  of  medium  size,  seldom  in  the  capillaries,  ofteaer  again  in  the  lym- 
phatics. 

An  autochthonous  or  primitive  thrombus  is  one  which  remains  confined 
in  the  part  in  which  it  first  arose,  especially  in  the  heart,  also  in  the  vessels. 
It  lies  in  contact  either  with  the  inner  surface  of  the  vessel  by  a greatly 
varying  extent  of  surface,  without  sensibly  contracting  the  vessel  s channel. 
Ur,  it  projects  farther  into  the  channel,  so  as  to  effect  a real  narrowing  of 
the  vessel:  so-called  PARTIALLY  OBSTRUCTING  THROMBUS.  Ur,  finally,  the 
vessel  s channel,  to  a varying  length,  is  completely  closed  by  the  coagulum; 
so-called  TOTALLY  obstructing  THROMBUS.  The  shape  of  this  thrombus 
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corresponds  exactly  with  that  of  the  vessel : if  the  latter  is  large  and  pouch- 
shaped, the  former  will  be  globular;  if  branched,  the  thrombus  likewise 
will  be  branched  ; but  its  central  part,  i.e.  the  end  directed  toward  the 
heart,  always  takes  the  shape  of  a rounded  cone,  in  the  arteries  as  well  as 
in  the  veins. 

A progressive  thrombus  is  one  which  grows  continuously  through  a 
various  extent  of  the  vessel,  which,  from  small  beginnings  seldom  proceeds 
quickly,  but  for  the  most  part  slowly  and  by  strata.  In  the  arteries  the 
progress  is  oftener  from  the  trunks  and  larger  branches  toward  the  smaller 
branches,  while  in  the  veins  the  contrary  usually  occurs.  Its  extension 
takes  place  in  different  ways,  first  of  all,  always  into  the  next  larger  col- 
lateral branches. 

Exceptions  occur  in  the  veins  on  account  of  the  easy  compressibility  of  their  walls. 
Thus,  in  obstruction  of  the  right  iliac  vein,  a very  long  plug  is  usually  formed  in  the 
vena  cava,  while  on  the  left  side  this  rarely  occurs,  because  here  the  right  iliac  artery, 
crossing  the  left  iliac  vein,  favors  the  closure  of  its  orifice. 

Most  of  those  thrombi  are  called  secondary  which  arise  after  primary 
inflammation  of  the  vessels  or  of  the  tissues  immediately  surrounding  them. 
Many  thus  designate  those  also  which  are  continuous  from  a vessel  into 
one  of  another  kind,  e.g.  from  capillaries  into  veins  or  into  arteries,  from 
veins  into  arteries,  etc. 

The  coagulum  is  contiguous  with  most  of  the  circumference  of  the  vessel. 
Less  frequently  there  are  found  between  it  and  the  wall,  spaces,  which  are 
filled  with  fluid  blood:  the  latter  comes  from  the  small  vessels  which  enter 
in  or  depart  from  the  vessel  at  this  point. 

The  CHARACTER  of  THE  thrombus  varies.  Its  surface  is  always  smooth 
and  even,  if  'no  especial  influences  have  acted  upon  it.  Thrombi  are  or  are 
not  laminated.  The  latter  occurs  from  sudden  coagulation  of  an  arrested 
mass  of  blood,  e.g.  in  ligation  of  vessels ; red  and  white  blood-globules  are 
uniformly  distributed  through  it.  Laminated  thrombi  arise  during  a slow 
and  continuous  coagulation  with  an  intermitting  force  of  condensation ; 
they  show  in  transverse  section  colorless  corpuscles  in  large  quantity,  and 
alternate  layers  of  red  and  white  blood-globules.  The  layers  are  not  per- 
fectly concentric,  but  are  arranged  in  longitudinal  and  transverse  section, 
like  those  of  an  onion,  if  the  thrombus  is  situated  in  a broad  cavity  (heart, 
varix),  and  the  latter  is  attached  to  a small  point ; or  they  are  like  those 
of  the  preceding  only  in  cross  section,  in  longitudinal  section  consisting  of 
overlying  ellipsoidal  layers,  if  the  thrombus  belongs  in  a narrow  vessel.  At 
first  the  thrombus  is  dark-  or  grayish-red,  elastic,  soft,  moist,  and  has  a 
smooth,  glistening,  moist  surface  of  section.  Gradually  it  becomes  paler, 
drier,  less  elastic,  even  crumbling;  its  surface  on  section  becomes  dull  and 
lustreless,  and  is  at  different  points  colored  red,  brown,  gray,  and  yellow. 
Under  the  microscope  there  are  to  be  seen  fibrous  lamellae  in  inconsiderable 
number,  and  between  them  shrivelled  white  and  red  blood-corpuscles,  chiefly, 
however,  albuminous  molecules. 

Thrombi  are  not  to  be  confounded  with  the  coagnla  found  in  the  dead.  As  is  well 
known,  coagula  are  found  iu  almost  every  dead  body,  in  the  right  side  of  the  heart, 
when  the  death-struggle  has  been  prolonged.  These  are  light  or  dark  colored,  loose, 
elastic,  soft,  and  are  attached  to  the  valves  and  cords.  The  dark  coagula  consist  of 
fibrin,  red  and  white  blood-corpuscles.  Frequently  the  red  corpuscles  quickly  sink, 
leaving  the  coagulum  formed  only  of  fibrin  and  colorless  corpuscles;  it  then  appears 
white,  or  whitish-yellow.  These  coagula  reach  from  the  right  side  of  the  heart  into  a 
part  of  the  pulmonary  artery,  but  which  they  never  entirely  fill ; they  ate  continuous 
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into  the  vonrc  cavre,  and  thence  through  all  the  veins  of  the  body,  into  which  the 
blood,  at  the  death  of  the  vessels,  is  driven  by  the  elasticity  of  the  arteries.  Coaguln 
are  not  usually  found  in  the  arteries,  or  only  small  ones  in  those  of  the  largest  size, 
similar  to  those  mentioned  above. 

The  fresh,  laminated  thrombus  is  distinguished  from  a simple  blood‘coagulum  : 1 , 
by  it*  laminated  structure,  which  is  present  in  almost  all  somewhat  thicker  thrombi ; 

by  its  greater  quantity  of  fibrin  : hence  these  thrombi  are  mostly  lighter,  firmer, 
and  drier  than  coagula ; 3,  by  the  greater  proportion  of  white  blood-corpuscles  over 
that  of  the  red,  which  proceeds  in  part  from  a retardation  of  the  circulation,  in  part 
from  the  fact  that  the  blood  of  many  affected  with  thrombus-formation  is  richer  in 
such  corpuscles  (those  affected  by  puerperal  diseases,  and  consumptives).  The  uou- 
laminated  thrombus  is,  in  its  most  recent  state,  not  to  be  distinguished  from  a blood- 
coagulum.  Later  it  is  characterized  by  its  metamorphoses. 


The  farther  destiny  of  a thhombus  varies.  Most  important  are  its 
puriforru  liquefaction  and  its  organization. 

Pi  riform  liquefaction,  or  softening,  is  the  usual  metamorphosis  of 
laminated  thrombi  of  the  heart  and  veins,  in  thrombosis  of  long  duration. 
Then  there  is  found,  at  first  in  the  middle  of  the  thrombi  and  extending 
thence  toward  the  periphery,  a liquid  at  first  sharply  circumscribed,  later 
more  diffuse;  at  first  more  viscous,  then  of  a thin  or  thick  consistency; 
which  liquid  to  the  naked  eye  sometimes  perfectly  resembles  pure  pus,  and 
sometimes  has  an  ichorous  character  (reddish  or  brownish,  thin  and  often 
of  a disagreeable  odor).  At  the  beginning  there  are  mixed  with  it  crumb- 
ling particles,  which  are  the  remains  of  the  more  dense  fibrinous  layers. 
The  microscope  then  shows,  in  such  thrombi,  the  elements  of  true  pus  only 
if  pus  has  perforated  into  the  vessel,  or  if  in  its  wall  even  there  has  hap- 
pened the  formation  of  au  abscess.  Usually  albuminous  molecules  are 
chieHy  found,  later,  oil-drops,  red  and  especially  white  blood-corpuscles, 
rarely  normal,  but  mostly  in  a state  of  metamorphosis. 

The  organization  of  thrombus  occurs  mostly  in  the  non-lamina  tod  variety ; 
less  frequently  in  extensive  thrombosis  of  the  veins,  with  final  destruction 
of  the  channel  of  the  vessel;  more  often  in  partial  thrombosis,  in  the  veins 
as  well  as  in  the  arteries,  occurring  especially  after  section  ami  ligature. 
The  thrombus  tilling  the  vessel  (artery  or  vein)  immediately  after  injury 
reaches  from  the  wounded  point  to  the  nearest  collateral  branch ; it  is 
accordingly  of  different  lengths,  and  on  one  side  (or  on  Inith)  projects  into 
the  blood-stream  with  conical  extremities.  It  is  already,  very  soon  after 


its  formation,  firmly  connected  by  its  base  to  the  inner  surface  of  the  vessel, 
while  the  remainder  lies  at  first  loose  in  the  vessel,  and  only  gradually 
acquires  a firm  connection  with  its  internal  surface.  The  coagulum  is  at 
tii'st  dark  black-red,  later  of  a brown  color  ; in  its  farther  progress  it  become:) 
paler,  always  first  in  the  centre,  until  after  a few  weeks  or  months  it.  assumes 
a color  similar  to  that  of  the  vessel.  In  the  course  of  the  following  weeks, 
in  the  thicker  coagulation  of  the  following  months,  it  always  shrinks  more, 
so  that  the  vessel  ends  in  a conical  form,  and  blind,  in  cicatricial  tissue. 

1 lie  views  held  concerning  the  mode  of  organization  of  thrombus  are  still 
di\idcd.  It  certainly  does  not  take  place  through  free  exudation  ; probably 
as  little  through  the  colorless  blood-corpuscles  included  in  it  ; perhaps,  at 
least  m part,  through  the  colorless  corpuscles  of  the  circulating  blood,  since 
t icse  pass  into  the  thrombus  from  the  vnua  vasomm,  or  through  the  cells 
ormed  outside  of  the  vessel,  which  cells  the  vessel  takes  up.  The  organ- 
lzation  of  thrombus  takes  place  most  probably,  however,  through  t lie  endo- 
t le  ia  of  the  vessels,  as  well  as  through  the  connective  tissue  cells  of  their 
lntima.  I hese  grow  within  a few  hours,  and  are  transformed  at  first  into 
spindle-shaped  cells,  later  into  connective  tissue  and  vessels.  After  seven 
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or  eight  days  the  thrombus,  especially  at  its  periphery,  is  penetrated  by  a 
net-work  ot  young  capillaries,  which  in  the  following  days  become  more  and 
more  numerous.  Ln  the  meanwhile  the  blood-corpuscles  are  destroyed,  and 
likewise  the  tibrin,  as  in  the  puriform  liquefaction  of  thrombus. . The  newly 
formed  vessels  ot  the  thrombus  and  of  the  intima  of  the  vessel  come  into 
communication  with  the  original  vessels,  and  with  the  newly-formed  vessels 
of  the  middle  coat  and  adventitia,  and  thus  arises  a true  circulation  through 
the  thrombus.  Later,  there  appears  also  a communication  of  the  vessels  of 
the  thrombus  with  the  channel  of  the  vessel  containing  the  thrombus.  The 
former  takes  place  earliest  at  the  constricted  end  of  ligated  vessels,  where 
the  cellular  coat  is  drawn  over  both  the  inner  coats  which  are  curled  in- 
ward, and  when  the  breach  in  the  centre  closed  by  the  ooagulum  renders 
immediately  possible  the  inward  growth  of  the  vessels  of  the  adventitia. 
Thus,  after  four  to  six  weeks,  a complete  circulation  through  the  thrombus 
is  established,  and  again  gradually  retrogrades  in  the  following  manner: 
the  vessels  again  disappear,  the' primitive  jelly-like  connective  tissue  becomes 
more  and  more  dense,  the  red  blood-corpuscles  and  fibrinous  detritus  still 
present  are  reabsorbed.  Finally,  there  remains  only  a small  connective 
tissue  plug,  poor  in  vessels,  which  finally  may  become  so  shrunken  that  it  is 
demonstrable  only  by  the  microscope. 

The  organization  of  thrombus  was  demonstrated  bv  the  older  observations  of 
IICNTEli,  Bi.andin,  Lobstein,  Sti r,i, r\o,  and  Zwicky,  by  those  more  recent  of 
Bii.ruotii,  O.  VVkuek,  Thiersch,  Waldeyer,  Bebnofk,  etc. ; os  well  from  casual 
observations  in  man,  as  in  the  course  of  experiment  on  arteries  and  veins.  That  it 
does  not  take  place  through  free  exudation  was  shown  by  Virchow.  O.  Werkr 
(Bed.  Min.  Wsch r. , 1864,  No.  2.7)  inferred  that  it  was  brought  about  by  means  of  the 
colorless  blood-corpuscles  of  the  thrombus  itself, 

Buhnoef  (Med.  Ctrlbl..  1807,  No.  48,  and  Virch.  Arch..  XLI V . p.  402),  in  a number 
of  experiments,  found  that  the  contractile  cells  which  are  formed  outside  of  the 
veins  take  up  cinnabar,  penetrate  the  wall  of  the  veins,  and  by  their  gradual  mi- 
gration finally  come  into  the  interior  of  the  vein  itself  and  reach  the  centre  of  the 
thrombus  arising  from  ligature.  From  a second  series  of  experiments,  in  which  B. 
injected  cinnabar  into  the  blood  from  twelve  to  twenty-four  hours  after  the 
establishment  of  a thrombus,  it  seemed  to  follow  that  the  cells  containing  cinnabar 
within  the  circulating  blood  penetrate  ! the  thrombus  from  the  rnxu  r.nxorum  ; the 
white  corpuscles  belonging  to  the  free  circulation  thus  appeared  to  lie  concerned 
to  a slight  degree  in  the  organization  of  the  thrombus.  From  a third  series,  in 
which  B.  injected  cinnabar  into  a thrombus  arising  from  ligature,  he  concludes, 
that  the  colorless  blood -corpuscles  of  the  thrombus  lose  their  power  of  migration, 
and  do  not  participate  in  the  cell-formation  connected  with  the  tissue  of  organiza- 
tion. B.  could  not  perceive  that  the  epithelium  of  the  veius  shared  in  the  organiza- 
tion of  thrombus. 

Thiersch,  and  Waldeyer  (Virch.  Arch..  XL.,  p.  370)  demonstrated,  independ- 
ently of  each  other,  that  the  endothelium  of  the  vessel  played  a chief  role  in  the 
organization  of  thrombus.  According  to  the  latter,  thrombus  is  organized  through 
increase  of  the  connective- tissue  cells  of  the  vessel-wall  and  of  the  endothelial  cells 
of  the  veins.  The  intima  appears  slightly  clouded,  as  if  covered  with  a fine  dust. 
Delicate  attachments  are  then  formed,  which  sometimes  are  finely  papillar,  some- 
times velvety  in  appearance.  The  formation  is  a perfectly  organized,  perfectly  soft 
granulation -tissue.  Consult  also  TsciiAUSOFF  (Arch,  f kUn.  Chir . , 1801k  XI., 
p.  184),  and  Ranviek  (Nouv.  diet  de  rnedcc.  et  de  chir.  prat.,  1870,  XIII.,  p.  675). 

Canalisation,  so-called,  of  thrombus  is  probably  only  a trabecular  or 
net-like  organization  of  it;  the  canals  traversing  the  thrombus,  which  arise 
from  partial  destruction  of  the  thrombus,  sometimes  re-establish  the  circu- 
lation through  the  obturated  vein.  Especially  frequent  is  this  event  in 
the  cases  of  recovery  of  phlegmasia  alba  dolens  in  lying-in  women. 
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The  fissures  which  exist  in  thrombus  as  permanent  passages  are  always  found  in 
the  periphery  (.0.  Barth,  Arch.  d.  Ueilk.,  1370,  XL,  p.  03). 

Calcareous  transformation  of  ft  coagulum  is  rare ; it  becomes  gradu- 
ally smaller,  firmer,  dirty  white  or  yellowish  in  color;  later,  calcareous 
suits  are  deposited  in  it.  Thus  also  are  formed  the  so-called  vein-stones. 

The  origin  of  prs,  cancer,  and  other  new  formations  in  thrombus  is 
not  yet  demonstrated,  but  from  the  facts  of  its  organization  now  known  is 
scarcely  doubtful. 

A complete  resorption  of  thrombus,  with  re-establishment  of  the  channel 
of  the  vessel,  has  not  as  yet  been  proven,  but  is  probable ; a partial  resorp- 
tion of  it  is  quite  frequent. 

The  behavior  of  the  wall  of  the  vessel  at  the  locality  of  the 
thrombus  varies.  It  rarely  happens  that  all  macroscopieal  changes  of  text- 
ure are  wanting,  unless  the  coagulum  quickly  assume  the  molecular  state 
and  the  vessel’s  channel  be  quickly  restored:  this  occurs  usually  in  venesec- 
tion. In  the  organization  of  thrombus  the  above-described  changes  in  the 
wall  of  the  vessel  takes  place.  At  other  times  textural  changes  are  found 
of  a more  chronic  nature : most  often  a thickening  and  greater  vascularity 
of  the  external  coat  anti  surrounding  connective  tissue,  in  the  veins  some- 
times also  a like  degeneration  of  the  middle  and  inner  coats,  whereby  they 
assume  a more  arterial  character.  In  puriform  liquefaction  of  thrombus, 
the  intirna  becomes  clouded,  dead  and  brittle,  and  after  removal  of  the 
coagulum  is  tom  away  in  shreds,  or  remains  firmly  attached.  Concerning 
other  changes  in  the  endocardium  and  inner  coat  especially  of  the  larger 
arteries,  vi</r  infra. 


The  causes  of  thrombosis  consist  either  in  stagflation  of  the  blood,  or  in 
changes  in  the  wall  of  the  vessel;  or  both  conditions  are  present. 

1.  STAGNATION  OF  THE  BLOOD. 

O.  CONTRACTION  OF  THE  CHANNEL  OF  A VESSEL  : THROMBOSIS  FROM  COM- 
PRESSION. Pressure  upon  vessels  causes  first  a retardation  of  the  blood- 
current  in  a part,  and  coagulation  of  the  blood.  The  coagulation  does  not, 
however,  remain  confined  to  this  part,  but  is  also  continued  into  the  peri- 
pheric vessels.  Thrombi  have  their  origin  thus : by  ligature  of  the  arter- 
ies or  veins;  by  suppuration  and  tumors  (tuberculous  and  carcinomatous 
lymph-glands),  which  press  ujmn  the  arteries  and  especially  the  veins;  by 
effusions  of  blood  from  contusions;  by  cicatricial  contractions;  by  disloca- 
tion of  bones.  All  these  conditions  are  so  much  more  effective,  if  the 
arterial  current  is  weakened.  Pressure  frequently  acts  upon  the  larger 
vessels  not  immediately,  but  rather  upon  the  capillaries  of  a pail  or  of  a 
whole  organ,  and  affects  only  the  arteries  and  veins  indirectly,  since 
the  vis-a  tergo  of  the  heart  can  no  longer  reach  the  latter.  Coagula- 
tion extends  then  from  the  capillaries  to  those  larger  veins  in  which  the 
blood-current  is  normal,  less  frequently  into  the  arteries.  Here  belong 
those  coagulations  which  have  their  origin  in  organs  organically  changed, 
m the  branches  of  the  pulmonary  vessels  in  chronic  pneumonia,  in  the 
n mil  veins  in  parenchymatous  nephritis,  in  the  portal  vein  and  hepatic 
' eins  >n  chronic  hepatitis;  in  part  also  venous  thromboses  (traumatic)  in 
wounds  of  the  external  surface. 

I>.  Section  and  laceration  of  vessels:  traumatic  thrombosis.  The 
Littei  is  the  most  important  condition  concerned  in  spontaneous  as  well 
as  in  artificial  blood-arrest.  If  the  continuity  of  a vessel  be  interrupted. 
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there  follows  either  a continuous  bleeding,  or  coagulation  of  the  blood. 
In  the  latter  case  the  arteries  retract  somewhat  and  become  con- 
stricted ; there  arises  with  or  without  ligature,  a thrombus  reaching  to  the 
nearest  collateral  branch,  which  thrombus  for  the  most  part  becomes 
organized.  If  an  artery  be  ligated,  e.r/.,  in  an  amputation-stump  or  (on 
account  of  peripheral  haemorrhage)  in  its  continuity,  the  intima  becomes 
lacerated  by  the  strong  tying  of  the  ligature,  and  is  drawn  into  tine,  longi- 
tudinal folds  which  are  visible  for  months,  while  the  middle  coat  and 
adventitia  are  constricted  and  thereby  become  plaited.  The  folds  of  the  mid- 
dle coat,  and  especially  those  of  the  intima,  contribute  very  materially  to  the 
adhesion  of  the  thrombus.  The  veins,  e.g.f  in  an  amputation,  become  dis- 
connected from  the  heart,  tints  being  deprived  as  far  as  the  nearest  collateral 
branch  upward  of  the  via-a-tergo , which  drives  the  blood  forward.  The 
latter  either  settles  backward  to  the  wounded  surface,  because  the  veins 
are  easily  compressed  by  the  surrounding  structure;  or  it  coagulates,  as 
always  happens,  at  least  to  a certain  extent.  Moreover,  the  backward  flow 
is  regulated  by  the  position  of  the  valves.  In  veins  which  are  without 
valves,  and  which  from  physiological  or  pathological  causes  are  open 
(venous  plexus  of  the  bladder,  rectum,  veins  of  the  pregnant  uterus,  cranial 
sinuses,  cervical  veins,  veins  of  bones),  thrombosis  acquires  a much  greater 
extent  than  in  veins  which  possess  valves.  In  the  latter,  the  valves  exert 
a very  important  influence  on  the  extension,  etc.,  of  thrombosis. 

After  every  VENESECTION  there  results  a subcutaneous  effusion  of  blood  and  a 
coagulum,  which  extends  from  the  wound  in  the  skin  into  that  of  the  vein.  This 
coagulum  is  sometimes  formed  already  during  the  venesection  (in  small  wounds  of 
the  veins,  in  shifting  of  the  position  of  the  skin).  The  part  of  the  coagulum  which 
protrudes  into  the  vein  becomes  gradually  smaller,  denser,  and  paler,  becomes  organ- 
ized, and  closes  the  wound.  Sometimes,  however,  from,  e. g. , bad  dressings,  rest- 
lessness, etc.,  new  coagula  are  deposited  on  that  part  of  the  coagulum  which 
protrudes  into  the  vein ; thus,  as  at  first,  giving  rise  to  a permanent  coagulum, 
which  under  certain  circumstances  is  partial,  or  wholly  obstructs  the  vessel. 

In  AMPUTATIONS  of  the  extremities  the  blood  found  in  the  lowest  part  of  the 
veins  below  the  first  valve  above  flows  out.  The  vein  itself  usually  collapses,  partly 
because  its  conteuts  have  escaped,  partly  because  in  veins  with  very  muscular  walls 
(veins  of  the  skin),  a true  contraction  of  the  latter  takes  place  : the  channel  then  is 
very  small  or  altogether  disappears,  the  intima  is  folded  longitudinally,  the  whole 
wall  of  the  vein  is  thick.  In  like  manner,  the  blood  nearest  to  the  surface  of  the 
wound  usually  escapes,  if  the  channel  remains  open,  as  in  the  veins  of  bones,  in 
indurated  hypertrophy  of  the  external  coat  of  veins  in  soft  parts.  Through  inflam- 
m at  ion  affecting  the  surface  of  the  wound,  in  which  the  veins  also  take  part, 
the  channel  of  the  veins  becomes  narrowed  still  farther ; the  resulting  granu- 
lations heal  into  a cicatrix  and  then  permanently  close  the  wound  of  the  veins. 
Sometimes  a small  thrombus  is  formed,  if  between  the  wound  and  nearest 
valves  above  there  open  into  the  veins  one  or  more  smaller  branches,  from 
which  a little  blood  flows  into  their  lowest  extremity.  At  other  times  coagula 
are  formed  of  groat  thickness  and  length.  These  depend  upon  the  relation  of 
the  collateral  branches  which  open  into  the  vein  above  the  lowest  valves.  If  the 
larger  collateral  braneh  open  close  above  the  valve,  the  blood  of  the  cut  vein 
usually  remains  in  the  circulation.  But  if  such  a branch  is  wanting,  or  is  too  small, 
or  its  other  extremity  is  also  cut  across,  then  the  vis-u-tevgo  does  not  affect  the  blood 
above  the  lowest  valve,  and  the  blood  coagulates  usually  with  a rapidity  proportion- 
ate with  its  nearness  to  the  wounded  surface.  Besides  this  natural  condition,  there 
are  yet  others  which  promote  coagulation : unfavorable  position  of  the  member, 
misapplied  dressings,  weakness  of  the  heart’s  impulse,  blood  strongly  disposed  to 
coagulation ; ligature  of  the  cut  vein  (whereby  more  or  less  of  the  blood  in  the  vein 
to  the  first  valve  above  escapes  at  the  moment  of  amputation,  but  also  usually  new 
Blood  pours  into  the  extremity  of  the  vein  through  small  collateral  branches  opening 
into  it).  If  now  a coagulum  is  formed  of  more  considerable  volume,  its  central  end 
usually  reaches  to  the  point  where  a larger  collateral  branch  opens  into  the  vein. 
To  this  free  end  new  coagula  are  added  from  the  blood  of  the  collateral  branch, 


CAl'SES  OF  THROMBOSIS. 


195 


whereby  the  latter  even,  and  from  thin  again  the  next  nearest  vein,  may  become 
obstructed. 

After  parturition  the  uterus  presents  a large  wounded  surface  (Crcveilhier 
in  opposition  to  W.  Hunter,  and  others,  according  to  whom  a part  of  the  decidua 
remains  behind).  Not  infrequently,  after  artificial  births,  especially  after  artificial 
delivery  of  the  placenta,  the  thick  uterine  mucous  membrane  in  its  superficial  as 
well  as  its  deep  layer,  is  torn  off.  laying  bare  the  muscular  layer.  Besides,  wounds 
are  frequent  in  the  vaginal  mucous  membrane,  in  the  external  os  and  within  the 
cervix.  In  all  these  wounded  parts  vessels  of  various  calibre  are  also  lacerated.  As 
soon  after  parturition  as  strong  contractions  of  the  uterus  appear,  the  uterine  ves- 
sels also  become  mechanically  compressed,  and  the  blood  in  them  is  for  the  most 
part  driven  ont.  But  a part  of  the  blood  always  remains  behind  in  the  vessels, 
because  the  contractions  are  never  so  strong  that  the  channel  of  the  vessels  is  com- 
pletely closed,  and,  too,  because  the  uterine  veins  are  without  valves  and  the  blood 
flowing  off  is  replaced  by  new  blood.  Finally,  fine  coagula  probably  always  grow 
from  the  coaguium  found  in  the  uterine  cavity  into  the  uterine  vessels  which  open 
into  it. 

c.  Dilatation  of  the  vessels  ani>  heart:  dilatation-thrombosis. 
With  equal  quantities  of  liquid  tin;  current  is  slower  directly  as  the  size  of 
the  channel;  in  pouched  dilatations  of  the  vessel  there  are,  besides,  border- 
ing strata  in  a state  of  rest.  Since  the  central  part  of  a stream  is  nor- 
mally the  swifter,  and  the  peripheral  the  slower,  coagula  are  mostly  from 
the  beginning  attached  to  the  wall.  They  remain  either  as  such  and  soften, 
or  become  organized,  etc.  ; or,  the  coaguium  bordering  the  vessel-walls 
gradually  forms  a complete  obstruction  to  the  current.  Coagula  more 
rarely  from  the  beginning  obstruct  the  vessel  completely:  thus  in  generally 
dilated  veins,  t.ff.,  those  of  the  broad  ligaments  of  the  uterus.  Analogous 
to  this  thrombosis  of  the  veins  is  the  formation  of  coagula  in  aneurismal 
arteries,  the  formation  of  globular  vegetations  in  the  heart,  where  its  walls 
nearest  to  the  endocardium  or  throughout  the  whole  extent  of  their  thick- 
ness have  undergone  fatty  degeneration  or  induration. 

Here  WALDETEU  classes  those  cases,  in  which,  after  wounds  or  operations,  gan- 
grene of  the  part  quickly  follows  inflammatory  congestion,  and  the  vessels,  especially 
the  veins,  after  the  loss  of  their  contractility  and  elasticity  are  speedily  transformed 
into  a soft,  pliable,  pulpy  tissue, 

d.  M arasmic,  atrophic  THROMBOSIS  exists,  when  during  a reduction  of  the 
fo  rce  of  the  heart,  of  the  walls  of  the  vessels,  of  the  respiratory  muscles  and 
ot  the  muscles  external  to  and  in  the  vicinity  of  the  veins,  coagula  are 
formed  in  the  larger  veins,  especially  in  tin-  crural  and  iliac,  in  the  muscu- 
lar branches  (those  of  the  glutei  and  of  the  lower  extremities),  in  the 
venous  plexus  of  the  pelvis,  in  the  cranial  sinuses,  etc.  The  ease  with 
which  this  takes  place  is  proportionate  to  the  quietude  of  the  person 
affected.  The  first  beginnings  of  coagulation  occur  in  the  angle  behind 
the  valves.  This  thrombosis  is  often  found  in  those  who  are  in  a state  of 
low  nutrition  after  severe  operations,  for  whom  a long  period  of  quiet 
lying  down,  is  necessary ; it  is  a frequent  sequela  of  disease,  of  severe 
febrile  diseases,  especially  of  typhoid  fever ; it  is  a common  complication 
ot  chronic  tuberculosis,  of  chronic  affections  of  the  joints  and  bones,  of 
severe  affections  of  the  muschs?,  of  trichinosis. 

2.  CHANGES  AFFECTING  THE  WALLS  OF  THE  VESSELS. 

a.  Roughness  or  THE  internal  coat  of  the  vessels,  dependent  upon 
their  degeneration  (fatty  metamorphosis,  etc.),  or  upon  infiltration  of  pus 
uito  them,  or  new-formatious  (granulation-cells,  as  in  organization  of 


CAUSES  OF  THROMBOSIS. 


190 

thrombus  — Vide  p.  l!)2),  wliieh  conditions  cause  at  first  a thrombosis 
lining  the  vessels,  then  not  infrequently  one  of  a general  character.  These 
conditions  are  found  in  inflammations  of  the  coat  of  the  veins,  especially 
in  abscesses  of  them,  or  of  the  structures  surrounding  them,  in  new- 
formations,  especially  cancer,  which  perforate  the  veins,  in  chronic  endart- 
eritis, and  in  endocarditis. 

In  experiments  with  respect  to  the  relations  existing  between  the  intima  and  the 
blood  in  closed  venous  pouches,  Durante  ( Oeetr . Jafvrb.,  1871,  p.  82 1 ) found  that 
the  blood  remained  liquid  so  long  as  no  inflammatory  changes  had  taken  place 
through  the  mechanical  irritation  of  the  needles  used,  and  that  coagulation  of  the 
blood  went  hand  in  hand  with  changes  of  the  endothelium.  D.  therefore  assumed, 
that  the  fluidity  of  the  blood  shut  up  in  a vessel  is  dependent  upon  the  normal  func- 
tions of  the  vessel’s  walls. 

PuiiKBlTis  in  its  various  forms  is  a chief  cause  of  thrombosis  in  severe  wounds  of 
every  kind,  frequently  with  purulent  or  ichorous  liquefaction  of  the  thrombus  and 
consecutive  pyemia.  Enoouauiutis  chiefly  affects  the  valves,  especially  the  auricu- 
lo-ventricular  valves.  Unevennesses  arise  on  the  surfaces;  at  first  loosening  or  hyper- 
trophy of  the  endothelium,  then  thickening  and  granulations  of  the  surfaces;  finally, 
chalky  and  fatty  metamorphosis  of  the  whole  valve.  All  these  inequalities  become 
the  causes  of  numerous  deposits  from  the  blood,  which  in  form  of  warts,  condylo- 
niata,  etc.,  attach  themselves  to  the  valves  and  firmly  adhere  to  them  (vegetations, 
excrescences,  etc  ).  Chronic  ENDARTERITIS,  which  occurs  in  arteries  of  every 
calibre,  causes  by  fatty  degeneration  of  the  endothelium  and  of  the  normal  or  hyper- 
trophied innermost  layer,  or  by  calcification  or  ossification,  or  softening  of  the  latter, 
sometimes  only  superficial  uuevenness,  sometimes  deeper  losses  of  substance,  which 
give  occasion  to  coagulations,  so  much  the  more,  if  the  middle  coat  simultaneously 
degenerate,  with  loss  of  its  elasticity  and  contractility,  and  the  vessel  is  uniformly 
or  irregularly  dilated. 

b.  Foreign  bodies  in  a similar  manner  give  rise  to  coagulation  in  the 
vessels.  For  example,  needles,  grains  of  shot,  splinters  of  bone;  or 
thread,  which,  often  for  the  sake  of  experiment,  is  drawn  through  the 
vessel.  Coagulation  occurs  first  in  the  immediate  neighborhood  of  the 
foreign  body.  Blood-coagula  themselves,  thrombi  as  well  as  emboli,  act  in 
the  same  manner  as  foreign  bodies. 

In  this  also  is  included  h.emoriuiagic  thrombosis;  in  bleedings  coagula- 
tion of  the  extravasated  blood  usually  continues  through  the  injury  into 
the  vessel.  ( Vide  p.  194.) 

c.  Chemical  substances  cause  coagulation  of  the  blood,  when  they 
either  effect  changes  in  the  blood  and  wall  of  the  vessel  at  the  same  time 
(caustics),  or  when  they  through  the  latter,  without  materially  changing  it, 
coagulate  its  contents,  in  the  latter,  according  to  others  (vide  I’y.emia), 
the  ichor  of  mortification,  and  bad  pus  perhaps  also  act  in  a mechanical 
manner,  giving  rise  then  for  the  most  part  to  an  ichorous  softening  of  the 
thrombus. 

Not,  infrequently  thrombosis  has  its  origin  in  many  causes  at  tlie  same 
time,  in  arrest  of  the  blood,  and  changes  of  the  walls  of  the  heart  and  ves- 
sels, often  without  the  first  or  most  important  cause  bei  ng  recognized  in  the 
living,  or  in  the  body  after  death. 

Coagula  OCCURRING  in  normal  vessels  continue  their  growth  in  a 
vessel,  their  origin  being  either  in  a branch,  or  in  the  vessel  itself.  In  the 
first  case,  the  point  of  the  coagulum  acts  as  a foreign  body,  and  coagulation 
may  thus  extend,  from  the  veins  of  the  lower  part  of  the  thigh  into  the 
vena  cava,  and  even  to  the  heart.  The  blood  thereby  coagulates  mostly 
also  in  those  veins  which  end  near  that  first  occupied  by  the  thrombus,  as 
well  as  sometimes  in  veins  of  the  same  name  in  the  other  half  of  the 
body,  if  the  coagulation  once  extends  to  the  vena  cava,  and  into  all  its 
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branches.  The  branches  of  a vein  become  much  more  easily  obstructed 
after  its  thrombosis. 

Or,  the  coagula  occurring  in  normal  vessels  are  secondary.  Here  belong 
the  coagula  in  veins  the  capillaries  of  which  lie  in  organs  infiltrated  with 
pus  or  cancerous  matter  ; the  coagula  in  arteries,  the  periphery  of  which  is 
obstructed  by  gangrene  or  intense  suppuration. 

Finally,  obstructions  which  appear  in  arteries  after  embolism  are  con- 
tinued through  the  capillaries  into  the  veins,  and  venous  thrombi  may 
become  the  cause  of  new  emboli. 

Thrombosis  of  the  capillaries  has  an  importance  only  with  respect  to 
its  influence  upon  the  healing  of  wounds,  and  chiefly  through  its  continu- 
ance into  the  arteries,  ami  especially  into  the  veins. 

Thrombosis  of  the  lymphatics  is  less  frequent  than  that  of  the  veins, 
and  hits  been  observed  only  in  isolated  localities. 

The  coagulability  of  normal  lymph  is  very  small,  in  spite  of  its  contained  fibrin, 
and  therefore  shows  little  disposition  to  thrombosis.  Under  pathological  conditions, 
however,  normal  lymph  is  supplanted  by  another  liquid,  which  is  either  a trans- 
formed fibrinogenous  substance,  or  in  part  a special  fibrino-plustic  material  exciting 
coagulation.  (A.  Schmidt.) 

A lymphatic  thrombosis  is  found  in  many  severe  puerperal  fevers.  The  uterine 
lymphatics,  often  over  a large  extent  and  far  beyond  the  uterus,  are  uniformly 
dilated  or  knotted,  and  filled  with  solid  or  fluid,  yellowish,  often  purifom  in:v~ses. 
Large  pouches  are  oftenest  found  in  the  li<j.  latum,  especially  in  the  ula  te*pcrtHUmi» 
near  the  insertion  of  the  tubes,  also  deeply  near  the  lateral  borders  of  the  uterus, 
even  to  the  attachments  of  the  broad  ligaments,  and  at  the  other  extremity  near  the 
r>n in  tpermatim  int-  run,  reaching  as  far  as  the  lumbar  glands  ; they  are  found  also 
in  the  wall  of  the  uterus,  especially  of  the  cervix ; also  in  the  ovaries,  which  from 
their  hilus  are  sometimes  closely  interwoven  with  such  obstructed  and  dilated  lym- 
phatics (Vircikiw,  .1  rch, , XXIII..  p.  415). 

Consult  also  the  observations  of  Biksiadkzki  (l.  c.)  and  of  the  author  ( .1  rch . <1. 
J It  ilk. , 1870,  XI.,  p.  51).  ( 1 «/.  Pv.F.MiA.) 

Consequences  and  symptoms  of  thrombosis. 

These  in  general  consist  in  narrowing  or  complete  closing  of  the  ob- 
structed canal.  They  are  distinguished  from  the  symptoms  of  embolism  by 
their  comparatively  slow  appearance.  They  change  not  only  with  the  size 
and  metamorphoses  of  the  thrombus,  with  its  relations  to  the  wall  of  the 
vessel,  with  the  kind  of  channel  affected  (heart,  artery,  vein,  lymphatic), 
but  they  also  show  other  and  manifold  differences,  which  allow  no  farther 
general  consideration. 

The  consequences  and  symptoms  of  thrombosis  of  thf.  veins  depend 
upon  the  size  of  the  veins,  upon  their  depth  (subcutaneous  or  deep  veins, 
etc.),  upon  the  thickness  and  length  of  the  thrombus,  the  rapidity  of  its 
formation,  its  metamorphoses,  u|wm  the  duration  of  the  thrombosis,  upon 
the  possibility  of  the  formation  of  a collateral  circulation,  etc. 

Thrombosis  of  the  veins  runs  it  course  without  symptoms,  if  the  obstruc- 
tion is  incomplete,  or  if  it  affects  a communicating  branch  and  there  are 
sufficient  collateral  branches.  Thus  in  the  deep  veins  of  the  extremities, 
in  the  uterine  plexus,  vesical  plexus,  etc.,  where  there  exist  numerous 
communicating  branches.  The  smaller  veins  usually  remain  free,  and  thus 
the  superficial  vessels  appearing  distended,  supplying  the  collateral  circula- 
tion. 

If  thrombosis  affect  the  small  veins,  and  the  collateral  communication  be  imper- 
fect. without  complete  stasis  affecting  a large  territory,  then  the  reaction  is  confined 
to  the  wall  of  the  vessels  immediately  affected,  whose  vessels  of  supply  are  ob- 
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Btrueted:  there^  arise  a Blight  inflammatory  swelling  with  moderate  redness,  slight 
pain,  and  watery  infiltration  of  cellular  planes;  sometimes  also  a stronger  irritation 
with  limited  suppuration.  This  is  most  often  seen  in  hsemorrhoidal  tumors — liamior- 
rhoidal  sweat  and  excretions,  itching  at  the  anus,  abscesses  in  the  surrounding  tis- 
' sues,  phlegmons  in  varices  (O.  Weber). 

According  to  Friedi.anoer  (Phys.-anat.  Unters.  ub.  d.  Uterus , 1870)  the  pla- 
cental portion  of  the  uterine  sinuses  is  in  great  part  obstructed  at  the,  eighth  month 
of  pregnancy,  and,  from  the  accumulation  within  them  of  large  multinuclear  cells, 
there  results  coagulation  of  the  blood  and  organization  of  the  coagulum.  The  pro- 
cess of  shrinking  of  the  latter  goes  on  so  slowly,  that  the  thrombi  retain  their 
relative  size  for  almost  a half-year  after  child-birth,  and  on  the  cut  surface  of  the 
Uterus  appear  as  gelatinous,  transparent  bodies. 

But  if  large  venous  trunks,  as  the  crural  or  iliac,  are  obstructed,  the 
thrombi  fixed,  and  the  collateral  circulation  insufficient,  then  there  appear 
symptoms  of  B],OOi>-8TA8is,  chiefly  cepema.  This  oedema  is  usually  uni- 
lateral, and  generally  in  those  sick  with  dropsy,  oedema  of  the  extremities 
with  venous  thrombosis  is  for  the  most  part  more  marked.  (Edemas  are 
usually  painless ; painful  in  the  highest  degreee  when  the  obstructed  and 
somewhat  dilated  veins  lie  near  nerves,  as,  e.g.,  the  crural  close  to  Poupart’s 
ligament:  hence  the  name  phlegtnasia  alba  dolens  for  the  oedema,  for  the 
most  part  painful,  resulting  from  obstruction  of  veins  in  lying-in  women 
Serous  effusions  occur  in  the  region  of  the  capillaries  and  venous  radicles : 
hence  they  first  appear  in  distant  parts,  e.g. , in  the  ankles  and  lower  parts 
of  the  thigh  in  obstruction  of  the  crural  vein.  (Edema  is  wanting 
or  disappears,  if  the  thrombus  merely  lines  the  vessel,  if  there  exists  a 
sufficient  collateral  circulation,  as  well  as  in  secondary  canalisation  of 
thrombi  forming  complete  obstructions.  Haemorrhages  occur  in  venous 
obstructions  only,  when  almost  all  the  lateral  channels  are  obstructed,  and 
when  thrombosis  follows  very  quickly.  Gangrene  appears  only  when 
from  other  causes,  e.g.,  in  puerperal  fever,  erysipelas  is  added.  It  is  not  a 
direct  consequence  of  venous  obstruction.  Elevated  temperature,  “ a-derna 
calidum ,”  is  observed  only  in  robust  individuals,  as  in  most  puerperal 
women,  not  in  the  marasrnic.  Dilatation  of  collateral  veins  almost  never 
happens:  in  thrombosis  of  the  crural  the  collateral  circulation  is  probably 
provided  for  by  the  sacral  and  lumbar  veins.  Very  rarely  is  the  obstructed 
vein,  even  the  crural,  distinctly  known  by  the  touch.  Only  obstructed 
cutaneous  veins,  e.g.  the  saphena,  can  usually  be  distinctly  telt.  If  throm- 
bosis exists  for  a long  time,  there  results  a thickening  of  the  skin  and  con- 
nective tissue,  even  of  the  periosteum  and  bones  (elephantiasis  of  external 
parts). 

Consult  Bhaone,  Die  Obersohenkeloene  des  Menschen,  1871. 

The  symptoms  of  thrombosis  of  the  veins  of  internal  organs,  even  when 
very  extended,  and  the  veins  belong  to  organs  essential  to  life  (e.g.,  cranial 
sinuses,  venal  veins,  vena  port*)  are  rarely  so  clearly  defined,  that  it 
becomes  possible  to  frame  a safe  diagnosis.  Besides  the  already  known 
consequences  of  passive  hyperasmia  (oedema,  dropsy  of  cavities,  etc.),  there 
are  causes  especially  to  be  taken  into  consideration  (caries,  marasmus,  etc., 
in  thrombosis  of  the  cranial  sinuses;  puerperal  inflammation  of  the  uterus, 
in  thrombosis  of  the  uterine  veins;  cancer  of  the  liver,  severe  local  affec- 
tions of  the  intestines,  inflamed  hsemorrhoidal  tumors,  inflammation  of  this 
umbilical  veins  of  the  new-born,  etc.,  in  thrombosis  of  the  vena  port*; 
older  inflammations  with  the  formation  of  cicatrices  in  thrombosis  of  the 
renal  veins,  vena  port®,  etc.).  Further,  dilatation  ot  collateral  channels, 
e.g.,  in  thrombosis  of  the  cranial  sinuses,  that  ot  emergent  \eins,  of  the 
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frontal,  ophthalmic  vein,  etc.,  in  that  of  the  vena  portae,  that  of  subcu- 
taneous abdominal  veins,  is  important.  Finally,  the  appearance  of  the 
phenomena  of  embolism  draws  attention  to  its  source,  thrombosis. 

Consult,  on  thrombosis  of  the  sinuses,  the  more  recent  works  of  HEUBNER  (Arrh. 
d.  Heilk. , 18(18.  IX.,  p.  417),  and  Wbeden  (PeUrsb.  Med.  Ztsc/ir, 18t>9,  8.  et  9.  H.). 

All  the  symptoms  and  consequences  of  thrombosis  disappear  after  weeks 
or  months,  if  the  thrombus  is  reabsorbed  or  is  sufficiently  canalized,  or  if 
there  is  an  abundant  formation  of  collateral  channels. 

The  most  important  consequence  of  thrombosis  of  the  arteries  is 
an.kmia  of  the  part  (vide  p.  105).  But  this  usually  escapes  observation  in 
coagula  of  local  origin,  because  then  coagula  are  usually  of  gradual  forma- 
tion. Gangrene  of  the  part  appears  later,  when  the  thrombosis  is  of  quick 
origin,  without  its  appearance  being  accompanied  by  the  establishment  of  a 
sufficient  collateral  circulation. 

Arterial  thrombosis  also  in  many  cases  is  innoxious  through  the  introduction  of  a 
collateral  circulation.  Tieiikmann,  in  the  course  of' a year,  ligated  one  large  artery 
after  another,  without  causing  death.  O.  Weber  had  a dog.  in  which  he  had. 
within  two  months,  ligated  both  carotids  and  both  femorals,  and  which  was  entirely 
well. 

The  special  symptoms  of  arterial  thrombosis  remarkably  resemble  those 
of  high  grades  of  chronic  arteritis  and  of  growing  aneurisms,  and  are  dis- 
tinguished from  those  of  arterial  embolism  by  the  slowness  of  their  ap- 
pearance. 

Thrombosis  of  the  different  cavities  of  the  heart,  especially  of  those 
of  the  right  side,  is  sometimes  altogether  wanting  in  symptoms,  as  in  most 
so-called  globular  vegetations,  but  sometimes  furnishes  auscultatory  signs 
(thrombosis  of  the  auricles,  etc.).  The  antecedent  condition  of  the  heart 
especially  (dilatation  from  fatty  metamorphosis  or  old  myocarditis,  endo- 
carditis), peculiar  murmurs,  as  well  as  the  appearance  of  embolic  symptoms, 
are  to  be  considered  in  the  diagnosis. 

Thrombosis  of  the  lymphatics  is  attended  by  no  marked  symptoms 
(vide  Dropsy). 

Thrombosis  of  the  veins  as  well  as  of  the  lymphatics  can  exert  a bene- 
ficial influence  on  the  organism,  when,  e.ff.,  they  affect  vessels  whose  roots 
lie  in  a collection  of  pus  or  ichor,  since  then  the  thrombosis  bv  preventing 
resorption,  imprisons,  as  it  were,  the  injurious  substances,  and  so  the 
spread  of  infection  to  distant  parts,  especially  the  blood,  is  prevented. 


B.  EMBOLISM. 

Thrombi,  non-organ ized,  gradually  become  softer  and  more  rotten.  In 
thrombi  lining  the  walls  of  the  vessels  and  partially  obstructing  them,  the 
blood-stream  may  tear  off  and  carry  away  pieces  of  them,  or  remove  and 
transport  them  in  toto.  The  same  can  happen  to  thrombi  which  wholly 
obstruct  a vessel  and  are  progressive  in  growth,  if  they  project  beyond 
the  mouth  of  the  vessel  in  which  they  were  formed:  the  blood-stream 
which  comes  in  contact  with  them,  with  the  points  of  t lie  coagula,  tears 
them,  or  pieces  of  them  away,  and  carries  them  further  on.  In  both  cases, 
the  pieces  torn  away  are  driven  into  the  next  narrower  parts  of  the  vessels. 
Sometimes  large  cylindrical  pieces  are  removed  (there  are  emboli  of  some 
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inches  in  length  and  as  thick  as  the  finger),  sometimes  the  emboli  are 
smaller,  even  visible  only  with  the  microscope. 

That  the  coagula  met  with  in  other  parts  of  the  body  are  embolic  and 
not  original,  is  proven  by  many  observations  in  the  dead  body  and  bv  ex- 
periment. One  can  often,  by  the  form,  color,  and  stratification  of  the 
impacted  piece,  be  convinced,  that  it  was  torn  from  the  coagulum  of 
another  locality.  Numerous  experiments  demonstrate  that  the  blood- 
stream is  able  to  carry  such  coagula  away  with  it,  and  even  heavier  bodies, 
as  caoutchouc,  pieces  of  muscle,  quicksilver. 

The  PLACE  OF  SUCH  separations  from  thrombi  is  most  frequently  the 
venous  channel,  especially  the  crural  vein,  in  which  plugs  are  continuous 
out  of  its  muscular  branches;  besides,  there  are  the  hypogastric,  iliac, 
renal,  jugular  veins,  the  cranial  sinuses,  the  right  side  of  the  heart,  rarely 
other  veins.  In  the  arterial  current  the  formation  and  separation  of 
coagula  take  place  especially  in  the  aorta  and  its  main  branches,  rarely  in 
the  pulmonary  veins;  in  the  left  side  of  the  heart  on  the  mitral  valve,  less 
frequently  on  the  aortic  valves. 

The  constitution  or  nature  of  emboli  : they  consist  of— 

1.  Blood-uoagula,  most  frequently  by  far,  which  as  autochthonous  or 
continued  thrombi  have  so  far  changed  their  consistency  that  it  is  possible 
for  the  blood-current  to  tear  pieces  from  them,  and  carry  them  away  into 
the  vessels.  They  sometimes  as  a whole  play  the  part  of  emboli:  e.g.,  as 
vein-stones.  (The  general  consideration  of  the  process  of  embolism 
is  based  upon  the  former  origin.) 

2.  Substances,  which  originally  stood  in  organic  relation  with  the  walls 
of  bloodvessels.  When  this  connection  ceases  to  exist,  the  substances 
are  carried  farther  on  by  the  blood-stream,  and  act  like  ordinary  emboli. 
Examples  of  these  are  found  in  fragments  from  the  chalky,  bony  or  athero- 
matous valves  of  the  heart,  and  from  the  degenerated  hypertrophic  inner 
coat  of  the  arteries. 

3.  Substances,  which  from  the  beginning  are  formed  on  the  inner  surface 
of  the  heart  ami  vessels:  e.g.,  inflammatory  products  of  the  cardiac 
valves  (“  endocarditis  ulcerosa  ”),  carcinoma  of  the  endocardium,  veins, 
great  lymphatics. 

4.  Substances,  which  have  their  origin  outside  of  the  circulatory  system, 
but  by  their  growth  perforate  the  walls  of  the  vessels,  finally  reach  the 
vessels’  interior  and  there  become  free:  carcinoma  and  abscesses,  more 
rarely  enchondroma  and  sarcoma  of  the  heart  and  veins. 

Here  Bottciieu’s  cose  partly  belongs : in  metastatic  renal  abscesses  elastic  fibres 
were  found  which  had  been  transported  from  pulmonary  abscesses.  ( Vide  Secondary 
N e w-f  or  mations. ) 

5.  Parasitic  plants  and  animals,  which,  by  their  increase  (bacteria, 
echinococcus,  etc.)  or  wanderings,  find  their  way  into  the  vessels  (embryos 
of  tape-worms,  distomum  hasmatobium , trichina  spiraHs). 

G.  Corpuscular  substances,  which  find  their  way  into  the  vascular 
system  : liquid  fat,  air  in  the  blood,  and  pigment-molecules  in  melanae- 
mia.  Fat  is  absorbed  in  fracture  of  normal  bones,  lacerated  adipose  tissue, 
etc.,  and  is  not  infrequently  found  in  the  veins,  whence  it  passes  into  the 
general  mass  of  blood,  and  especially  into  the  lungs.  Air  enters  the  circu- 
lation through  wounds  of  the  veins,  sometimes  also  in  a manner  unknown. 
Pigment-molecules  in  melamemia  arc  probably  always  taken  up  by  the 
veins  from  the  spleen. 
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7.  A number  of  substances,  which  do  not  enter  the  circulation  except  in 
solution,  and  are  deposited  in  definite  localities  : metastases.  Here  belong  : 

a.  Normal  substances  of  the  organism,  which  on  account  of  lessened 
excretion  through  the  veins  and  lymphatics,  accumulate  in  the  general  cir- 
culation and  are  deposited  in  various  parts  of  the  body:  especially  the 
coloring  matter  of  the  bile. 

b.  Normal  substances  of  the  body,  which  in  various  diseases  are  not 
normally  transformed  or  excreted,  or  which  are  formed  in  increased  quan- 
tity: thus,  uric  acid  anil  its  stilts  which  are  deposited  within  and  around 
the  joints  in  gout. 

c.  Substances,  which  accumulate  in  the  blood  in  too  great  quantity  and 
are  not  normally  transformed  or  excreted:  thus  lime-salts  which,  in  osteo- 
malacia, extensive  caries  of  the  bones,  inflammation  of  the  bones,  are 
deposited  in  the  kidneys,  lungs,  stomach,  etc.  (“chalky  metastases”). 

d.  Many  medicaments,  as  silver-salts,  which  are  deposited  in  the  skin 
and  renal  tissues,  and  salts  of  lead,  in  the  gums. 

CAUSES  OF  EMBOLISM. 

The  predisposing  causes  are  given  above. 

The  exciting  causes  are,  during  the  existence  of  ordinary  thrombi,  in 
particular,  sudden  movements,  quick  rising  out  of  bed,  sudden  changes  of 
position,  straining  at  stool,  coughing,  friction  or  pressure  on  thrombosed 
vessels.  For  the  remaining  emboli,  not  consisting  of  blood,  for  the  most 
part  no  exciting  causes  are  necessary. 

The  localities  into  which  emboli  are  forced  are:  with  resjiect  to  the 
emboli  formed  in  venous  blood,  as  in  the  veins  of  the  great  circulation  and 
in  the  right  side  of  the  heart : in  the  pulmonary  arteries  and  their  branches 
(emboli  very  rarely  remain  fixed  in  the  heart  itself)  ; — with  respect  to  tho 
plugs  having  their  origin  in  the  arterial  blood,  as  in  the  pulmonary  veins, 
in  the  left  side  of  the  heart,  in  the  arteries : the  arteries  of  the  body  ; — with 
respect  to  the  coagula  formed  in  roots  of  vena  porta.* : the  hepatic  branches 
of  the  portal  vein. 

1 he  DIRECTION  OF  emboli  of  large  size  is  a tolerably  constant  one.  They 
usually  tend  toward  the  jiosterior  and  lower  parts  of  an  organ,  in  obedience 
to  the  law  of  gravitation.  They  take  the  direction  of  the  main  current,  and 
pass  into  the  lateral  branches  only  when  the  force  of  the  current  in  the 
main  vessel  is  very  small,  or  the  vessel  is  already  obstructed  by  emboli,  etc. 
From  only  exceptional  and  unknown  causes  do  they  enter  branches  perpen- 
dicular to  the  main  vessel,  r.g.  into  the  codiac  axis,  the  coronary  arteries  of 
the  heart,  the  bronchial  arteries. 

Emboli  from  the  left  side  of  the  heart  usually  pass  into  the  thoracic  aorta, 
and  from  here  most  often  into  the  abdominal  aorta  and  renal  arteries,  as 
well  as  into  the  iliacs  and  their  branches;  somewhat  less  often  into  the 
carotids,  rarely  into  the  snbclavians.  Of  the  carotid,  renal,  and  iliac  ar- 
teries, those  ot  the  left  side  almost  exclusively  tire  affected  by  embolism, 
since  in  them  the  chief  current  has  a more  direct  course. 

Kmboli  trom  the  veins  pass  most  often  into  the  lower  lolx?s  of  the  lungs, 
except  when  the  latter  are  infiltrated  or  compressed,  or  when  their  larger 
Ranches  are  already  obstructed  by  emboli.  The  cause  of  the  frequent 
occurrence  of  emboli  in  the  lower  lobes  is  this,  that  the  embolus  moves 
more  slowly  than  the  blood -stream  and  adheres  to  the  walls,  thus  to  the 
lowest  part  of  the  wall  of  the  trunk  of  the  pulmonary  artery.  Emboli  occur 
most  frequently  in  one  and  the  same  branch  of  the  pulmonary  artery.  They 
at  eet  much  oftener  the  right  pulmonary  artery,  because  its  current  is 
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greater,  because  the  left  is  covered  by  the  aorta,  and  its  stream  is  thereby 
somewhat  hindered  ; finally,  because  most  sick  people  lie  on  the  left  side, 
which  therefore  somewhat  contracts  the  left,  half  of  the  thorax. 

If  a vessel  be  obstructed  by  one  or  more  emboli  of  not  too  great  size,  subsequent 
embolism  will  mostly  affect  the  same  vessel,  because  its  walls  are  separated  by  the 
first  emboli  and  become  more  than  normally  distended. 

In  rare  cases  emboli  travel  in  a direction  opposite  to  that  of  the  blood- 
stream, e.(f.  from  the  right  ventricle  or  superior  cava  into  the  hepatic  veins. 
This  is  the  case  in  those  diseases  of  the  respiratory  apparatus  where  the 
normal  negative  pressure  in  the  thorax  is  temporarily  or  permanently 
changed  into  a positive  pressure,  as  in  all  diseases  characterized  by  cough, 
in  capillary  bronchitis,  in  pleuritic  effusions,  etc. 

After  Maoendie,  Cruveiliher,  Fbertciis,  and  Coiin  had  experimentally  de- 
monstrated that  bodies  (quicksilver)  introduced  into  the  jugular  vein  could  reach 
the  hepatic  veins  by  means  of  retrograde  curkknts,  Heller  (71.  Arch,  f klin. 
Med.,  1870,  VII.,  p.  127)  showed  the  same,  by  an  experiment  with  wheat-grits  and 
by  a pathologico-anatomical  observation  in  man  (cancer  of  the  caecum  and  various 
lymph-glands  ; cancerous  embolus  in  a hepatic  vein).  I myself  saw,  attention  having 
been  drawn  to  it  by  TlIIKBSi  tt,  in  two  oases  of  thrombosis  of  the  jugular  vein  after 
surgical  operations,  hepatic  without  pulmonary  abscesses,  which  were  explained  iu 
similar  manner. 

Emboli,  from  the  beginning,  obstruct  tiie  vessel  wholly  or  only 
in  part.  The  embolus  is  usually  arrested  at  a part  where  the  vessels 
divide,  or  where  the  diameter  of  the  vessel  is  suddenly  reduced  by  giving 
off  branches.  The  larger  plugs  usually  go  to  the  point  of  division,  so 
that  they  are,  at  the  same  time,  somewhat  forced  into  both  branches. 
At  first  they  lie  loose  in  the  vessel  (which  distinguishes  them  from  autoch- 
thonous thrombi),  and  do  not  at  first  commonly  obstruct  the  vessel  com- 
pletely in  any  branch.  A little  blood  still  passes  by  them,  although  far 
less  than  before,  so  that  a stagnation  always  results  behind  the  embolus. 
New  precipitates  begin  before  and  behind  the  embolus,  so  that  it  becomes 
enoapsuled  by  fresh  coagula,  and  yet  a slight  current  still  remains.  If  the 
embolus  is  very  large  and  cylindrical  and  soft,  it  obstructs  at  first  the 
arterial  branches  completely,  the  artery  contracts  about  it,  and  behind  it  is 
entirely  emptied  of  blood;  before  the  embolus,  i.e.,  toward  the  heart,  a 
secondary  thrombus  is  formed,  as  in  the  case  of  ligature,  as  far  upward  as 
the  next  larger  lateral  branch. 

In  obstruction  of  very  small  vessels  in  the  frog,  coagulation  is  uniformly  absent ; 
sometimes  also  in  man.  because  the  influence  of  the  vessel’s  walls  to  prevent  coagula- 
tion surpasses  that  of  the  walls  to  promote  it. 


The  larger  emboli  naturally  remain  in  the  larger,  the  smaller  only  in  the 
smaller  vessels ; the  smallest,  finally,  are  usually  arrested  in  the  first  capil- 
lary net-work,  which  they  have  to  pass,  more  rarely  to  be  held  in  another : 
CAPILLARY  embolism.  These  embolisms  concern  sometimes  the  capillaries 
only  , sometimes  at  the  same  time  also  the  smallest  arteries  belonging  to  them. 
That  both  the  smallest  vessels  and  the  capillaries  may  become  embolized 
has  not  only  been  proven  by  numerous  autopsies,  but  experiments  with 
quicksilver,  carbon,  starch,  fat,  wax,  etc.,  have  also  demonstrated  the  pos- 
sibility of  this  occurrence. 
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Emboli  having  their  origin  in  the  veins,  usually  remain  fixed  in  the  variously  thick 
branches  of  the  pulmonary  arteries.  The  smallest  emboli  of  the  veins,  however,  are 
only  arrested  in  the  pulmonary  capillaries,  or  pass  the  lungs,  and  remniu  fast  in  the 
next  following  capillary  region  (liver,  spleen,  kidneys,  etc.).  How  they  pass  the 
lungs  is  explained  by  the  fact  that  in  many  places  in  the  lungs,  a direct  communica- 
tion exists  between  the  arteries  and  veins,  which  is  seen  when,  anywhere,  in  conse- 
quence of  a congestion,  the  intervening  branches  are  distended  ( vide  p.  148). 

Capillary  emboli  most  frequently  have  a primary  origin,  by  separation 
of  the  finest  particles  of  a thrombus.  Their  origin  is  less  often  secondary 
from  a non-capillary,  especially  a lining  embolus,  from  which  very  fine  parti- 
cles become  separated.  Emboli  arising  from  coagulated  blood  are  charac- 
terized by  their  external  appearance,  and  great  resistance  to  all  reagents. 

Changes  in  the  embolus  and  in  the  wall  of  the  vessel  make  their 
appearance  if  the  functional  disturbances  caused  by  the  embolism  are  not 
so  great  as  to  cause  instant  death.  In  rare  cases  emboli  are  absorbed,  and 
the  vessel  again  becomes  free.  Canalisation  of  the  embolus  is  almost  as 
rare,  leading  to  the  permeability  of  the  obstructed  part,  and  sometimes 
giving  rise  to  secondary  emboli.  Or  they  become  organized  like  thrombi 
{vide  p.  191 ),  and  so  become  altogether  or  in  part  harmless.  Emboli  may 
too  become  softened,  and  thereby  lead  to  the  formation  of  secondary  em- 
boli. Finally,  they  rarely  become  HORNY  or  CALCAREOUS.  By  means  of 
most  of  these  processes  the  channel  of  the  vessel  can,  at  least  in  part,  he 
re-established. 

Changes  affecting  the  wall  of  vessels  are,  in  the  first  place,  depend- 
ent upon  the  absence  of  the  circulation.  More  recent  experimental  inves- 
tigations show  that  bloodvessels,  by  a long  interruption  or  arrest  of  the 
circulation  in  them,  become  as  incapable  of  function  as  muscles  and  nervous 
apparatus,  when  deprived  of  blood.  At  first  the  vessels  are  dilated  ; after 
a longer  time  there  np|>ears  oedema  with  emigration  of  colorless  blood- 
corpuscles;  after  a still  longer  time  haemorrhages,  the  circulation  stops 
altogether  and  the  vessels  die.  At  first  the  veins,  then  the  capillaries, 
finally  the  arteries,  become  the  seat  of  these  disturbances. 

Cohnheim  has  experimentally  investigated  the  above- described  consequences  of 
the  exclusion  of  the  blood  from  a vascular  region,  with  respect  to  the  wall  of  the 
vessel  itself.  After  ligating  the  whole  tongue  in  a frog,  the  circulation  immediately 
ceased.  The  vessel-wall,  even  after  four  or  five  days  of  total  ligation,  showed  no 
morphological  changes.  When,  from  a few  to  twenty-four  hours  after,  the  ligature 
is  removed,  the  circulation  is  very  quickly  re-established  : the  vessels  are  immediately 
thereafter  largely  dilated,  the  blood-stream  very  quick ; but  soon  the  arteries  first 
contract,  then  the  veins,  and  after  one  to  two  hours  the  normal  condition  is  restored. 
If.  on  the  other  hand,  the  ligature  be  loosened,  not  until  after  about  forty-eight 
hours,  the  dilatation  of  the  vessels  and  velocity  of  the  stream  will  be  still  greater ; 
then  the  arteries  contract,  the  blood  (lows  more  slowly  ; but  the  veins  remain  dilated, 
and  from  them  and  from  the  capillaries  the  white  blood-corpuscles,  from  the  latter 
also  red  corpuscles,  wander  out  in  large  numbers.  If  the  ligature  be  loosened  after 
sixty  hours,  numerous  capillary  h Hemorrhages  will  be  found,  less  from  the  smallest 
veins.  After  four  or  live  days  of  ligation  the  tongue  becomes  necrotic.  Similar  results 
followed  total  ligation  of  the  ear.  testicle,  aud  kidney  in  the  rabbit.  (Similar  changes 
arise  from  arrest  of  the  venous  flow.) 

In  the  second  place,  the  changes  in  the  vessel-wall  depend  upon  the 
mechanical  or  chemical  character  of  the  embolus.  Indifferent  emboli 
ellect  no,  or  only  trifling,  changes  in  the  vessel-wall  (thickening,  sometimes 
growth  with  the  surrounding  tissues).  If,  however,  the  embolus  is  from  a 
foul  oi  gangrenous  part,  it  may  give  rise  to  a septic  or  gangrenous  inflam- 
mation of  the  vessels,  which  extends  to  a varying  distance  into  the  sur- 
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rounding  tissues.  Tf  the  embolus  1ms  rough  surfaces,  e.g.  in  separated  cal- 
careous pieces  qf  the  valves  of  the  heart,  the  inflammation  is  more  violent ; 
suppuration  is  a not  infrequent  result. 

The  changes  in  the  oiigans  whose  arteries  are  obstructed  by  embolism 
depend  upon  the  embolus  itself  (its  size,  number,  its  power  to  create  me- 
chanical or  chemical  irritation,  etc.),  the  kind  of  vessels  (functional  or 
nutritive  vessels),  the  arrangement  of  the  arteries,  the  re-establishment  of 
a collateral  circulation,  and  the  structure  of  the  organ  itself. 

More  recent  experimental  investigations  concerning  these  relations 
yield  the  following  results  : The  experiments  were  made  on  the  frog,  es- 
pecially its  tongue,  which  was  at  the  same  time  examined  microscopically, 
and  were  conducted  by  the  injection  of  an  emulsion  of  wax,  colored  black 
by  lampblack,  into  the  heart  or  aorta. 

At  first,  the  arteries  are  closed  and  a collateral  circulation  is  established 
in  the  surrounding  tissue  (vide  p.  174).  At  the  place  of  the  obstruction 
the  artery  is  usually  bulged  out,  distinctly  narrower  before  and  behind. 
The  contents  of  the  vessel  no  longer  move,  in  front  of  and  behind  the 
globules  of  wax : in  the  former  locality  as  far  as  the  lateral  branches,  in 
the  latter  for  a varying  distance.  If  the  embolus  comes  quickly,  with  the 
swiftness  of  the  blood,  to  its  locality,  there  is  before  and  behind  it  a column 
of  red  blood  with  few  colorless  blood-corpuscles;  but  if  slowly,  it  is 
driven  forward  by  successive  thrusts,  and  thus  a gradually  increasing  ob- 
struction is  formed  in  the  blood-stream,  the  vessel  both  before  and  behind 
the  obstruction  is  filled  with  plasma  and  colorless  corpuscles.  (A  coagula- 
tion of  the  blood  does  not  occur  in  the  frog.) 

The  capillaries  and  veins  supplied  by  the  obstructed  arteries,  act  differ- 
ently. Between  the  plug  and  the  capillaries  there  is  given  oft’  an  arterial 
branch,  which  communicates  with  a branch  of  another  artery  (collateral  or 
anastomotic),  thus  through  these  a sufficient  quantity  of  blood  is  supplied 
to  the  peripheral  region  once  served  by  the  obstructed  artery,  and  its 
circulation  goes  regularly  on.  The  function  of  the  closed  artery  also  is 
destroyed  above  and  below  as  far  as  the  lateral  branch.  In  like  manner 
are  the  capillaries  affected  by  embolism.  If,  on  the  other  hand,  such  an 
arterial  anastomosis  is  wanting  behind  the  obstructed  terminal  artery,  the 
blood  behind  the  obstruction  stands  absolutely  still,  as  well  in  the  arterial 
branch  affected  as  in  the  capillaries  supplied  by  it;  also  in  the  efferent 
vein  until  it  meets  with  another  vein  which  is  supplied  by  a nun-ob- 
structed artery.  After  a short  time  there  appears  in  the  streamless  vein  a 
recurrent  movement  into  the  capillaries,  and  beyond  these  into  the  artery, 
at  first  uniform,  later  rhythmical.  This  gives  to  the  part  after  a little 
time  the  appearance,  to  the  unaided  eye,  of  a dark-red,  sharply  defined 
wedge.  Still  later,  a haemorrhage  here  occurs,  and  a h.emorkhage  ixfarc- 
tijs  arises,  visible  to  the  naked  eye.*  (The  bleeding  is  explained  by  the 
changes  which  the  vessels,  especially  the  capillaries  of  the  embolized 
region,  have  experienced  through  the  interruption  of  the  regular  blood- 
supply.) 

The  above-mentioned  experimental  results  correspond  in  all  essential 
particulars  with  pathologico-anatomieal  facts. 

Four  different  effects  are  therefore  ascribed  to  emboli. 

Emboli  are  altogether  without  effects  : they  remain  fixed,  organize  and 
grow  with  the  wall  of  the  vessel ; the  parenchyma  behind  the  obstruction 
remains  normal.  This  is  the  case,  when  behind  the  embolus  a sufficient 


* Consult  Piievost  et  Cotard,  RanuMuement  cerebral. — Qaz.  Med.,  Paris,  1SGG. 
-[Ed.] 
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arterial  anastomosis  already  exists,  or  is  established  in  a very  short  time. 
Examples  are  found,  especially,  in  the  larger  branches  of  the  pulmonary 
artery,  the  arteries  of  the  brain  anteriorly  and  in  the  circle  of  Willis, 
less  often  the  mesenteric  arteries,  etc. 

Or,  behind  the  embolus,  gangrene  appears  in  its  different  forms  : this  is 
oftcnest  the  case  in  the  extremities  in  their  whole  thickness,  or  only  in  the 
skin,  and  in  the  brain. 

If  the  main  branch  supplying  an  organ,  or  many  large  branches  of  it,  become 
witoT.i.r  OBSTRUCTED,  and  nutritive  blood  is  no  longer  supplied,  uor  a sufficient  col- 
lateral circulation  is  quickly  established,  GANGRENE  of  that  organ  follows.  Gan- 
grene is  the  effect  of  amemia.  Besides,  through  stasis  in  the  capillaries  and  veins, 
a high  degree  of  congestion  and  even  extravasation  of  blood  may  take  place.  The 
extent  of  the  gangrene  is  always  smaller  than  would  he  expected  from  the  size  of 
the  obstructed  artery.  The  gangrene  is  for  the  most  part  moist  and  odorless.  In 
the  brain  and  spinal  cord  it  exists  as  the  so-called  softening,  mostly  white.  In  the 
surrounding  tissues  there  not  infrequently  exists  a high  degree  of  collateral  hyper- 
temia  and  even  numerous  hemorrhages,  the  latter  especially  in  the  brain.  Gangreno 
very  rarely  occurs  in  the  parenchyma.  Cohniieim  fl.  e.  p.  78)  saw  total  embolism 
of  the  renal  artery,  and  consecutive  total  necrosis  of  the  kidney. 

Or  h emorrhages  arise : superficial  bleedings,  or  bloody  infiltrations  in 
extended  organs,  hiemorrhagic  infarctions  in  parenchymata.  Hucb  occur 
most  often  in  the  lungs,  spleen,  kidneys,  less  frequently  in  the  brain, 
retina,  intestinal  tract,  never  in  other  organs.  Both  processes,  gangrene 
and  hteinorrhage,  occur  only  in  organs  where,  between  the  obstruction  and 
the  capillaries,  insufficient,  inconstant,  or  no  arterial  anastomoses  exist. 
Besides,  haemorrhages  can  occur  only  in  organs  where  the  veins  are  without 
valves.  These  conditions  are  found  especially  often  in  the  lungs,  spleen 
and  kidneys. 

True  terminal  arteries  are  present  in  the  organs  named,  in  the  retina,  and  interior 
of  the  brain.  Cerebral  anastomoses,  at  a distance  from  the  circle  of  Willis,  are 
in  oo  ns  taut  and  very  small.  They  are  constant  hut  much  too  small  in  the  last  arterial 
branches  of  the  pulmonary  arteries,  the  inter-alveolar  arteries.  According  to  ItiND- 
F I. Kirs  II  ( Ijfhrb ..  lS7;i,  p.  not  only  all  the  main  branches  of  the  pulmonary 

artery,  but  also  those  entering  the  lobules,  running  between  two  neighboring  lobules 
as  well  as  finally  the  smallest  branches  are  terminal  arteries. 

1 hemorrhagic  infarctions  are  more  often  peripheral  than  central ; they 
are  black-red,  firm,  homogeneous,  or,  according  to  the  structure  of  the  organ, 
horny,  striated,  etc.  In  their  farther  progress  they  grow  pale  from  the 
centre  outward  (or  this  was  pale  from  the  lieginning),  and  may  become 
absorbed  through  fatty  metamorphosis  with  subsequent  scar.  They  less 
frequently  entirely,  or  at  points  pass  into  suppuration,  or  ichorous  trans- 
formation, or  gangrene. 


Haemorrhagic  infarctions  were  until  recently  regarded  as  haemorrhages  in  conse- 
quence of  high  grades  of  collateral  hypenemia : it  was  believed,  that  through  the 
sudden  obstruction  of  numerous  capillaries  and  of  the  smallest  arteries  supplying 
them,  there  arose  a stronger  hypenemia  and  rupture  of  the  central  and  peripheral 
capillaries,  veins  and  smallest  arteries  (especially  in  yielding  tissues,  like  the  lungs, 
spleen,  brain),  and  coagulation  of  the  extravasation.  Cohniieim  has  shown,  that 
they  arise  from  a recurrent  movement  of  the  blood  in  the  formerly  stream  less  veins, 
and  from  haiinorrhoges  in  the  district  occupied  by  their  capillaries.  With  respect 
to  this,  direct  observation  above  all  hears  testimony  ; farther,  that  the  infarctions  do 
not  appear  immediately  after  the  embolism,  hut  only  a little  time  after;  then  that 
in  memorrhagio  infar.-tion  of  the  lungs  the  arterial  embolus  is  not  situated  exactly 
at  the  point  of  the  infarction,  but  somewhat  to  one  side.  Besides,  there  is  a fre- 
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qnency  of  infarctions  in  the  organs  nnme<l  above:  emboli,  when  their  origin  is  in 
the  heart  and  are  not  too  large,  are  transported  everywhere,  but  in  all  parts,  except  in 
the  organs  above-mentioned,  anastomoses  are  present  in  the  arterial  system  and 
there  are  no  terminal  arteries.  The  absence  of  u.Kmokiuiaoic  infarctions  in 
the  liver  has  its  explanation  in  this,  that  there  is  almost  no  source  of  simple 
mechanical  emboli  in  the  portal  vein.  The  non-appearance  of  a hemorrhage  in 
other  cases  is  in  different  localities  explained  in  different  ways.  Behind  the  embol- 
ism of  a large  terminal  artery  the  blood  in  the  corresponding  large  veins  may  coagu- 
late : thus  in  the  larger  branches  of  the  pulmonary  and  renal  veins.  The  situation 
and  position  of  the  affected  organ  may  also  be  of  influence : in  the  brain,  e.g  , the 
recurrent  venous  stream  is  much  more  easily  established,  when  it  is  favored  by 
gravity.  Farther,  the  energy  of  the  heart’s  contractions  is  of  influence:  e.y.,  in 
inflammation  of  the  aortic  valves  with  cardiac  hypertrophy  of  the  left  side,  when 
positive  pressure  also  is  more  considerable  in  the  veins,  a quicker  infarction  is  possi- 
ble. In  partial  embolism,  as  well  as  with  the  existence  of  too  small  anastomoses, 
there  is  still  in  the  embolized  part  a circulation  very  weak  in  quantity,  velocity 
and  pressure,  which  circulation  may  indeed  render  difficult  the  recurrent  venous 
stream,  but  not  sustain  nutrition  (CoilNHEiM). 

Or,  finally,  there  arise  metastatic  abscesses.  These  occur  through 
embolism  acting  mechanically,  but  especially  by  chemical  means,  namely, 
bodies  impregnated  with  putrid  material.  They  mostly  exhibit  in  trans- 
verse section  three  layers:  a purulent,  or  necrotic  centre,  into  which  the 
occluded  artery  leads  and  the  veins  filled  with  coagula  from  the  periphery; 
an  infarcted  mass  of  tissue  saturated  with  blood-corpuscles  and  fibrin ; an 
external  zone  of  collateral  hyperemia.  Embolic  abscesses  are  of  various 
sizes  and  forms.  The  larger  occur  only  in  the  lungs  and  liver ; in  other 
organs  they  are  about  the  size  of  a millet  seed.  They  are  mostly  globular, 
less  frequently  longitudinally  striated,  etc.  They  occur  in  the  interior  as 
well  as  (like  infarctions)  on  the  surface  of  organs. 

According  to  ConxiTETM,  embolic  abscesses  are  dependent  either  upon  obstruction 
of  the  capillaries  or  smallest  arteries;  or.  as  in  the  lungs  and  liver,  upon  plugs  in 
arteries  which  behind  these  are  still  supplied  with  numerous  anastomoses.  In  both 
cases  there  is  no  true  interruption  of  the  circulation,  but  a purulent  inflammation, 
which  is  consequent  upon  the  presence  of  an  injurious  foreign  body.  The  size  of 
the  abscess,  its  course,  etc.,  are  dependent  only  on  the  size  and  the  injuriousness  of 
the  embolus,  and  on  the  liability  of  the  organ  to  damage. 

If  the  vessel  be  not  completely  obstructed  by  the  embolus,  as  is  the 
case  especially  in  emboli  of  firmer  consistence,  which  cannot  adapt  them- 
selves to  the  inner  form  of  the  vessel,  also  as  is  usual  in  the  case  of 
emboli  fixed  at  the  point  of  division  of  the  artery,  then  the  affected  arte- 
rial region  becomes  only  transiently  anaemic,  and  only  until  a sufficient  col- 
lateral circulation  is  established.  The  open  interval  either  remains,  or 
becomes  closed  by  supplementary  deposits  of  fibrin. 

Capillary  embolisms  frequently  are  of  no  importance,  when  their  num- 
ber in  the  same  capillary  district  is  not  too  great,  since  only  the  capillary 
affected  is  closed ; less  often  are  they  the  cause  of  punctiform  extravasa- 
tions. The  latter  are  explained  by  the  changes  of  the  vessel-wall,  which 
arise  during  the  obstruction,  but  they  do  not  appear  till  after  the  removal 
of  the  embolus. 

The  structure  of  the  organ  exercises  an  influence  in  various  ways  by 
means  of  its  changes  from  embolism  of  its  nutrient  vessels.  Under  all 
circumstances  there  arise  acute  or  chronic  disorders  of  nutrition.  rJ  ho 
firmer  the  tissue,  the  less  the  liability  to  hemorrhages  and  to  the  develop- 
ment of  an  abundant  collateral  circulation;  the  softer  it  is,  the  more  easily 
do  hemorrhages  occur,  and  sufficient  collateral  currents.  The  more  vascular 
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it  is,  so  much  the  earlier  does  gangrene  appear  in  absence  of  a collateral 
circulation.  The  most  extensive  and  quickest  destruction  of  tissue  follows 
embolism  of  the  capillaries  in  soft  textures  (lungs,  liver,  spleen,  brain)  ; 
there  arise  metastatic  abscesses.  The  tissues  are  destroyed  more  slowly 
in  the  kidneys  and  still  more  so  in  the  skin : here  there  are  formed  firm, 
yellowish  white,  purulent  plugs,  so-called  FURUNCLE.  In  the  bones,  ne- 
crosis takes  place  only  after  a long  time,  the  dead  parts  gradually  becoming 
loosened,  so  called  SEQUESTRA. 

In  organs  with  a double  system  of  vessels,  functional 'and  nutritive, 
embolism  of  the  nutritive  vessels  affects  the  texture  and  function  at  the 
same  time,  because  function  is  possible  only  during  normal  nutrition.  In 
embolism  of  the  vessels  of  function,  normal  nutrition  remains;  but  tho 
inactive  parenchyma  often  becomes  atrophied,  not  infrequently  with  hyper- 
trophy of  the  interstitial  connective  tissue.  Nutritive  blood  can  act 
vicariously  for  the  functional,  but  not  vice-versa. 

The  collateral  circulation  of  parts  obstructed  by  embolism  is,  as  said 
above,  of  the  greatest  importance  with  respect  to  the  future  of  the  organ 
affected.  The  quicker  it  is  established  and  the  more  efficacious  it  is,  the 
less  the  anatomical  and  functional  disturbance.  It  arises  either  from  other 
branches  of  the  embolized  vessel,  or  from  other  vessels,  but  of  the  same 
kind,  or  finally  from  vessels  of  an  altogether  different  character:  both  the 
former  modes  are  seldom  found  in  the  brain  where  only  large  and  very 
small,  hut  no  intermediate  anastomoses  occur;  the  latter  mode  occurs  in 
the  lungs,  in  obstruction  of  the  pulmonary  artery  on  the  part  of  tho 
bronchial  arteries.  In  diseased  vessels  a collateral  circulation  is  usually 
less  complete.  The  collateral  circulation  already  established  can  thereby 
in  turn  lie  interrupted,  so  that  the  primary  coagulum  gradually  grows 
tow  aid  the  heart. 

In  a case  cited  by  V ITU' HOW,  the  main  vessel  of  the  whole  pulmonary  lota?  of  a dog 
was  totally  obstruct  ;d  by  embolism,  by  injection  of  large  particles  into  the  jugular 
vein.  When  the  animal  died,  after  a half  year,  the  autopsy  showed  that  while  au 
injection-inass  could  not  be  driven  from  the  right  side  of  the  heart  into  the  affect- 
ed lobe,  the  most  delicate  injection  of  the  pulmonary  vessels  could  be  obtained  from 
the  very  dilated  bronchial  arteries.  The  lung  itself  was  normal. 

The  influence  of  EMBOLISM  on  the  whole  organism  depends:  upon  the 
interruption  or  abolition  of  certain  functions  essential  to  the  organism 
(embolism  of  the  pulmonary  artery,  of  the  portal  vein,  of  the  cerebral 
arteries) ; upon  irritation  of  the  sensory  nerves  in  the  affected  organ  and 
their  reflex  action  on  other  parts  and  functions  (chills,  fever,  convulsions, 
neuralgia);  ujxm  the  sudden  diminution  of  the  current,  and  the  recurring 
congestion  and  plethora  (congestion,  syncope,  asphyxia) ; upon  softening, 
gangrene  of  the  organ  ; upon  the  sequela*  of  absorption  (septicaemia),  etc. 

Symptoms  of  embolism. 

Autochthonous  thromboses  differ  from  embolisms  in  that  the  consequent 
] lenomena  arise  slowly,  while  in  large  embolic  obstructions  with  shock, 
the  consequences  of  the  cut-off  blood-supply  appear  in  a day.  If,  e.ff., 
embolism  affect  one  of  the  larger  arteries  of  the  brain  {art.  fossae  Sylvil ), 
apoplexy  immediately  follows,  i.e.,  paralysis  of  the  part  of  the  brain  affect- 
ed,  if  ii  affect  a large  branch  of  the  pulmonary  artery,  there  appears  sud- 
denly the  danger  of  suffocation ; if  one  of  the  coronary  arteries  of  the  heart, 
then*  follows  acute  paralysis  of  the  heart’s  movements,  pain,  feeling  of 
impending  annihilation  with  retained  consciousness.  A great  portion  of 
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the  sudden  amauroses  in  pyaemia,  puerperal  fever,  acute  rheumatism  of  the 
joints,  are  ot  an  embolic  nature:  their  immediate  cause  is  the  acute  endo- 
carditis often  complicating  those  processes.  In  embolic  obstruction  in  an 
extremity,  there  suddenly  appear  severe  pain,  a feeling  of  numbness, 
sometimes  a chill,  sometimes  loss  of  the  sense  of  touch,  with  general 
pains,  paleness,  and  a feeling  of  cold,  weight  and  paralysis  of  the  muscles, 
ibe  pulse  beneath  the  obstructed  part  is  no  longer  felt,  above  it  beats 
with  so  much  stronger  impulse. 

With  respect  to  the  locality  of  attack,  the  already  mentioned  frequency  of  embo- 
lisms on  the  left  side  is  important.  Embolic  paralyses  of  the  brain  are  examples, 
because  the  left  hemisphere  is  commonly  affected,  mostly  the  right  half  of  the  body; 
embolic  paralysis  of  a lower  extremity  is  usually  on  the  left  side. 

If  death  does  not  immediately  follow  embolism,  a recovery  can  take  place 
after  the  first  severe  symptoms,  which  are  often  attended  by  a chill.  Even 
the  most  severe  and  most  striking  symptoms  (paraplegia,  hemiplegia,  motor, 
sensory  paralyses  of  an  extremity,  attacks  of  dyspncea,  symptoms  of  angina 
pectoris,  etc.),  can,  after  minutes  and  hours,  entirely  disappear,  if  the  ter- 
minal arteries  be  not  obstructed,  and  if  with  corresponding  quickness  a col- 
lateral circulation  be  established.  This  can  rarely  be  entirely  over- 
looked during  life.  The  disorders,  which  are  manifested  as  external  symp- 
toms in  the  obstructed  region,  are  therefore  very  different.  Iscluemia  is 
often  so  considerable,  that  the  veins  also  immediately  lose  their  power  to 
carry  the  blood  onward.  In  the  extremities,  especially,  a bluish-redness 
appears  soon  after  the  first  paleness,  also  some  oedema,  small  haemorrhages, 
even  the  formation  of  vesicles;  sometimes  true  venous  thrombosis.  On 
tire  other  hand,  through  obstruction  of  a small  branch,  so  much  blood  may 
flow  into  the  vessels  near  by,  as  to  give  rise  to  symptoms  of  inflammation. 


There  may,  e.g.,  be  an  embolic  obstruction  in  one  carotid  within  the  carotid  canal, 
and  a resulting  paralysis  of  one  side ; but  it  will  just  as  quickly  disappear,  since  the 
blood  soon  becomes  supplied  from  the  other  side  through  the  circle  of  Willis,  and 
also  from  the  vertebral  and  basilar  arteries.  But  if  the  embolus  affects  the  region 
above  the  circle  of  Willis,  e.g. , in  the  art.  f>ma<  Sylvii,  hemiplegia  follows. 

The  usual  termination,  however,  in  the  case  of  large  and  complete  arte- 
rial obstructions,  especially  of  the  brain  and  extremities,  is  softening  or 
gangrene,  which  for  weeks  and  months  proceeds  continuously  to  the 
point  of  obturation. 

Tn  parts  poorly  supplied  with  nerves  (liver,  spleen,  kidneys,  most  mucous 
membranes)  the  more  important  symptoms  are  wanting,  or  the  embolisms 
are  entirely  without  symptoms.  Bloody  expectoration  frequently  appeal’s 
in  consequence  of  collateral  hyperannia  in  the  lungs  dependent  on  embolus, 
in  the  kidneys,  occasional  hammturia.  Symptoms  of  partial  pleurisy,  and 
peritonitis,  are  frequently  present  as  a consequence  of  peripheral  infarc- 
tions in  the  lungs,  liver,  and  spleen. 


In  embolism  of  the  mesenteric  arteries,  there  occur  copious,  even  exhaustive  intes- 
tinal haemorrhages,  abdominal  pain  (sometimes  like  colics  and  very  intense),  fiually 
tympanitic  distention  of  the  abdomen  and  peritoneal  exudation  (Coiin,  OmoLZEK, 
Geriiakdt.  Kussmaul,  Hkgar). 

Boiin  (Jahrb.  f.  Kdcrheiik .,  18GS,  I..  p.  391)  holds  Wrr, ban’s  erythema  nodosum 
ami  SciibNi, kin’s  peliosi*  rhennwtica , also  Huktek’s  (Klin.  d.  Gele.kkrUi. , 18,0.  p. 
9s  If. ) polyarthritis  synonialis  acuta  (acute  rheumatism  of  the  joints),  to  be  of  em- 
bolic nature. 
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According  to  BastiaN  (Brit.  Med.  J..  Jan..  1809),  obstruction  of  small  arteries  and 
capillaries  by  white  blood -corpuscles  in  the  gray  matter  of  the  brain  in  intense 
febrile  disease,  is  the  cause  of  the  delirium,  and  stupor,  and  other  symptoms  of  the 
typhoid  state. 

Farther  important  differences  in  the  symptomatology  arise,  according  as 
the  embolism  affects  the  vessels  of  NUTRITION  or  FUNCTION.  With  respect  to 
the  hitter,  the  pulmonary  artery  chiefly  is  of  interest. 

Embolic  obstructions  of  its  smaller  branches,  are  of  all  embolisms  the 
most  frequent,  but  almost  always  entirely  without  symptoms.  Also  when 
larger  branches  of  the  pulmonary  artery  become  obstructed  by  emboli,  no 
symptoms  appear.  In  the  dead  body  the  affected  parts  of  the  lungs  are 
sometimes  not  essentially  changed,  because  the  bronchial  vessels  dilate  vica- 
riously, sometimes  are  amemic,  collapsed,  and  somewhat  emphysematous; 
sometimes  hamiorrhagic  infarctions  are  found,  surrounded  by  collateral 
hypeneniic  tissue.  Only  when  numerous  small  branches  of  the  pulmonary 
artery  are  closed  at  the  same  time  or  soon  after  one  another,  or  when  a very 
large  branch  is  obstructed,  when  a large  part  of  the  lung  is  thus  suddenly 
deprived  of  blood  and  on  that  account  so  much  the  more  blood  flows  into 
other  jmrts,  do  marked  symptoms  appear.  Suddenly  apmea  appears, 
and  after  longer  duration,  in  consequence  of  collateral  hypenemia,  acute 
oedema.  Percussion  is  normal,  but  when  (edema  exists,  auscultation  reveals 
fine  rales.  The  inspiration  is  free.  The  pulse  is  sometimes  small,  the 
skin  and  mucous  membranes  are  very  pale  ; the  second  sound,  and  the 
heart’s  impulse  art?  increased  ; the  extremities  become  cold,  the  muscles 
weak.  Death  follows  from  anamiia  of  the  spinal  cord.  In  the  autopsy 
both  halves  of  the  heart  are  found  in  diastole,  the  left  cavities  and  the 
pulmonary  veins  empty,  the  right  cavities  filled  with  blood,  the  cardiac  veins 
strongly  distended. 

Sudden  death  in  severe  emuoi.ism  ok  tiie  iti.monarv  artery  depends 
upon  the  want  of  blood-supply  to  the  brain  and  medulla  oblongata.  The  phenom- 
ena of  death  from  the  indirect  interruption  of  the  arterial  blood  supply  to  the  great 
nerve  centres,  are  altogether  identical,  and  the  mechanism  of  death  is  in  lioth  cases 
the  same.  In  this  it  is  a question  neither  of  suffocation,  nor  of  paralysis  of  the  heart. 
In  extensive  embolisms  of  the  pulmonary  artery,  the  first  quite  constant  phenomenon 
is  the  extreme  paleness  of  all  visible  parts  of  the  body  (conjunctiva,  gums.  lips).  The 
white  brain  matter  is  entirely  empty  of  blood  ; the  veins  and  venous  sinuses  of  the 
brain  are  filled  with  blood.  This  paleness  is  immediately  followed  by  constant 
tetanic  extension  of  the  limbs,  involuntary  evacuation  of  the  urine  and  feces,  and 
very  deep  inspiratory  movements  (Panum's  experiments). 

I he  symptoms  of  capillary  embolism  have  until  now  been  almost  only 
accessible  to  ophthalmoscopic  examinations. 

Embolism  of  the  pulmonary  capillaries  with  great  quantities  of  air  or  of 
liquid  hit,  also  lies  at  the  foundation  of  a number  of  cases  of  sudden  death. 
Die  causes  of  embolisms  of  air  are  injuries  (usually  wounds,  rarely  uleera- 
tioiiB,  etc.)  of  the  larger  veins  in  the  lower  part  of  the  neck,  of  the  upj>er 
part  of  the  thorax,  of  the  axilla,  rarely  of  the  upj>er,  almost  never  of  the 
lower  extremities,  with  aspiration  of  external  air  : of  embolisms  of  fat, 
extensive  lacerations  or  contusions  of  the  subcutaneous  adipose  tissue,  and 
especially  of  the  marrow  of  bones.  From  embolism  there  arises  an  in- 
sufficient decarbonization  of  the  blood,  and  esjiecially  a stoppage  of  the 
supply  of  arterial  blood  to  the  spinal  cord.  Small  quantities  of  air  and  of 
fat  are  probably  diffused,  oxidized,  etc.,  and  for  the  most  part  therefore  un- 
inj  urious. 
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Consult  Amubsat,  Iteoh.  s.  V introduct.  acrid,  de  I'air  dam  leu  vrines , 1838;  Poi- 
skuille,  Mkrcier,  Beck,  O.  Webek,  Uandb .,  p.  93;  the  Author,  Arch.  d. 
lit  ilk. , III.,  p.  241;  VI.,  pp.  146,  368,  u.  481;  Busch,  Virch.  Arch.,  XXXV.,  p. 
321. 

Besides,  concerning  the  symptoms  of  embolism  of  putrid  and  gangrenous  material, 
concerning  “ inetastases,”  ride  Gangrene,  Pyaemia,  etc. 

I 

The  symptoms  of  embolism  of  the  lymphatics  are  not  yet  known. 
Besides,  embolism  can  occur  only  in  subordinate  proportions,  because  those 
vessels  enter  the  lymph -glands  before  terminating  in  the  larger  branches, 
especially  the  thoracic  duct. 

Consult,  on  the  other  hand,  the  opposing  experiments  of  Sciiweigger-Seidel, 
Stud.  d.  phys.  hut.  eu  Breslau , 1861,  1.  H.,  p.  67. 

The  diagnosis  of  embolism  depends:  1,  upon  a knowledge  of  the  sources 
of  embolism  ; 2,  upon  the  proof  of  the  diminution,  or  of  the  sudden  entire 
disappearance  of  the  thrombosis  serving  as  a source;  3,  upon  the  appearance 
of  atypical  chills,  with  or  without  enlargement  of  the  spleen,  with  complete 
remission  of  the  fever;  4,  upon  the  sudden  appearance  of  a series  of  dis- 
turbances in  the  function  of  an  organ,  which  find  in  embolism  their  full,  if 
not  also  their  exclusive  explanation,  and  which  usually  appear  from  the 
first  with  all  their  intensity,  and  either  lead  quickly  to  an  unfavorable  ter- 
mination, or  quickly  or  slowly,  in  their  farther  progress,  assume  a some- 
what more  favorable  course. 


4.  ilemorrhage. 

(Hcematorrhoea  s.  Profluvium  Sanguinis.) 

C.  J.  Meyer,  System.  Uandb.  zur  Erkenntnm  und  Heilung  dcr  Bhitfliisse , 2 Bde., 
1804  et  1803. — Virchow,  Virch.  Arch.,  1847,  I.,  p.  379;  WOrzb.  Verii.,  VII.; 
Uandb.  d.  spec.  Path.  u.  Thai'.,  I.,  p.  227;  Die  krankh.  Geschwulstc,  I.,  p.  128. — 
Pestalozzi,  Ueh.  Aneur.  spuria  der  kleinen  Geliirnarterien  und  deren  Zusammen- 
hang  mit  Apoplexie,  Wurzburg,  1849. — Paget,  Bond.  Med.  Gaz  , 1850. — Sticii,  Ann. 
d.  Bert.  Char.,  1852,  III.,  p.  192. — Moosherr,  Ueh.  d.  path.  Verb.  d.  kl.  Himgeff, 
1855.— Beckmann,  Virch.  Arch.,  1861,  XX.,  p.  227.—  Rindfleisch.  Arch.  d.  Heilk., 
1863,  IV.,  p.  347;  Experimental  stud.  uh.  d.  Histol.  d.  Blutes,  1863. — 0.  Weber, 
Uandb.  d.  ally.  n.  spec.  Ghir.,  1865,  I.,  p.  119. — Consult  besides  the  surgical  works 
of  Bell,  Boyer,  Velpeau,  Billroth,  Ericiisen,  Gross,  Holmes. 

By  the  term  Haemorrhage  is  understood  the  escape  of  blood,  through 
• various  pathological  conditions,  from  its  natural  reservoirs  (extravasa- 
tion). This  takes  place  as  well  in  the  heart  as  in  the  arteries,  veins,  and 
capillaries;  hence  we  have  cardiac,  arterial,  venous,  and  capillary 
lnemorrhages.  Parenchymatous  haemorrhages  are  those  which  simulta- 
neously proceed  from  numerous  small  arterial  and  venous  branches,  and 
capillaries. 

Every  large  extravasation  of  blood,  i.e.  of  serum  and  blood-corpuscles, 
also  every  escape  of  a large  quantity  of  red  corpuscles  outside  of  the  vessels, 
presupposes  a rupture  of  the  vessels:  “ haemorrhage  per  rhexin.” 
Since  this  is  often  not  demonstrable,  especially  almost  never  with  respect 
to  the  capillaries,  rarely  with  respect  to  the  small  arteries  and  veins,  the 
demonstration  in  doubtful  cases  of  a great  quantity  of  red  blood-corpuscles 
outside  of  the  vessels  is  sufficient.  The  smaller  and  smallest  haemorrhages, 
especially  from  the  capillaries  and  smallest  veins,  may  occur  without  \ isi- 
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ble  injury  to  TnE  vessels.  The  blood-corpuscles  leave  the  vessels,  accord- 
ing to  some,  by  a kind  of  trickling  process : “ haemorrhage  per  diapedi- 
sin  ” ; according  to  others,  through  very  fine,  preformed  openings  in  the 
walls  of  the  vessels  (stomata)  : bleeding  per  anastomosin'. 


Demetrius  assumed,  besides  the  three  named  kinds  of  haunorrhnge,  one  per 
diabrorin  (by  ulceration,  etc.),  and  another  per dieeretin  (by  wounds,  etc). 

With  respect  to  the  form  and  manner  of  the  occurrence  of  H. KMohkii  ac.es  through 
uninjured  vessels,  opinion  is  still  divided.  According  to  St  bicker.  Wien.  Sitzgxber. , 
1803,  the  process  is  an  active  one : the  capillary  wall,  which,  according  to  him,  is 
protoplasm  in  tubular  form,  and  capable  of  independent  alternate  contraction  and 
dilatation,  takes  up  the  blood -corpuscles  and  forces  them  out.  According  to  Coiin- 
HEIM  (vide  Inflammation),  the  process  is  a PASSIVE  one  : the  increased  blood-pressure 
dilates  the  (according  to  him)  preformed  openings  in  the  vessel’s  wall,  and  through 
these  the  blood-corpuscles  are  pressed  out. 


Rupture  of  the  heart  and  bloodvessels  affects  in  most  cases  all  the 
tunics  or  membranes.  Only  in  the  arteries,  especially  the  aorta  and  in 
the  arteries  of  the  brain,  does  it  happen,  that  only  the  intiina  and  media, 
tinder  these  conditions  always  degenerated,  are  ruptured,  while  the  adven- 
titia remains  uninjured,  and  that  the  blood  accumulates  in  the  spaces  be- 
tween the  latter  and  middle  coat  (so-called  dissecting  anubribm). 

Since  the  external  surface  of  the  vessels  in  almost  all  parts  is  con- 
tinuously connected  with  the  parts  surrounding  them,  a great  ha-morrhage — 
if  we  except  those  upon  the  surface  of  the  body  and  in  the  cavities — is 
only  possible,  when  the  blood  can  collect  lietween  the  tissues  and  the  ves- 
sel, as  in  parts  which  are  dense,  or  when  the  surrounding  parts  are  at  the 
same  time  lacerated,  as  happens  in  almost  all  the  softer  organs.  In  the 
smaller  and  smallest  haemorrhages  lacerations  of  this  kind  need  not  occur, 
since  the  blood-corpuscles  pass  into  the  surrounding  lymphatics  (lymphatic 
sheath),  into  the  preformed  spaces  of  the  connective  tissue  and  into  the 
lymphatic  radicles,  and,  under  certain  circumstances,  between  and  into 
epithelial  and  glandular  cells. 

Haemorrhages  are  distinguished  as  external  and  internal,  with  respect  to 
the  locality  ok  the  extravasation.  External  h emorrhages  are  those 
which  occur  on  the  surface  of  the  body  or  on  the  surfaces  of  mucous  mem- 
branes lying  near  it  ami  visible  (nose,  mouth,  vagina,  rectum).  With 
respect  to  haemorrhages  on  the  surface,  if  they  occur  slowly  with  frequent 
repetitions  they  receive  the  name  of  bloody  fluxes.  They  occur  on  the 
surface  of  the  skin,  when  normal  (bloody  sweat),  as  well  as  from  wounds 
ami  ulcers,  but  especially  on  mucous  membranes,  rarely  from  gland-ducts. 
Internal  hannorrhages  are  those  which  occur  in  pre-existing  cavities  and 
canals,  sometimes  in  the  parenchyma  of  parts,  and  usually  do  not  extend 
from  these,  or  to  a slight  distance,  or  only  after  some  time  to  the  surface, 
h rom  this  it  appears  that  no  sharp  boundary  exists  between  external  and 
internal  htetnorrhage. 

The  escaping  blood  is  either  pure,  or — and  in  all  proportions — mixed 
Mith  secretions  and  excretions  (bloody  urine,  stool,  tears,  sweat),  or  with 
exudates  (so-called  haemorrhagic  exudations). 

11m  following  kinds  of  haemorrhage  are  determined  by  the  relation  of 
the  extravasation  to  the  tissues.  If  the  haemorrhage  is  small,  more 
superficial,  and  exercises  little  pressure  upon  the  tissues  or  slightly  lacer- 
ati  i t min,  it  is  termed  suffusion,  hiemorrhagic  infiltration,  and  if  puncti- 
oi  in,  Ei  i'hi MOSI8.  If  the  effusion  of  blood  is  large  and  connected  with 
gnat  separation  of  the  tissues,  with  little  or  no  destruction  of  them,  they 
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are  called  hemorrhagic  infarctions;  or,  if  the  effused  blood  forms  a 
tumor  on  a surface,  blood-tumors,  blood-boils,  hematomata.  If  blood 
is  ell  used  in  large  tjuaritity  ami  the  tissues  are  destroyed,  it  is  known  as  a 
•HEMORRHAGIC  FOCUS,  BLOOD-SLOUGH. 

Hemorrhages  in  various  parts  of  the  BODY  receive  names  by  combining 
either  ii.kmo,”  or  “ HEMATO,”  or  “ RHAGE,”  with  the  name  of  tlie  part:  e.g .,  in 
ttie  uterus  as  hsematometra  (accumulation  of  blood  in  the  uterus),  or  metrorrhagia 
(How  of  blood  out  of  the  uterus);  by  hannatothorax  is  understood  haemorrhage  iuto 
the  pleural  cavities,  by  hasmatocele  that  into  the  vaginal  membrane  of  the  testicles, 
by  pueumorrhagia  haemorrhage  into  the  lungs.  Besides,  the  words  hsematuria, 
bloody  urine,  hajinatemeais,  bloody  vomit,  haemoptysis  or  haeraoptoe,  bloody  sputa, 
etc.,  are  in  common  use.  By  purpura  or  PETKi  iiie  (s]>ots  similar  to  those  caused 
by  Hea-bites)  is  understood,  small,  purple-red,  rounded  effusions  of  blood  in  the  skin; 
by  ME  I,. ena,  the  escape  of  black  blood  by  vomiting  (or  stools) ; by  hemorrhoids, 
hajmorrhages  of  the  rectum  ; by  mie»  eraenUv  bloody  stools,  by  epistaxis  bleeding 
from  the  nose.  Large  hajmorrhages  in  external  parts,  especially  of  the  extremi- 
ties, where  they  are  connected  with  an  otherwise  normal  artery,  arc  called  false 
or  TRAUMATIC  ANEURISMS. 

For  haemorrhagic  foci,  or  for  all  kinds  of  haemorrhage  many  use  the  word  apo- 
plexy. * This  word,  however,  refers  only  to  the  sudden  interruption  of  the  function 
of  an  organ,  and  since  this  is  very  frequent  in  the  brain,  but  not  always  dependent 
on  effusions  of  blood,  the  word  is  i letter  used  in  its  literal  sense. 

The  quantity  of  effused  blood  varies  in  every  conceivable  degree.  In 
many  cases  so  great  a quantity  of  blood  is  poured  out  in  the  shortest  time, 
that  death  follows  within  a feu  seconds:  e.g.,  in  rupture  of  the  heart,  and 
of  the  larger,  mostly  arterial,  rarely  venous  vessels  (bursting  of  aneurisms, 
corrosion  of  the  gastric  arteries  from  ulceration,  etc.)  — apoplexy  in  its 
old  sense.  Or  there  happens  an  effusion  of  blood  only  by  drops:  still i- 
ciilium  sanguinis,  or  struct*,  as  in  the  nose,  intest  ines,  etc.  Or,  only  single 
blood-eorpuscles  appeal1  by  diapedesis,  or  through  preformed  very  fine 
openings  through  the  capillary  wall  or  walls  of  the  smallest  veins,  so  that 
the  lne  mo  nil  age  is  recognizable  only  through  the  microscope:  this  happens 
in  congestive  and  in  mechanical  liyperaemia  (vide  p.  180  et  180),  in  hyper- 
semia  of  inflammation,  in  primary  haemorrhagic  exudations. 

Hajmorrhages  with  escape  of  blood  by  drops  are  sometimes  visible  on  the  surface 
of  granulations  and  villous  vascular  now-formations  ( e.g .,  cauliflower  growths  in  the 
vagina)  to  the  naked  eye.  They  occur,  according  to  Virchow,  sometimes  also  on 
the  surface  of  large  aneurisms,  e.g.,  of  aneurisms  of  the  arch  of  the  aorta,  when 
they  have  pierced  the  sternum. 

THE  CAUSES  OF  HEMORRHAGE. 

They  affect  normal  tissues  as  well  as  new-formations. 

1.  From  forces  ac  ting  externally  to  the  vessels.  Here  are  classed 
the  different  wounds  of  vessels,  cuts,  stabs,  and  injuries  of  all  kinds 
(most  of  the  accidental  or  intended  injuries  of  the  soft  parts  ot  the  trunk 
and  extremities,  contusions,  bruises,  etc. ; similar  injuries  of  the  bones; 
fractures,  etc.,  of  them;  cephalluematoma ; haematoma  of  the  muscles, 
e.g.,  of  the  sterno-cleido-mastoideus ; that  of  the  external  ear,  othamia- 
toma,  especially  of  the  insane ; wounds  from  swallowing  sharp  or  pointed 
objects;  those  of  the  skin  and  mucous  membranes  from  friction,  the  action 


* This  perverted  use  of  the  word  APOPLEXY,  so  common  in  text-hooks  and  lectures, 
has  proved  most  misleading  to  students.  Previous  to  1820  the  word  was  employee , 
as  it  should  be,  to  denominate  a group  of  symptoms,  which  may  be  caused  by  many 
morbid  conditions  (not  limmorrhage  alone). — [Ed.] 
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of  substances  producing  excoriations,  etc.,  especially  in  the  urinary  tract 
(catheter,  calculi),  in  the  lower  part  of  the  intestinal  canal  (liard  feces), 
in  the  upper  part  (by  intestinal  worms : anchylostomum  dv.odenale — vide 
p.  124),  in  the  genitals  (subcutaneous  haemorrhages  and  galling  from 
coitus — hrematoma  of  the  vulva  from  pressure  of  the  head  of  the  feetus 
in  parturition);  by  stretching  and  tearing,  especially  of  the  granular  sur- 
face of  ulcer's,  as  of  the  lower  part  of  the  rectum,  of  the  chapped  surface 
of  the  lips  and  hands;  in  the  breaking  open  of  cancers  on  the  surface  of 
the  skin  and  mucous  membranes. 

Through  traumatic  causes  is  explained  the  origin  of  lnrni atoeele  from 
hydrocele,  htematoma  pahillare  from  a hygroma,  as  well  as  the  bloody  mix- 
tures in  many  strumous,  serous,  mucous  and  colloid  cysts  (so-called  lnema- 
toevstides). 

Strong  muscular  movements,  as  straining  at  stool,  sneezing,  coughing, 
e.g.  irr  whooping-cough,  are  often  followed  by  r upture  of  vessels.  Some- 
times the  vessels  or  organs  were  previously  alfected  e.g .,  strong  bodily 
movements  cause  haematuria,  during  the  existence  of  renal  and  vesical 
calculi).  After  general  convulsions  there  are  frequently  seen  in  the  dead 
body  small  subserous  and  other  ha  itrorrhages,  in  tetanic  spasm  often  htemor- 
rhages  in  the  muscles;  even  in  the  skin  of  the  face  of  the  living  after 
severe  epileptic  convulsions. 

Here  also  belongs  the  influence  of  a decrease  of  atmospheric  pressure, 
as  may  be  seen,  under  cupping-glasses,  J urrod’s  boots,  and  sometimes  in 
the  climbing  of  mountains. 

2.  Diminished  capacity  of  resistani  e ok  the  wall  of  the  heart  and 
vessels,  dependent  upon  original  or  acquired  changes  in  their  texture. 
Here  belongs  in  the  first  place  the  long  exclusion  of  the  blood  from  a 
vascular  region  and  the  resulting  softening  of  the  vessel-wall  in  embolic 
processes,  etc.  (vide  p.  203).  1'nder  this  head  belongs  also  inflammatory 
ami  gangrenous  softening  and  fatty  metamorphosis  of  the  circulatory  appa- 
ratus. 1 hus  arise  ruptures  of  the  heart  from  acute  and  chronic  myocar- 
ditis and  from  fatty  metamorphosis  of  the  muscular  substance  of  the  heart; 
ruptures  of  arteries  of  every  calibre  from  chronic  endarteritis  and  fatty 
metamorphosis  of  the  internal  and  middle  coats,  sometimes  with  prior 
aneurisms!  dilatation  (in  the  brain,  in  the  lungs,  etc.),  sometimes  without 
these  (as  in  haemorrhagic  infarctions  of  the  lungs  in  cardiac  affections, 
etc.);  ruptures  of  veins  in  parts  destroyed  by  gangrene,  etc.  ; rupture  of 
the  capillaries  from  their  fatty  metamorphosis.  Desides,  r11  young  vessels 
have  very  delicate  walls : hence  the  frequent  haemorrhages  in  the  new-born; 
the  bleedings  from  the  quickly  grown  vessels  in  inflammation  (in  pachy- 
meningitis, the  cause  of  the  intermeningeal  apoplexy  or  of  haunatoma  of 
the  dura  mater),  in  pleurisy,  pericarditis,  etc.  (haunorrhagic  exudations), 
in  retro-  or  peri-uteriue  haeuiatocele,  in  granulations.  Finally,  ha-morrhages 
may  appear  from  diminished  capacity  of  resistance  of  the  tissues  surround- 
ing the  vessels,  e.g.,  of  the  muscles  in  waxy  degeneration  (muscle-hauna- 
toma  in  the  rectus  abdominis  in  typhoid  fever),  of  the  brain  in  its  softening, 
of  the  thyroid  gland  in  gelatinous  goitre. 

Rokitansky  and  Virchow  have  seen  the  vessels  of  young  girls  very  small  and 
tnin-WAUud.  and  consequent  repeated  haemorrhages  (see  Chlorosis). 

1 arkm  in  matous  SECONDARY  HAEMORRHAGES,  so-called,  depend  partly  upon  the 
greui  brittleness  of  the  granulation-vessels,  partly  upon  extended  thrombosis  of  the 
surrounding  veins.  “ 

. Spontaneous  cerebral  hemorrhages  are  almost  always  dependent  upon  true  aneur- 
isms of  the  cerebral  arteries,  which  aneurisms  are  extremely  small,  to  the  size  of  a 
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pin's  head  and  larger  (Charcot  and  Boxtciiakd,  Arch,  de  physiol,  norm,  et  path., 
18G3),  originating  in  chronic  arteritis.  (Zenker.) 

3.  Increased  pressure  of  the  blood  within  the  vessels  in  conse- 
quence of  ACTIVE  ok  passive  hyperjemia.  Passive  haemorrhages,  i.e., 
those  dependent  upon  congestion,  are  very  frequent;  they  arise  in  conse- 
quence of  increased  lateral  pressure  of  the  blood  within  the  veins  and 
capillaries.  The  most  marked  example  of  this  is  found  in  the  congestions 
in  the  region  supplied  by  the  lesser  circulation  from  affections  of  the  left 
auriculo-ventricular  opening,  or  of  the  mitral  valve ; hence  pulmonary 
haemorrhages  are  very  frequent.  Hei'e  too  belong  the  gastric  and  intestinal 
1 Hemorrhages  in  contractions  of  the  portal  vein  ; the  same  of  the  new-born 
from  disturbances  in  the  pulmonary  and  hepatic  circulations.  ( Vide  p.  18(1.) 

The  most  striking  example  of  this  form  of  haemorrhage  is  furnished  by  ovarian 
‘ cysts,  which  turn  upon  their  axis  and  thereby  strangulate  their  vessels : not  only  the 
cavities  of  the  cysts  are  filled  with  blood,  but  also  the  cavity  of  the  peritoneum 
contains  blood. 

Spikgelberg  (Mon.  f.  Geburtsk.,  1805.  XXV I. , p.  10)  holds  the  cranial  blood- 
tumor  of  the  new-born  to  be  a local  manifestation  of  the  congestions  and  extrava- 
sations in  the  child’s  body,  dependent  upon  obstructions  to  the  interchanges  of  gases 
and  especially  upon  the  premature  movements  of  respiration.  They  have  their  origin 
on  the  cranial  bones,  because  their  diploic  substance  is  loosely  covered  by  periosteum, 
and  because  the  vessels  of  the  latter  enter  the  former  almost  without  any  sheath, 
and  thus  are  easily  ruptured.  By  this  is  explained,  how  that  blood  effusion  occurs 
ulso  after  relatively  easy  births,  as  well  as  the  almost  constant  fluidity  of  the  blood, 
at  the  best  with  small  soft  coagula  (for  it  is  blood  which  is  effused  in  threatened  or 
actually  present  asphyxia). 

Active  luemorrhages  occur  in  all  grades  in  all  forms  of  active  iiyper- 
yEMiA,  most  often  as  nasal  haemorrhages.  Upon  a similar  cause  depends 
also  the  frequent  haemorrhages  of  the  brain,  the  severe  bleedings  at  the 
nose,  etc.,  in  hypertrophy  of  the  left  ventricle.  ( Vide  p.  180.) 

Here  belong  also  the  “cohabitation-hmmorrhages”  described  by  Wernich  (Berl. 
klein.  Wschr. , 1873,  No.  9),  which  occur  during  coition,  from  the  peculiarly  con- 
structed vascular  apparatus  of  the  uterine  cervix. 

Also  vicarious  hemorrhages,  especially  from  the  nasal  mucous  mem- 
brane, more  rarely  from  ulcers,  etc.,  which  sometimes  regularly,  sometimes 
irregularly  occur  in  the  absence  of  menstruation,  are  classed  under  this 
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head. 

Finally,  from  this  cause  arise  most  of  the  haemorrhages  which  appear  in 
the  course  of  inflammations,  as  well  those  in  common  acute  inflammations 
as  of  all  mucous  membranes,  lungs  and  nerve  centres,  as  the  haemorrhages 
in  capillary  and  large  embolisms  (from  endocarditis),  as  well  as  chiefly  in 
metastatic  abscesses:  collateral  hemorrhages. 

4.  Changes  in  the  walls  of  the  vessels  and  in  the  blood  at  the 

SAME  time  : H.-EMORRHAGic  DIATHESIS,  i.e.,  a condition  in  which,  in  the  most 
different  localities,  luemorrhages  occur  without  increased  vascular  excite- 
ment or  stagnation. 

The  hajmorrhagic  diathesis  forms  the  chief  force  in  true  scurvy,  in  dis- 
eases characterized  by  extravasations  of  blood  (purpura  simplex , peliosis 
rheumabica , morbus  mandosus  WcrlhojU),  in  the  bleeding  sickness  (haemo- 
philia). It  also  sometimes  occurs  in  typhoid  fever,  small-pox,  scarlet  fever, 
measles ; seldom  in  all  the  other  diseases  with  high  temperatures,  which 
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then  are  very  dangerous ; in  some  contagio-miasmatic  diseases,  as  yellow 
fever,  cholera,  the  plague  ; in  septicaemia ; in  the  severe  forms  of  jaundice, 
dependent  or  not  on  disease  of  the  liver;  in  acute  poisoning  by  phosphorus 
and  the  mineral  acids,  during  the  extended  use  of  mercury,  in  alcoholism  ; 
in  many  cases  of  Bright’s  disease ; in  many  diseases  of  the  spleen,  especially 
leueocythajmia  ; sometimes  in  chlorosis  with  amenorrhcea,  etc. 

The  immediate  cause  of  hemorrhage  in  the  hmmorrhagic  diathesis  is  still  unknown. 
Experiments  by  Gaspard,  Stich,  Virchow.  O.  Weber,  etc.,  ou  putrid  infection  of 
the  blood,  show  that  here  true  chemical  substances  are  the  causes  of  hemorrhages ; 
according  to  Weber,  probably  sulphuretted  hydrogen  and  suiphuret  of  ammonia. 
Prcbsak  (Strickkr.  Hi 'ener  Sitegxb. , 18(17,  LVL)  observed  an  abundant  exit  of  red 
blood-corpuscles  through  the  uninjured  capillary-wall  in  frogs,  peril  a [is  also  in  rabbits, 
into  which  he  had  injected  a large  quantity  of  a solution  of  common  salt.  This  was 
the  first  certain  demonstration  of  the  independence  of  snch  haemorrhages  from  blood- 
pressure,  but  through  blood-changes  of  a chemical  character  (or  of  the  vessel-wall  ?). 
Coiinhkim  (Die  etnbol,  Proe.,  1872,  p.  2(5)  could  not  verify  these  experiments.  See 
several  caseH  reported  by  the  author  (Arch.  d.  HciUc. , 18(19,  X.,  p.  1127).  (See  also 
the  so-called  acute  fatty -degeneration. ) 

A haemorrhagic  diathesis  may  have  its  origin  in  a long  use  of  the  mineral  acids.  The 
effect  of  iodine  in  some  individuals  is  peculiar,  in  that  it  gives  rise  sometimes  to 
exanthemata,  sometimes  to  haemorrhages. 

In  a case  of  purpura  simplex,  Griesinokr  found  in  places  where  tightly  bound 
garters  hail  exercised  a pressure,  almost  no  purpura  spots,  and  founded  thereon  a 
therapeusis  consisting  in  bandaging,  etc.  (.IrcA.  <1.  Jlcilk.,  IV.,  p.  888). 

Hemorrhages  are  not  infrequently  dependent  upon  the  simultaneous 
action  of  two  or  more  of  THE  causes  named.  Thus,  «.(/.,  bronchial 
hiemorrhages  from  changes  in  the  vessel-wall  and  from  dilatation  of  the 
vessels  actively  or  passively  (congestions  from  tubercular  deposits,  etc.). 

Many  organs  exhibit  a stronger  predisposition  to  haemorrhages  than 
others,  because  of  the  pliability  of  the  surrounding  parts  ; <’  (/.,  many  parts 
of  the  subcutaneous  cellular  tissue,  of  the  submucous  tissue.  The  same  is 
true  oi  the  brain,  lungs,  spleen,  in  which  organs  every  intense  inflam- 
mation is  followed  by  very  numerous  extravasations:  red  softening  of  the 
brain,  red  hepatization  of  the  lungs,  owe  color  and  name  to  this  predisposi- 
tion. Other  parts  frequently  become  the  seat  of  haemorrhages,  only  be- 
cause they  are  more  exposed  to  injurious  influences,  as  the  nasal  mucous 
membrane  (mechanical  influences,  more  frequently  changes  in  atmospheric 
temperature),  that  of  the  rectum  (mechanical  influences),  that  of  the  con- 
junctiva, etc. 

Siuee  the  causes  mentioned  belong  unequally  to  various  ages,  the  old  opinion  can 
rightly  be  maintained,  that  the  head  in  children,  the  thorax  in  youth,  the  abdomen  in 
later  age,  most  frequently  furnish  the  causes  for  hemorrhages. 

The  anatomical  changes  in  the  bleeding  vessels  themselves,  as 

WKI.L  AS  OF  THE  TISSUES  AND  ORGAN'S  AT  THE  SEAT  OF  HEMORRHAGE, 
differ,  especially  with  the  character  of  the  bleeding  vessels,  with  the  size 
of  the  hiemovrhage,  with  the  time  since  which  it  occurred,  ami  with  the 
kind  of  tissue  and  organ  which  is  the  seat  of  the  hemorrhage. 

I lmt  which  first  of  all  concerns  the  bleeding  vessels  themselves  is  that 
HIE  GREATER  number  OF  HEMORRHAGES  ( EASE  OF  themselves.  The  chief 
causes  of  this  SPONTANEOUS  BLOOD-ARREST  are,  fil-st  of  all,  COAGULATION  OF 
tiik  blood,  which  appears  as  soon  as  the  blood  leaves  the  vessels.  The 
influence  of  the  connective  tissue,  especially  of  young  new-formutions ; the 
piesence  of  foreign  bodies,  among  which  blood -coagula  also  belongs;  the 
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action  of  certain  secretions  (synovia,  saliva),  and  of  pus,  hastens  coagula- 
tion. Besides,  the  spontaneous  retraction  ani>  contraction  of  the 
vessels,  which  appears  in  the  smaller  arteries  rich  in  muscular  tissue, 
longitudinal  and  trtins  verse,  and  is  a consequence  partly  of  the  removal  of 
tension,  partly  of  the  traumatic  irritation;  the  resulting  tine  plaiting  of  the 
inner  surface  increases  the  points  of  deposit  for  blood-coagulation.  Tiie 
surrounding  tissues,  at  first  by  their  serous  or  cellular  infiltration,  later 
by  their  contraction,  cause  closure  of  the  bleeding  vessels,  and  thus  an 
arrest  of  the  blood,  especially  if  they,  like  the  skin,  scrotal  sue,  labia,  main- 
line, uterus,  are  rich  in  contractile  tissue,  especially  in  organic  muscles; 
while  rigid  tissues,  like  spongy  bones,  tightly  stretched  fascia;,  etc.,  favor 
the  continuation  of  haemorrhage.  The  decrease  of  blood-pressure  in 
great  losses  of  blood  increases  the  absorption,  causes  a quicker  influx  of 
lymph  through  the  thoracic  duct,  and  thereby  a more  abundant  en- 
trance of  colorless  blood-corpuscles  into  the  blood,  and  assists  also  in  increas- 
ing the  coagulability  of  the  blood.  Finally,  repeated  haemorrhages  heighten 
the  coagulability  of  the  blood : in  haemorrhages  the  last  portions  of  blood 
coagulate  almost  instantaneously  after  the  flow. 

Some  circumstances  prevent  or  render  difficult  the  stopping  of 
the  blood's  flow.  Thus  longitudinal  wounds  and  incomplete  transverse 
wounds  of  the  vessels,  because  the  contraction  of  the  muscles  only  dilates 
the  wounds,  and  retraction  of  the  vessel  is  rendered  impossible.  Ha-mor- 
rhages  in  parts  which  are  dependent  cease  with  greater  difficulty  than  in 
those  otherwise  situated  (luemorrhages  of  the  legs,  rectum) ; strong  mus- 
cular movements  promote  bleeding  (known  means  of  assistance  in  venesec- 
tion). In  like  manner  pressure  acts  upon  one  or  more  of  the  veins  belong- 
ing to  the  same  vascular  region;  also  violent  expiratory  acts,  especially  in 
crying,  coughing,  sneezing.  Likewise  warmth  exerts  an  influence,  in  that 
it  relaxes  the  vessels. 

The  FINAL  closure  OF  bleeding  VESSELS  follows  upon  the  formation  of  a 
ooagulum,  which  fills  the  wounded  vessel  as  far  as  the  nearest  collateral 
branch,  and  which,  within  a few  weeks,  grows  pale,  becomes  firmer,  and  is 
intimately  attached  to  the  vessel-wall : it  organizes.  This  takes  place  in 
the  same  way  as  in  thrombosis  of  another  kind  (see  p.  191).  Connective 
tissue-fibres  and  vessels  are  formed,  which  first  appear  in  communication 
with  the  vessel’s  wall,  later  with  the  channel  of  the  wounded  vessel. 


The  MANNER  OF  HEALING  OF  BLEEDING  PARTS  OF  THE  CIRCULATORY  SYSTEM  is 
of  high  theoretical,  and  especially  of  practical  interest.  Haemorrhages  from  the 
heart,  great  ARTERIES,  and  great  veins  are  mostly  followed  by  very  quick  death : 
in  very  rare  cases  a permanent  cure  takes  place  after  small  ruptures  ot  th<‘  heart  in 
adhesive  pericarditis,  and  in  laceration  of  the  internal  and  middle  coats  of  the  aorta, 
with  effusion  of  blood  under  the  adventitia.  Healing  of  the  wounds  of  the  re- 
maining arteries  differs  with  the  size  of  the  artery,  and  with  size  and  character  of  the 
wound.  After  complete  section  or  laceration  of  small  or  medium  sized  arteries  in  a 
healthy  state,  the  middle  coat,  which  is  firmly  connected  with  the  inner  coat,  strongly 
contracts  transversely,  and  recedes  within  the  external  coat,  with  which  it  is  loosely 
connected  ; a thrombus  forms  between  the  point  of  severance  and  the  nearest  branch 
above  or  below,  which  thrombus  adheres  to  the  vessel-wall,  and  in  the  course  of  time 
continues  to  shrink.  Completely  severed  arteries  of  large  size  likewise  contract,  but 
for  the  most  part  not  so  completely  that  the  haemorrhage  is  arrested  ; this  happens 
sometimes  at  least  temporarily,  from  a weakness  of  the  heart’s  contractions  through 
loss  of  blood  and  even  faintness.  Wounds  of  arteries  which  do  not  affect  their  whole 
circumference,  differ  in  their  effects  with  the  size  of  wounds.  Small  penetrating 
wounds  mostly  give  rise  to  small  thrombosis  at  the  point  of  injury,  as  well  as  in  the 
tissue  immediately  surrounding  it,  and  thereby  healing.  Large  wounds  which  affect 
only  a part  of  the  vessel,  cause  a strong  transverse  and  longitudinal  contraction  or 
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the  wall*  especially  of  the  middle  coat,  which  enlarges  the  wound,  and  which  finally 
can  heal  only  through  the  formation  of  a thrombosis  of  the  surrounding  tissue,  and 
of  the  artery  itself  as  far  as  the  next  collateral  branch.  H.kmokkiiagks  from 
sm\i  i vi.  ins.  and  from  THOSE  of  m EDI  cm  SIZE  usually  oease  through  collapse  of 
the  central  and  peripheral  extremities  of  the  veins,  after  coagulation  of  the  blood  as 
far  as  the  nearest  valve,  or  the  nearest  collateral  branch,  and  through  the  adhesion  of 
tiie  venous  walls ; pressure  of  the  surrounding  parts  assists  in  the  arrest,  except  when 
the  latter  are  inflexible  or  indurated.  H.emokrHAOES  FROM  THE  CAI‘1  LEARIES  are 
controlled  partly  through  coagulation  of  the  blood,  partly  by  pressure  through  con- 
traction of  the  surrounding  parts. 

Consult  also  Biksiadecki  ( Tagebl.  d.  N»turf.- 1 ers.,  is. 2,  p.  217). 

The  healing  of  wounds  of  vessels  is  of  especial  surgical  interest  in  ligature 
of  vessels.  " At  the  point  of  ligature  there  occurs  a suppurative  dissolution  or 
necrosis  of  the  adventitia  (the  internal  and  middle  coats  are  cut  through  by  the 
ligature  and  retract!,  and  eventually  a simultaneous  solution  of  the  surrounding 
tissues:  then  the  ligature  falls  olf.  * This  takes  place,  according  to  the  size  of  the 
vessel,  in  from  three  to  twenty-six  days,  it  occurs  too  early,  if  before  the  thrombus 
has  become  organized  and  shrinks,  as  in  diseased  arteries,  or  if  suppuration  even 
appears  in  the  thrombus,  or  if  the  thrombus  is  too  short  (if  large  branches  are  given 
off  immediately  above  the  point  at  which  the  ligature  was  applied)  ; thus  giving  rise 
to  so-called  SECONDARY  HEMORRHAGE. 

KLKBS  describes  as  septic,  or  tertiary  lia.>morrhagcs  those  dependent  on  the  penetra- 
tion of  his  mirrotporon  into  the  arteries  or  veins.  ( I hI<  PYAEMIA.) 


The  fate  of  the  ligature  after  ligation  of  the  arteries  in  their  continuity  is  essen- 
tially the  same  as  after  ligation  of  the:r  divided  extremity,  as  in  amputations ; 
except  that  a coagulum  is  formed  as  far  as  the  nearest  collateral  branch  above  and 
below  the  ligature.  Immediately  thereafter  the  vessels  above  and  below  the  ligated 
artery  dilate  and  introduce  the  COLLATERAL  CIRCULATION.  This  is  followed,  always 
in  the  small  arteries,  almost  always  in  those  of  medium  size,  and  often  even  in  those 
of  large  size  (carotid,  crural,  subclavian),  by  a sufficient  supply  of  blood  to  the  part 
beyond ; the  tem{*erature  of  the  part  remains  normal,  or  is  lowered  for  a few  hours 
only ; all  the  functions  remain  unaffected.  Proport  ionately  rare  are  disturbances 
arising  from:  ischaemia,  when  the  collateral  circulation  is  only  incompletely  formed  ; 
sometimes  venous  congestions,  in  consequence  of  lessened  >•£»  (i  tergo / sometimes 
collateral  hypenemiae,  when  the  collateral  circulation  has  been  established  too  quickly 


and  too  freely. 

The  rapidity  of  the  formation  of  the  collateral  circulation  after  ligation  of  arteries 
in  their  continuity,  is  shown  by  the  following  results  from  experiments  made  in  a 


large  fleshy  .log  by  O.  We  he  it : 

Blood-pressure  of  crural  in  free  circulation 02-73  mm. 

“ •*  after  ligation  at  central  end 72— •'A  “ 


“ periph.  end  immediately.  30-31) 

One-half  hour  later. . .to  44  “ 


Recent  haemorrhages  INTO  tissues  behave  in  accordance  with  the  size 
of  the  hiemorrhage,  the  kind  of  tissue  involved,  etc. 

If  the  haemorrhages  ARE  very  SMALL,  numerous  red  and  isolated  white 
blood-corpuscles,  alone  or  at  the  same  time  with  fibrin  in  molecular  or 
reticulated  form,  are  found  in  the  tissues  either  within  the  natural  spaces 
of  the  connective-tissue,  especially  also  in  the  radicles  of  the  lymphatics,  or 
between  the  separated  elements  of  the  tissue  (epithelial  cells,  gland-cells, 
connective-tissue  bundles).  In  these  cases  the  blood-corpuscles,  at  least  the 
red,  may  penetrate  into  the  interior  of  cells,  whence  the  cells  containing 
blood-corpuscles  arise,  as  well  from  the  contractile  cells  of  connective 
tissue,  etc.,  as  from  epithelial  (oral  cavity,  oesophagus,  bladder,  intestines, 
lungs),  from  glandular  cells  (spleen,  liver),  from  cellular  new-fo  filiations 
(carcinoma).  It  is  hardly  possible  to  draw  the  line  between  normal  and 
pathological  cells  containing  blood -corpuscles : in  the  spleen,  bone-marrow, 
ependyma  of  the  cerebral  ventricles,  their  occurrence  is  as  frequent  us  their 
absence. 


The  author  (Arch.  d.  II,  ilk .,  1808.  IX.,  p.  497;  1809,  X.,  p.  337)  has  accurately 
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described  many  fonns  of  such  small,  epithelial  haemorrhages  in  man.  See  also  the 
chapter  on  pigment-metamorphosis. 

4 

When  the  hemorrhages  are  larger  and  affect  soft  tissues,  the  elements 
of  the  latter  are  then  often  separated  from  one  another  : a hamiorrhage 
under  the  surface,  especially  of  cuticular  organs,  is  called  haematoma  or  blood- 
hoil ; one  into  the  interior,  especially  of  parenchymatous  organs,  either 
simple  hemorrhage  (as  into  the  intermediate  space  of  torn  muscles,  broken 
hones)  or  haemorrhagic  infarction.  Or  the  tissues,  especially  in  arterial 
haemorrhages,  are  torn  : haemorrhagic  focus,  clot. 

Hematoma,  blood-tumor  or  blood-boil,  forms  a tumor-shaped,  some- 
times more  globular,  sometimes  flatter  accumulation  of  extravasated  fluid  or 
coagulated  blood,  and  of  various  sizes,  which  arises  from  different  causes 
(congestions,  etc.),  and  most  often  occupies  the  surface  of  extended  organs. 
Here  belong : the  blood-vesicles  of  the  skin,  which  arise  on  the  fingers  from 
bruising,  and  lie  in  the  so-called  stratum  lucidum ; similar  haemorrhages 
there,  or  in  the  stratified  epithelium  of  the  mucous  membranes  in  morbus 
mnculosus,  etc.  ; besides,  the  so-called  blood-boils  in  the  subcutaneous  con- 
nective tissue,  haematoma  of  the  vulva  in  the  tissues  of  the  labia,  polypoid 
hsematoma  of  the  uterus  at  the  point  of  insertion  of  the  placenta,  cephalcn 
haematoma  between  the  cranial  bones  and  pericranium,  otlnematoma  between 
the  aural  cartilages  and  perichondrium,  haematoma  of  the  dura  mater  between 
the  newly-formed  layers  on  its  inner  surface.  To  haematomata  belong  also 
the  false  or  traumatic  aneurisms  : haematomata  are  distinguished  as  diffuse, 
and  as  encapsuled  or  circumscribed. 

The  origin  of  othematoma  is  easily  explained,  according  to  L.  Meyer  (Med. 
Ctrlbl 1804,  No.  55),  by  the  fact  that  the  reticular  cartilage  of  the  ear,  in  all  ages, 
always  contains  vessels.  Others,  especially  Guddhn  ( Virrh.  Arch .,  LI.,  p.  457),  dis- 
pute this.  Flesh-moles,  so-called,  arise  from  numerous  effusions  of  blood  into  the 
tissue  of  the  placenta.  IIematomata  of  the  placenta  all  proceed,  according  to 
Gierse  and  H.  Meckel,  from  blood-coagula.  The  youngest  haematomata  appear  to 
arise  only  in  the  uterine  portions  of  the  placenta.  According  to  Klebs  the  effusion 
of  blood  at  first  takes  place  only  in  the  lymph-spaces  of  the  placenta. 

Hemorrhagic  infarctions  form  a rounded  or  wedge-shaped,  not  tumor- 
shaped, central  or  peripheral,  circumscribed,  dark  or  black  red,  dense  masses 
of  effused  blood,  which  are  of  different  sizes,  and  on  section  present  a uni- 
form or  granular  appearance.  Under  the  microscope  blood-corpuscles  and 
fibrin  are  found,  not  only  in  the  normal  cavities  of  the  organ  (alveoli  of  the 
lungs,  urinary  canal,  etc.),  but  also  between  the  tissue-elements;  the  latter 
are  usually  not  at  all  torn  or  only  partly  so,  for  the  most  part  merely  sep- 
arated from  one  another.  (See  also  p.  217.) 

Hemorrhagic  foci  show  a portion  of  varying  size  of  a tissue  or 
organ,  oftenest  the  brain,  torn  and  blood  effused  into  the  rent;  the  blood 
is  seldom  fluid,  mostly  coagulated  and  peripherioally  containing  fragments  of 
tissue.  In  rare  cases  the  fibrin  coagulates  in  the  periphery,  and  forms  a 
kind  of  capsule  around  the  remaining  part  of  the  extravasation. 

These  all  (hiemorrhagic  infarction,  etc.)  merge  into  one  another. 

The  tissues  in  the  vicinity  of  recent  haemorrhages  are  seldom  normal, 
mostly  reddish  or  yellowish  through  diffusion  of  the  coloring  matter  of  the 
blood,  or  through  filling  of  the  lymphatics  with  blood,  or  through  true 
hypersemia;  frequently  they  are  also  ceclematous.  The  surrounding  tissues 
are  even  compressed  in  greater  extravasations,  as  in  closed  cavities,  some- 
times in  greater  extension. 
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In  all  these  cases  the  torn  vessel  itself  is  almost  never  found.  It  is  most 
frequently  found  when  vessels  of  medium  size,  or  aneurisms  of  small  vessels 
burst,  in  capillary  cerebral  hemorrhages,  when  the  small  white  points  in 
the  centre  of  the  extravasation  are  the  torn  (arterial)  vessels. 

When  a h.emorrhage  into  a tissue  has  taken  place,  in  organs  rich  in 
lymphatic  vessels,  a part  of  the  blood,  which  at  the  time  of  the  haemorrhage 
was  forced  into  these  vessels,  is  driven  still  farther  on — a process  which  in 
the  lungs  and  kidneys  it  is  easy  to  observe.  In  very  small  haemorrhages, 
as  in  those  per  diapedetin , etc.,  all  the  extra vasated  blood-corpuscles  may 
in  this  manner  be  removed.  In  the  remaining  cases,  however,  all  or  nearly 
all  the  blood  remains,  and  here  becomes  farther  changed. 

Orth  ( Virrh.  Arch .,  1S73,  LVI.,  p.  269)  found  in  a case  of  traumatic  haemor- 
rhage of  the  lower  extremity  an  inguinal  gland  of  the  size  of  a plum,  dark  red,  fixed  ; 
its  lymph-vessels  were  filled  with  blood-corpuscles,  as  well  as  the  glandular  paren- 
chyma, the  lymph-corpuscles  ot  which  were  entirely  wanting. 

The  changes  WHICH  extrav ABATED  blood  undkugoes  are:  most  fre- 
quently resorption,  at  first  of  the  serum,  then  of  the  remaining  constitu- 
ents. The  latter  are  seldom  absorbed  before  the  appearance  of  coagulation, 
as  in  cephalhematoma  of  the  new-born,  etc.  Resorption  appears  mostly  only 
after  coagulation,  'i'll is  becomes  possible  by  simple  solution  of  the  fibrin 
and  transformation  of  the  white  blood-corpuscles  into  albuminous  and  fatty 
detritus.  To  this  perhaps  also  is  added  a serous  exudation  from  the  sur- 
rounding vessels.  Resorption  of  the  red  blood-corpuscles,  according  to 
some,  is  accomplished  by  their  entrance  in  toto  into  the  interior  of  surround- 
ing cells,  and  there  undergoing  farther  change;  according  to  others,  on  the 
other  hand,  by  the  transformation  of  their  pigment  at  the  place  of  extrava- 
sation into  granular  or  crystalline  hsernatoidin  (vile  Pigmentary  Metamor- 
phosis). In  most  of  the  larger  haemorrhages  with  more  or  less  laceration 
of  the  tissues,  a complete  restitution  of  the  latter  never  takes  place. 

A drying-up  and  final  wearing  off  of  the  bloody  effusion  occurs  in  small 
Inematomata,  which  occupy  the  epithelial  layers  of  the  skin  (blood-blisters) 
or  mucous  membranes  provided  with  laminated  epithelium  ( oesophagus, 
bladder). 

A cheesy  metamorphosis  of  the  blood-coag  ulum  occurs  sometimes  in  the 
interior  of  normal  tissues,  especially  of  the  lungs  and  spleen,  as  well  as 
within  largo  vascular  uew-formations  (many  cancers,  especially  of  the 
kidneys). 

More  rarely  there  occurs  calcification,  as  well  as  amyloid  degeneration 
of  the  coagulum. 

Only  rarely  it  softens,  sometimes  with  consecutive  suppuration.  This 
happens  in  large  open  wounds  of  the  surface,  also  (after  considerable 
bruises)  in  the  interior  especially  of  the  extremities,  rarely  in  the  cavities 
of  the  joints,  in  mucous  membranes,  and  lung-tissues. 

Many  cases  of  so-called  brown  softening  of  the  oesophagus  and  stomach  are  depend- 
ent upon  haemorrhagic  infarction  with  consecutive  solution  hv  the  contents  of  the 
stomach  (Author.  .IreA.  d.  Heilk .,  1867,  VIII.,  p.  404.  Hoffmann.  Yirch.  Arch. 
tSOO,  XL1V.,  p.  352). 

Sometimes  the  effused  blood  liecomes  putrid  in  consequence  of  the  con- 
tact ot  air,  in  haemorrhages  of  the  surface  of  the  body  and  of  the  lungs,  or 
from  cont  ict  with  the  secretions  (urine,  faeces).  Similar  changes  may  then 
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extend  to  the  surrounding  tissues  and  become  the  causes  of  gangrene  or  of 
septicaemia. 

Should  life  continue  for  weeks  and  longer  after  the  occurrence  of  extra- 
vasation, still  farther  transformations  appear  in  the  latter  itself,  and  in  the 
tissues  immediately  adjacent  to  it.  These  changes  consist  in  the  organiza- 
tion of  the  effused  blood,  and  in  an  analogous  tissue- formation  in  the  sur- 
rounding parts.  Examples  of  this  are  furnished  by  tissues  of  almost  every 
kind,  especially  the  subcutaneous  cellular  tissue,  muscles,  bones,  lungs,  brain. 
Organization  of  the  whole  mass  of  effused  blood  is  comparatively  rare,  and 
has  been  recognized  with  certainty  in  only  a few  places:  in  tenotomy,  in 
cuts  and  bruises  of  the  muscles,  in  fibrous  polypi  of  the  uterus,  in  many 
cerebral  haemorrhages  connective  tissue  thus  has  its  origin,  while  in  fracture 
of  bones,  in  cephalhematoma,  etc.,  osseous  tissue  is  formed.  Much  more  fre- 
quently the  periphery  only  of  the  effused  blood  is  organized,  while  its  central 
portion  liquefies  and  is  wholly  or  partially  absorbed:  apoplectic  cysts  and 
indurations.  Not  infrequently  the  tissues  in  immediate  contact  with  the 
extravasation  in  part  maintain  their  integrity  and  become  in  part  absorbed, 
so  that  generally  a regularly  rounded  space  is  formed,  the  inner  surface  of 
which  becomes,  through  the  organization  above-mentioned,  smooth  and 
dense:  so-called  apople  tic  cyst.  This  is  filled  at  first  with  a pultaceous 
mass,  later  with  serum.  Its  internal  surface  is  often  of  a yellow  color  from 
pigment-change,  red  or  blackish,  but  always  without  epithelial  lining. 
Cysts  of  this  kind  almost  always  continue  to  exist.  Apoplectic  cicatrices 
have  for  the  most  part  an  immediate  origin,  rarely  after  previous  formation 
of  cysts.  These  cicatrices  represent  an  irregularly  shaped  fissure,  whose 
walls  are  indurated  and  are  in  immediate  contact  with  one  another,  or  are 
separated  by  pigment. 

The  changes  which  appear  in  tissues  surrounding  old  ilemorrhagic 
collections  are,  besides  the  pigmentation,  connective  tissue  or  osseous  new- 
formations,  and  the  amemia  and  hypemmia  already  mentioned : inflamma- 
tion, suppuration  {absces  henuitiques),  gangrene,  atrophy  of  essential  tissue- 
elements. 

Hemorrhages  into  pre-existing  cavities  and  canals  behave  in  a quite 
simple  manner. 

In  hseinorrhages  into  serous  cavities  the  blood  is  not  rarely  entirely 
absorbed : thus  in  traumatic  hsematothorax,  haunatocele.  Otherwise  the 
above-mentioned  metamorphoses  set  in,  especially  pigmentary  metamorpho- 
sis of  the  corpuscles,  and  drying  or  softening  of  the  fibrin.  Larger  haunor- 
rhages  are  sometimes  followed  by  suppurative  inflammation.  The  blood 
freely  effused  into  the  pelvic  cavity  in  peri-  or  retro-uterine  hsematooele  is 
reabsorbed,  or  encapsuled  through  a reactive  peritonitis,  or  it  suppurates. 

The  blood  effused  upon  mucous  membranes  does  not  long  remain  where 
extravasated,  but  is  removed  in  various  ways.  The  mucous  membrane 
itself  often  shows  no  changes  worthy  of  notice.  Here  it  is  to  be  observed 
that  the  point  at  which,  in  the  dead  body,  the  blood  is  found  does  not 
always  correspond  with  the  proper  seat  of  the  hajmorrhage : in  gastric 
htemorrhages  the  stomach  is  sometimes  empty,  while  the  small  and  large 
intestines  contain  blood  in  large  quantity ; in  haemorrhages  from  one  lung 
blood  is  not  infrequently  found  in  the  bronchi  and  alveoli  of  this,  as  well 
as  in  those  of  the  other  lung,  or  blood  in  the  stomach,  etc.  But  if  the 
blood  is  not  removed,  it  suffers  the  same  changes,  as  in  parenchyma,  and 
serous  cavities.  Especially  important  in  this  connection  are  the  hsemor- 
rlmges  from  the  bronchi  and  bronchiectases  in  other  normal  bronchi  and 
alveoli  of  the  same  lobe  or  of  that  of  the  other  lung : the  removal  of  the 
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Kioo.1  being  prevented  by  various  circumstances,  the  blood  here  dries  up 
and  deprives  the  parts  of  air,  but  gives  rise  also  to  new  catarrhs  and  mhl- 
triu  ions ; or  it  putrefies,  as  in  ulcerous  bronchiectasis,  and  may  thus  be 
followed'  by  gangrene  of  the  surrounding  tissue. 

1 r mu.vv  tVirrh  Arch  LI.  p.  562)  found  iu  artificial  pulmonary 
Fran.  IJ  2JS.(Jnl  ,|og<  lint  the  blood  M to  » bronchial  luemorrhag. 
teTftawtoe6nt?U™S^to“  the  alveoli,  that  after  12  boon,  coagala  are  uo 
1 "^=o»« 

fo™,  o,  cavcnia  tote 

-sh«  t&srt  siss^-ras:  aTSssoE? « 

^^"nS^tepte..  to.  of  the  after  birth,  through  »W«UO» 

macula  lo  the  footrudtog  thrombi  of  the  |»rt  .her.  tb.  placenta  »“  “• J“* 

!2S  LactimL  .luring  on  othenrin 

ii  round  tumor  into  the  uterine  cavity.  (Krwtscu,  Scanzoni,  \ nu  , 
sky,  Ki.ob,  PhaNKKL.) 

Hemorrhages  into  the  larger  gland-ducts  act  in  general  Hke  thosc  on 
mucous  membranes;  those  into  the  smaller,  e.ff.,  sweat-glands,  distend 
them  and  cause  small  tumors  similar  to  ha  matomata. 

SYMPTOMS  AND  CONSEQUENCES  OK  H.EM0RHHAGE8. 

Tho  symptoms  of  hemorrhage  depend  partly  upon  the  kind  of  hemor- 
rhage, partly  on  its  size,  partly  on  its  location,  partly  on  the  changes 

within  the  extravasation.  . , _ 1 r 

External  hemorrhages  are  easily  recognized.  In  wounds  of  external 

parts  (of  the  body  and  of  the  extremities)  the  blood  flows,  with  the  excep- 
tion of  rare  cases  (aneurhma  xpurium  and  a.  varxcosum)  immediately  to  the 
surface.  From  the  mucous  membranes,  out  of  the  glands  and  ducts,  the 
blood,  wholly  or  in  part,  (lows  immediately  to  the  exterior,  e.g ., , from  the 
nose,  mouth!  vagina,  urethra.  Or,  the  effused  blood  itself  by  irritation  n- 
dnoes  acts  which  remove  the  blood:  bloody  expectoration,  bloody  vomiting, 
bloody  urination,  bloody  uterine  flow,  bloody  stools.  , . 

The  blood  of  hemorrhage  is  either  pure;  or  it  is  mixed  with  the  oonten  . 
of  the  channels  through  which  it  passes  to  the  exterior,  with  excrement, 
urine  .mucus,  gastric  juice,  air.  In  general  it  is  cleaner  tie  31(5*nl 
haemorrhage  is  to  the  opening  of  the  cavities.  By  the  wunt  it  m ouii  s 
very  dilute,  especially  if  it  is  already  mixed  with  it  in  the  kn  nt  .'s»  ’-v 
gastric  juice  it  is  colored  brownish  or  black;  by  the  vagina  stent  ion,  is 
coagulation  is  prevented.  Rarely  does  it  come  to  the  extei  n»r  in  a ui 
Btate,  but  mostly  coagulated,  in  large  lumps,  or  (in  the  intestine)  in  cium 
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bling  masses,  or  in  peculiar  shapes  corresponding  to  the  locality  of  the 
hsernorrhagp  (e.g.,  uterus,  ureters). 

The  Oil  A HALT  E It  OK  TIIK  HAEMORRHAGE,  i.e.,  THE  QUESTION  WHETHER  A 
H.EMOKRHAGE  PROCEEDS  FROM  AN  ARTERY  OR  VEIN  OR  FROM  THE  CAPILLARIES, 
is,  in  many  cases  even  of  external  hemorrhages,  with  difficulty  and  some- 
times not  at  all  to  be  determined.  As  to  whether  an  artery  or  vein  is 
the  cause  of  a haemorrhage,  the  following  are,  with  respect  to  fresh  exter- 
nal injuries,  some  of  the  considerations:  the  anatomical  position  of  the 
vessels;  the  thickness  of  the  vessel-wall  (but  arteries  are  on  account  of  the 
anomalies  of  their  course  not  always  equally  thick ; the  wall  of  veins  may  be 
thickened  by  chronic  inflammation);  the  color  of  the  blood  (but  in  deep  nar- 
cosis from  chloroform  arterial  blood  resembles  venous  blood ; in  the  simul- 
taneous wounding  of  neighboring  arteries  and  veins  both  kinds  of  blood  are 
mixed);  the  nature  of  the  blood-stream  ; in  wounds  of  large  arteries  and  those 
of  medium  size  the  stream  increases  correspondingly  with  the  heart’s  impulse 
and  especially  with  expiration,  while  in  small  arteries  it  is  quite  regular;  the 
blood  flows  from  the  veins  in  a tolerably  regular  stream,  in  the  cervical 
veins  more  strongly  during  expiration  (but  in  high  fevers,  as  well  as  when 
the  veins  at  the  point  of  injury  are  immediately  bound  to  an  artery,  the 
venous  stream  also  shows,  of  course  weak,  pulsation.  In  deep,  narrow 
wounds,  however,  all  the  above  mentioned  characters,  as  well  as  the  direction 
of  the  wound,  are  not  to  be  depended  upon.  To  establish  the  diagnosis 
compression  of  the  larger  vessels  immediately  above  the  wound  is  employed ; 
generally,  haemorrhage  from  an  artery  thereby  ceases,  while  that  from  a 
vein  is  by  the  same  means  increased.  Also,  the  quantity  of  blood  lost 
during  a given  time  is  much  greater  from  an  artery  than  from  a vein.  In 
PARENCHYMATOUS  HAEMORRHAGES  a great  quantity  of  mixed  blood,  i.e.,  of 
arterial  and  venous  blood,  is  poured  out  in  a comparatively  shor  t time ; 
the  blood  streams  forth  from  numberless  openings  as  from  a sponge  or 
watering  spout.  They  occur  as  well  in  normal  tissues  (corpora  cavernosa, 
spongy  bones,  eyelids,  tongue,  after  cuts,  lacerations  and  bruises),  as  in  now- 
formations  (vascular  tumors,  vascular  sarcomata  and  cancers,  fungous  gran- 
ulations). In  CAPILLARY  Haemorrhages  the  quantity  of  dark  blood  effused 
is  comparatively  scanty. 

i hemorrhages  into  the  tissue  of  flat  organs  are  to  be  recognized  only  upon 
the  skin  and  the  neighboring  mucous  membranes  (conjunctiva,  nose,  mouth, 
pharynx,  etc.),  the  blood  appears  through  the  surface  with  a bright  or  dark- 
red  color,  according  to  the  quantity  of  the  extravasation.  The  skin  or 
mucous  membrane  is  not  thereby  raised ; or  it  forms  a diffuse  or  circum- 
scribed tumor  (luematoma).  Larger  hemorrhages  under  the  periosteum  de- 
termine an  insufficient  nourishment  of  the  surface  of  bones.  Larger 
haemorrhages  into  the  decidua  serotiua  are  always  followed  by  abortion, 
etc. 

In  internal  Haemorrhages  the  question  from  which  kind  of  vessels  the 
blood  flows  is  usually  of  little  consequence.  The  color  of  arterial  blood  is 
bright  red,  of  venous  blood  dark  red ; but  arterial  blood  stagnant  in  the 
body,  as  well  as  the  blood  in  asphyxia,  in  deep  chloroform  narcosis,  soon 
becomes  dark  red  ; venous  blood  becomes  bright  red  in  the  air,  and  so  the 
color  cannot  be  relied  on.  Besides,  most  luemorrhages  are  not  of  one  pure 
kind  of  blood,  but,  since  they  often  proceed  from  the  capillaries  of  the 
parenchyma,  are  mixed.  The  blood  coming  from  the  air-passages  and  lungs 
possesses  an  alkaline  reaction,  that  from  the  stomach  an  acid  one. 

Sometimes  the  cavity  into  which  the  haemorrhage  occurs  becomes  dis- 
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tended,  to  a sweater  or  less  extent,  by  the  accumulation  of  blood,  as  most 
frequently  happens  in  the  uterus,  stomach,  and  bladder. 

Disorders  of  function  may  arise  from  obstructions  of  canals;  anuria 
from  obstruction  of  the  urethra;  dyspnoea  from  obstruction  of  the  larynx 
and  drawing  of  blood  during  inspiration  into  the  tine  bronchi  and  alveoli  of 
the  lung,  etc.  Those  hemorrhages  more  rarely  remain  latent,  in  which  the 
blood  accumulates  in  quantities  in  the  cavities  above  mentioned  (stomach, 
uterus).  Small  effusions  of  blood  are  then  altogether  latent;  the  large  are 
recognizable  only  from  their  consequent  disorders  of  function  (nausea,  vom- 
iting, etc.). 

Like  external  haemorrhages,  the  internal  ones,  the  blood  of  which  flows 
to  the  exterior,  are  of  interest  only  with  respect  to  the  quantity  of  blood 
lost. 

Hemorrhages  into  parenchymata  are  altogether  more  dangerous  than 
those  upon  free  surfaces,  because  in  the  former  the  blood  prevented 
from  flowing  away  exerts  its  influence  by  pressure,  etc.  ; haemorrhages  into 
the  parenchyma,  which  cannot  extend,  or  only  to  a slightly,  as  in  the  brain 
and  spinal  cord,  are  more  dangerous  and  have  more  symptoms  than  those 
into  organs  where  extension  is  possible,  as  into  the  lungs,  liver,  and  spleen. 
Haemorrhages  into  the  brain  and  spinal  cord  give  rise  to  symptoms  which 
differ  with  the  site  of  the  haemorrhage  (walls  of  the  lateral  ventricles,  cen- 
tre of  the  pons,  cortical  substance,  etc.)  ; therefrom  frequently  result  par- 
alyses of  muscles,  paralyses  of  sensation,  etc. 

The  degree  of  danger  to  the  whole  organism  is  in  great  part  dependent 
upon  the  quantity  ok  blood  poured  out,  which  is  sometimes  very  small, 
sometimes  reaches  many  jammls,  and  nj>on  the  time  in  which  the  single  or 
repeated  haemorrhages  takes  place.  Hemorrhage  is  followed  by  a sudden 
or  very  quick  death  (rapture  of  the  heart,  of  large  aneurisms,  etc.)  in 
adults  when  as  much  as  five  pounds  of  blood,  in  the  new-born  when  a few 
ounces  have  been  lost.  Or,  paleness  of  the  skin  ami  visible  mucous  mem- 
branes, pointing  of  the  nose,  weakness,  feeble  voice,  small  soft  pulse,  nausea, 
cold  sweat,  dusky  complexion,  vertigo,  shaking  or  convulsions,  fainting, 
are  the  immediate  symptoms  which,  within  a few  hours,  are  followed  bv 
death  (external  haemorrhages,  ha-morrhages  in  the  puerperal  staff-,  gastric 
and  intestinal  haemorrhages,  etc.),  or  in  comparatively  rare  cases  by  recov- 
ery. Fainting  appears  in  adults  when  the  loss  of  blood  occurs  suddenly  or 
quickly,  and  to  the  amount  of  about  one  |>ound.  Ixmg  continuing,  or  fre- 
quently returning  small  haemorrhages,  besides  causing  the  last-named  symp- 
toms, especially  fainting,  give  rise  to  hydra-mia  and  dropsy  (bleeding  from 
the  nose,  from  the  female  genitals,  urinary  bladder,  rectum,  etc.,  especially 
in  cancer  of  these  parts ; haemorrhages  into  various  tissues  in  scorbutus, 
etc.;  intestinal  haunorrhages  from  the  anchglostomum  duwlenalc).  Inter- 
nal  haemorrhages  ot  considerable  amount  are  usually  to  be  diagnosed  from 
the  symptoms  mentioned,  (vide  General  Anaemia.) 

A favorable  influence  is  often  exercised  on  existing  orgasm  by 
small  or  moderately  large  local  haemorrhages  : thus  bleeding  at  the  nose,  in 
hypera-naia  of  the  head,  besides  in  many  febrile  diseases ; or  in  congestions : 
thus  the  hmmorrhoidal  bleedings.  In  general,  also,  the  effect  of  vicarious 
hemorrhages  is  usually  favorable,  e.g.,  from  the  nose,  from  an  ulcer  on  the 
foot  in  delayed  menstruation. 


Tlie  diagnosis  op  HAEKOBRHAnE  is  in  most  cases,  when  the  Mood  does  not  nj>|«-ar 
to  view,  as,  e.g.,  in  haemorrhagic  infarctions  of  the  lungs,  very  difficult  to  establish, 
or  it  is  impossible,  except  when  a very  large  extravasation  occurs  in  a very  short 
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time.  The  quickness  of  the  appearance  of  the  symptoms,  the  preceding  amt  present 
morbid  conditions  of  other  organs  (heart,  vessels),  the  influence  upon  the  general 
state  (anosmia,  etc.),  must  enter  into  the  formation  of  the  diagnosis. 

The  DIAGNOSIS  OF  external  li.KMouKii  auk  is  frequently  not  to  be  made  with 
safety  without  the  assistance  of  microscopical  or  chemical  methods  of  examination, 
especially  since  the  blood  is  often  mixed  with  other  substances,  and  since,  besides, 
the  sick  are  affected  by  illusions,  or  practice  intended  simulation. 

If  the  substance  for  examination  be  fluid,  preferably  a part  from  the  territory  of 
the  vessel  involved,  it  should  be  subjected  to  microscopical  examination.  If  it  be 
dry  or  fixed  (blood  stains),  it  should  be  brought  in  contact  with  one  or  two  drops  of 
water  for  a quarter  to  a half  hour.  Then  red  and  colorless  blood-globules  and  coagu- 
lated fibrin  are  to  be  sought  for.  The  red  corpuscles  do  not,  for  the  most  part,  long 
retain  their  condition  in  liquids  not  alkaline.  In  the  dried  state  they  are  easily  lost 
in  soaking  the  blood  spots,  but  again  appear  in  concentrated  alkaline  solutions.  To 
look  for  colorless  blood-corpuscles  and  fibrinous  coagula  in  the  examination  of  the 
liquids  in  question,  is  mostly  of  no  moment,  but  in  blood-stains  it  is  of  the  highest 
value. 

Only  when  microscopical  examination  does  not  or  not  clearly  demonstrate  blood- 
corpuscles,  are  CHEMICAL  processes  to  be  resorted  to.  If  the  mass  in  question 
contains  an  abundance  of  fat,  the  latter  is  separated  by  alcohol  or  ether.  Then  the 
mass  is  heated,  whereby  the  albuminous  substances,  almost  always  at  the  same  time 
present,  are  coagulated,  and  at  the  same  time  separated  with  the  haematin.  The 
dried  residue  is  treated  with  alcohol  containing  a few  drops  of  sulphuric  or  muriatic 
acid.  If  haamatiu  be  present,  the  solution  will  be  reddish,  and  after  evaporation 
will  leave  behind  a brownish  mass.  This  is  soluble  in  caustic  potassa  and  carbonate 
of  potash,  soda  and  ammonia  ; insoluble  in  weak  acids,  and  after  incineration  fur- 
nishes a brownish-yellow  ash,  rich  in  iron.  Or.  a small  part  of  the  substance  should 
be  boiled  from  one-half  to  one  minute,  with  three  to  ten  times  its  quantity  of  acetic 
acid,  and  enough  common  salt  to  cover  the  point  of  a small  kuife.  At  first  the  liquid 
is  colored  a dark  gray,  and  appears  muddy;  but  soon  it  becomes  clear,  and  lets  fall  a 
very  small  quantity  of  insoluble  substance  (haem in).  This  under  the  microscope 
appears  as  dark-brown  or  black  rhombic  tables  (ILKMIN  crystals),  which  are  not 
affected,  or  very  little,  by  the  different  reagents. 

Whether  the  blood  is  human,  or  belongs  to  other  mammals,  cunnot  be  determined. 
When  red  blood -corpuscles  of  oval  form  are  found,  as,  e.g. , in  many  simulated  cases 
of  bloody  expectoration  and  vomiting,  they  are  known  as  belonging  to  the  blood  of 
birds,  or  amphibia. 


APPENDIX. 

LYMPHORUIIAGIA. 

Lymphorriiagia  is  a term  used  to  express  tlie  flow  of  lymph  out  of  its 
natural  channels,  the  lymphatic  vessels,  on  account  of  wounds  or  diseases  of 
those  vessels.  The  extravasated  lymph  flows  either  into  the  surrounding 
tissues,  or  upon  a free  surface.  The  latter  occurs  either  outward  (lymph- 
fistula*)  or  into  internal  canals.  In  this  manner  is  formed  chylous  urine, 
which  results  from  an  effusion  of  lymph  into  the  urinary  tracts. 

• 

The  farther  consideration  of  this  subject  belongs  to  special  pathology.  With  respect 
to  chylous  urine,  consult  especially  Curler  aud  Carter.  In  a case  observed  by 
myself  there  was.  from  time  to  time,  besides  chylous  urine,  an  evacuation  of  coagula 
as  long  and  as  thick  as  the  finger,  consisting  exclusively  of  fibrin  and  colorless  cor- 
puscles. 


5.  DROPSY. 


((EDEMA  AND  ANASARCA.) 


Lower,  Tract,  dc  eorde,  1669.— Willis,  Opera  amnia,  1681.— Hales.  Statik  dea 
O Milts,  1748.—  Louillaud,  Jo  urn.  de  physiol.,  1823,  III.,  p.  89.— Bright,  lup.  on 
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Med.  Cases.  1827;  Guy's  Hosp.  Rep..  1836.— Magendie.  Lee;,  sue  les  plienom.  phys. 
(I,  i,,  vie.  1 837.  — Henle,  I Iuj' cl.  Journ.,  1840;  Ztschr.  f.  rat.  Med.,  1844.  I.;  IJdb. 
d.  rat.  Path..  II. — V IRC  now,  Virch.  Arch.,  1847,  I.,  p.  572;  JIandb.  d.  spec.  Path, 
u.  Tfier. , 1854,  I.,  pp.  46  et  182. — C.  Schmidt,  Ann.  d Chemie . 1848,  LXVI.,  p. 
342  ; Charade ristik  (L  epid.  Cholera.  1850,  p.  140. — Bernard,  Compt.  rend,  de  la 
sac.  (lebiol.,  1840,  I. — Abkille,  Traite  cits  hydropsies  et  de*  eystts,  1852. — Bec^ce- 
kei.  et  Rodieii,  Gaz.  inetl,  1852. — Miaehe,  Union  m d..  1852.  — Hoppe,  Virch. 
Arch..  18.56.  IX..  p 245,  XVI.,  p.  301.—  A.  Schmidt.  Arch.  f.  Atuit .,  Phys.,  etc., 
1861,  pp.  545  et  675  ; 1802,  pp.  428  et  533.  — Tomsa.  Sitzber.  d.  Wien.  Acad..  1862, 
p.  185. — Ludwig,  Oesterr.  Ja/trb .,  1803,  p.  35. — O.  Weber,  JIdb.  d.  Chir. , 1805,  I., 

p.  102. 


Dropsy  is  the  morbid  accumulation  of  a fluid  more  or  less  like  the  blood- 
serum  and  lymph  in  the  parenchyma  of  the  tissues  and  organs,  or  in  closed 
serous  cavities.  It  is  dependent  chiefly  on  disorders  of  the  circulation. 

If  dropsy  atfect  the  parenchyma,  it  is  called;  (edema  ((edematous  or 
dropsical  infiltration),  anasarca  or  hyposarca,  aqua  interrue.  If  it  affect 
closed  cavities:  dropsy,  free  dropsy,  hydropsy,  dropsy  of  cavities,  and  re- 
ceives special  names  from  the  cavities  affected : hydro-peritoneum,  ascites 
simply,  abdominal  dropsy  ; hydro-thorax,  dropsy  of  the  thoracic  cavity; 
hydro-pericardium,  dropsy  of  the  pericardium ; hydroeephal  us  externus 
and  h.  iuternus,  h.  centralis , hydrops  ccntriculorum,  external  and  internal 
dropsy  of  the  head;  hydrocele,  dropsy  of  the  scrotum;  hydrarthrosis, 
dropsy  of  the  joints;  hydrophthalmus,  dropsy  of  the  eye. 


Contrary  to  the  usual  custom  of  speaking,  liquid  effusion  into  the  cavities  of  the 
alveoli  of  the  lungs  is  traditionally  termed  pulmonary  oedema.  (Edema  of  the  glot- 
tis, so-called,  is  more  rarely  an  u'dematous.  more  frequently  a sero-purulent  infiltra- 
tion ; it  does  not  affect  the  glottis,  but  the  folds  of  mucous  membrane  ut  the  entrance 
to  the  larynx 


Dropsy  is  either  LOCAL  (dropsy  of  any  cavity,  o-derna  of  an  extremity), 
or  it  affects  more  or  less  the  whole  body  (general  dropsy). 

(Edema  * consists  in  a pathological  a<vi  relation  of  quantitatively  and 
qualitatively  changed  lymph  in  the  lymphatic  radicles,  also  in  other  spaces 
within  the  tissues  and  within  many  cellular  and  fibrous  elements.  This  is 
proven  by  experiment,  as  well  as  in  part  by  pathologico-an&tomical  exami- 
nations, and  in  most  cases  by  the  a'tiology. 

Experiment  demonstrates  that  transitions  occur  between  the  usual  con- 
dition of  tissues  and  oedema.  Also  that  in  animals  by  constricting  the  lips, 
etc.,  tedema  can  be  produced  and  the  liquid  be  removed  by  the  lymphatics. 


The  existence  of  spaces  between  tissue-elements  filled  with  a varying  quantity  of 
liquid,  furnishes  the  ground  of  explanation  not  merely  of  the  so-called  tonus  of  tis- 
sues free  from  muscles,  but  also  of  the  slight,  scarcely  recognizable  degrees  of  oede- 
ma: puffiness  of  the  face  after  night- watching,  etc. 

In  the  living  animal  oedema  passes  away  by  the  lymphatics.  If  a ligature  be 
applied  to  the  upper  lip  of  a dog.  the  lip  will  become  very  cedematous ; if  the  liga- 
ture be  removed  the  lymph  will  flow  very  abundantly  from  the  opened  cervical 
vessels,  while  the  oedema  visibly  disappears.  If  the  lip  be  pressed  between  the  fin- 


* The  three  terms  DRotsy.  anasarca,  and  (EDEMA  are  used  in  French.  English,  and 
American  bookB  in  a somewhat  simpler  and  more  definite  manner  than  in  the  text. 
Dropsy  is  the  generic  term  ; anasarca  is  a generalized  dropsy ; oedema  a local 
dropsy. — [Ed.J 
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gera,  the  disappearance  of  the  oedema  and  the  lymph-current  will  he  simultaneously 
accelerated. 

Consult  the  experiments  relative  to  this  subject  by  Ludwig  and  his  pupils. 

The  unequal  disposition  of  different  parts  to  oedema  depends  partly  on  the  dif- 
ference in  circumstances  which  affect  the  passage  of  the  lymph  from  out  of  the 
radicles  into  the  main  branches.  This  latter  is  dependent  upon  the  elasticity  of  the 
walls  of  the  lymph-spaces,  their  muscular  character  and  the  degree  of  filling  of  the 
cells  and  glands  bordering  upon  them  ; and  too  upon  the  resistances  which  the  lymph 
meets  with,  thus  upon  the  dimensions  of  the  apertures,  the  height  of  the  column  of 
lymph,  and  the  glands  to  be  traversed.  The  skin  of  the  face  is  acted  upon  by 
muscles,  and  from  it  the  lymph  flows  downward ; the  skin  of  the  lower  extremities 
is  provided  with  few  muscles,  and  the  lymph  must  How  upward  and  through  many 
glands.  (Ludwig.) 

Pathologico-anatomical  investigations  likewise  prove  the  above- 
mentioned  connection  between  oedema  and  the  arrest  of  the  lymph-flow. 
(Edematous  infiltkation  affects  preferably  the  connective  tissue,  earliest 
and  most  strongly  the  areolar  tissue  (between  vessels,  muscles,  intestines), 
the  subcutaneous  connective  tissue,  the  submucous  tissue,  especially  that  of 
the  ankles,  eyelids,  male  genitals,  under  certain  circumstances  also  that  of 
the  uvula,  of  the  aryteno-epiglottic  ligaments,  etc. ; later  it  affects  the  firm 
connective  tissue  and  parts  consisting  of  it,  e.ff.,  the  piamater  of  the  brain 
and  spinal  cord,  and  mucous  membranes ; farther  on,  smooth  and  striated 
muscles,  nerve-tissue,  especially  the  brain,  glandular  organs,  as  the  lym- 
phatic glands,  liver,  kidneys.  (Edema  does  not  occur  in  firm,  iuextensible 
parts  (compact  substance  of  bone,  cartilage,  tendons). 

Concerning  the  amount  of  water  in  the  brain  in  typhoid  fever,  see  Bunn,  Z.  f. 
rat.  Med.,  1858,  IV.,  p.  804. 

Microscopical  examination  of  cedematous  parts  wholly  or  chiefly  con- 
sisting of  connective  tissue  shows  the  connective  tissue  fibres  separated  from 
one  another  to  a greater  or  less  extent  by  a liquid  sometimes  very  poor, 
sometimes  very  rich  in  lymph-corpuscles,  clear,  or  giving  with  alcohol  a 
molecular  coagulation.  The  fixed  connective  tissue  corpuscles  are  often 
large,  oval  or  flattened.  The  appearances  rarely  lead  to  the  inference  of  an 
undoubted  filling  of  the  lymphatic  capillaries.  For  the  most  part  only  the 
adventitia  of  the  vessels  are  much  distended  and  separated  from  the  vessels 
to  which  they  belong,  especially  in  the  mucous  membranes,  and  in  the  brain. 
Hence  the  connective-tissue  fibres  are  frequently  somewhat  clouded.  J he 
histological  relations  of  the  remaining  cedematous  tissues,  especially  of  those 
consisting  of  cells,  are  not  yet  sufficiently  known.  Epithelia  resist  for  a 
long  time  the  distention  of  their  bases,  until  they  for  the  most  part  undergo 
atrophy,  rarely  becoming  (edematous.  A similar  simple  atrophy  is  exhibited 
in  the  gland-cells  of  the  liver  and  kidneys.  In  the  fat-cells  the  fat  becomes 
more  and  more  scarce,  until  finally  the  cell-membrane  contains  only  the 
nucleus  and  serum. 

tV.  Young  ( Wien.  Siteysber.,  1808,  May)  examined  the  cedematous  skin  of  the 
scrotum,  finger,  knee,  the  lymphatics  of  which  he  had  injected  with  Prussian  blue. 
By  this  the  lymphatics  in  the  corium  were  found  to  consist  in  many  layers  of  a thick 
net-work,  and  in  the  upper  layers  of  the  corium  limited  by  epithelial  cells  alone,  in 
the  lower  layers  by  these  and  an  elastic  network.  In  the  upper  layers  of  the_  corium 
they  are  accompanied  here  and  there  by  one,  in  the  lower  layers  by  two  bloodvessels. 
Bloodvessels  ensheathed  within  lymphatics  have  not  been  observed  by  the  author. 
(Edematous  fluid  is  found  chiefly  in  spaces  through  which  pass  connective- tissue 
bundles,  isolated  connective-tissue  cells  and  fibres,  and  which  are  limited  not  by  a 
special  membrane,  but  by  one  formed  nearly  of  epithelium.  In  these  spaces  the  tree, 
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round,  oval  or  somewhat  spindle-shaped  cells  (migrating  or  exudation  cells)  are  found 
most  abundantly  near  the  bloodvessels. 

According  to  Ranviek  (Cornpt.  rend.,  10  July,  1871)  the  bundles  of  oedematous 
connective  tissue  are  after  15-20  hours  separated  from  one  another  by  a clear  serum  ; 
in  this  float  numerous  white  blood -corpuscles  with  amoeboid  movements.  The  fixed 
connective-tissue  cells,  which  in  the  normal  state  are  flat,  hyaline,  large  and  stretched 
on  the  surface  of  the  connective  tissue  bundles,  are  spherical  and  filled  with  strongly 
refractive  granules.  The  fat-cells  around  their  characteristic  fat-drops  show  similar 
6trorigly  refractive  granules,  resembling  a string  of  pearls.  The  capillaries,  like  the 
stnidl  veins  and  arteries,  are  distended  by  blood,  their  inner  surface  covered  with 
numerous  white  corpuscles.  The  granules  of  the  fixed  connective  tissue  cells,  like 
those  of  the  fat-calls,  are  round;  they  refract  the  light  more  strongly  than  albumi- 
nous, less  than  fatty  granules.  With  acetic  acid,  etc.,  they  become  smaller,  more 
strongly  refractive,  and  resemble  finely-divided  fat. 

Dropsy  of  serous  cavities  is  likewise  a pathological  collection  of  quan- 
titatively and  qualitatively  changed  liquid.  In  most  of  these  cavities  their 
communication  with  the  lymphatic  net-work,  and  the  taking  up  of  fluid  and 
solid  substances  into  the  latter,  has  been  experimentally  demonstrated.  (See 
p.  150.) 

Consult  particularly  RECKLINGHAUSEN,  DYBKOWSKY,  Ludwig,  and  Schweiqoer 
Seidel  (Ber.  d.  S.  Acad.,  18ti(S). 


The  serous  membranes  in  dropsy,  when  no  complication  (inflammation, 
etc.)  exists,  are  pale,  amemic,  cloudv,  thinned,  or  somewhat  thickened,  less 
elastic.  Their  endothelia  are  more  easily  separated,  often  increased  in  size, 
of  less  regular  form,  of  a finely  granular  appearance.  The  lymphatics  are 
not  infrequently  clearly  dilated.  The  tissue  of  the  serous  membranes  some- 
times exhibits  fatty  metamorphosis  of  its  cellular  elements,  otherwise 
nothing  abnormal.  The  muscular  tissue  surrounding  them  is  pale;  after  a 
longer  duration,  it  becomes  affected  by  simple  atrophy,  or  by  fatty  degen- 
eration. 

The  changes  in  the  brain -substance  about  the  ventricles  in  acute  hydrocephalus  are 
for  the  most  part  not  effect*  of  the  dropsy,  but  concomitant  effects  of  the  inflammn- 
tibn.  In  chronic  hydrocephalus,  externally  (oedema  of  the  pia-mnter)  as  well  as 
internally,  a diminution  is  observed  in  the  size  of  the  brain-mass  to  so  great  an  extent 
that  it  becomes  reduced  to  the  thinness  of  paper.  It  is  thereby  not  infrequently 
rendered  tinner.  Sometimes,  however,  softening  of  the  surrounding  brain -substance 
occurs,  which  perhaps  is  cadaverous  in  nature. 

Very  similar  to  dropsy,  but  to  he  distinguished  from  it.  are:  1.  FALSE  dropsies  or 
cysts,  which  result  from  closure  of  the  excretory  ducts  of  certain  glandular  organs, 
mucous  membranes,  or  di<ertie<dn  of  normal  mucous  membranes,  and  which,  after  a 
longer  time,  contain  only  a serous  or  sero- mucous  liquid  with  or  without  traces  of  the 
former  normal  contents  ; renal  dropsy  or  hydronephrosis;  dropsy  of  the  gall-bladder. 
Fallopian  tubes,  uterus,  vermiform  process,  lachrymal  sac;  the  cysts  arising  from 
closure  of  the  excretory  ducts  of  mucous  glands.  2.  watery  secretions  on  free 
surfaces,  especially  of  mucous  membranes,  e g.,  of  the  intestinal  canal  m many 
catarrhs  of  that  tube,  in  cholera,  etc.,  as  well  as  of  many  glands  ( e.g . of  the  salivary 
glands  in  salivation).  In  not  a few  cases,  during  life  as  well  as  after  death,  it  is  im- 
possible to  say  whether  the  secretion,  e.g.  of  a parenchyma  or  serous  cavity,  is  a 
tu  vnm  uation  (dropsical  liquid),  or  exudation  (see  inflamm  ation).  No  siiarfi.y- 
dekinki)  line  skfar.vtks  these  two.  The  liquid  of  blister-vesicles,  e.g. , is 
sometimes  analogous  only  to  blood-serum,  i.e.  relatively  rich  in  salts,  moderately 
albuminous,  but  very  poor  in  fibrinogenous  substance;  some  time,  on  the  other  hand', 
it  is  very  rich  in  albumen  and  projtortionately  so  in  fibrin.  The  tendency  of  the 
liquid  to  coagulate  increases  if  the  SAME  part  bo  subjected  to  a quick  succession  of 
blis te rings ; for  the  repeated  irritation  is  accompanied  by  more  extended  circulatory 
disturbances  than  a single  irritation.  (O.  Weiiek.) 
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Tlie  LIQUID  ill  DROPSY,  CEDEMA.TOUS  or  DROPSICAL  TRANSUDATION,  is  color- 
less or  light  yellow,  clear  and  transparent,  of  insipid  or  slightly  saltish 
taste,  with  an  alkaline,  very  rarely  with  an  acid  reaction,  and  with  a specific 
gravity  slightly  higher  than  that  of  blood-serum. 

Its  CHEMICAL  constituents  are: 

Water,  about  95  % ; thus  in  greater  quantity  here  than  in  blood-serum 
(which  contains  about  91^  of  water),  less  in  older  liquids. 

Albumen:  next  to  water  in  importance  in  most  dropsical  liquids;  in 
very  small  quantity  in  the  dropsical  liquids  of  the  brain  and  spinal  cord. 
Its  quantity  stands  generally  in  inverse  proportion  with  its  salts,  in  almost 
direct  ratio  w'itli  its  contained  fibrinogenous  substance.  In  greater  quan- 
tity it  is  the  cause  of  the  viscidity  or  frothiness  of  the  liquid. 

C.  Sciimidt  in  a case  of  Bright's  disease  found  2.8.V;  of  albumen  in  the  liquid  of 
the  pleura,  1.13,  of  it  in  that  of  the  peritoneum,  0.G-0.8;,'  in  that  of  the  cerebral 
meninges,  0.30',  in  that  of  the  subcutaneous  cellular  tissue.  If  also  these  quantities 
vary  in  different  cases,  the  proportion  of  the  albuminous  contents  of  the  transudates 
in  different  localities  in  the  same  individual  always  remains  the  same  (Hoppe,  1.  c. 
IX.,  p.  241  et  258).  Besides,  Hoppe  (Deutsche  Ktinik,  1853.  p.  44;  Yirch.  Arch., 
XVI.,  p.  391)  found  for  the  most  part,  the  transudates  in  quickly  repeated  punctures 
less  albuminous;  more  rarely  ( Yirch.  Arch.,  IX.,  p.  240)  was  the  albumen  more 
abundant  in  the  second  puncture,  if  the  quantity  of  the  transudate  and  the  pressure 
had  increased.  IIoppe  found  in  oedema  of  the  feet,  free  from  blood-corpuscles,  only 
1.7  ( solid  ingredients  and  only  0.3,  of  albumen. 

The  quantity  of  albumen  is  dependent:  1.  Upon  the  capillary  system,  by  means 
of  which  transudation  takes  place  <C.  Schmidt);  2.  Upon  the  quickness  of  the 
blood-circulation,  so  that  the  transudate  is  rich  in  albumen  in  direct  ratio  with  the 
slowness  of  the  blood  circulation  in  the  capillaries  ( Lehmann)  : if  the  circulation  in 
the  abdominal  veins  be  considerably  retarded  by  large  tumors,  the  pressure  increases 
and  albumen  in  larger  quantities  will  be  found  in  the  transudate,  than  when  mechan- 
ical hindrances  of  less  importance,  as  e.g.  affections  of  the  liver  with  contraction  of 
the  parenchyma,  etc.,  are  the  occasion  of  a slower  venous  circulation  (less  elevation 
of  pressure) ; in  acute  hydrocephalus  the  quantity  of  albumen  is  greater  than  in  the 
chronic  form ; 3.  Upon  the  character  of  the  blood  ; the  poorer  the  blood  is  in  albu- 
men, as  eg.  in  Bright’s  disease,  so  much  the  loss  is  found  also  in  the  transudate; 
4.  Upon  the  duration  of  the  dropsy,  since  in  long  duration,  and  from  the  time  in 
which  the  pressure  of  the  transudate  and  that  of  the  blood  become  equalized,  salts 
and  water  return  into  the  blood,  whilst  the  albumen,  which  can  penetrate  through 
membrane  only  under  positive  pressure,  remains  behind  and  becomes  relatively  in- 
creased. (Hoppe.  ) 

The  mucous  consistence,  which  the  liquid  of  ovarian  dropsy  often  shows,  is  not 
dependent  upon  the  presence  of  mucin,  hut  upon  that  of  peculiar  albuminous  bodies 
(metalbumen  and  paralbumen  of  Scherer). 

Fibrin,  as  such,  i.e.  as  a combination  of  fibrinoplastic  ■with  fibrinogenic 
substance,  Uocculent  in  form,  or  as  a uniform  gelatinous  substance,  seldom 
occurs  in  dropsical  liquids.  Sometimes  it  is  secreted  only  after  long  stand- 
ing. But  all  transudates  contain,  for  the  most  part  proportional  to  the 
albuminous  contents,  therefore  in  very  small  quantity,  fibrinogenic  sub- 
stance. Fibrinogen  is  most  abundant  in  the  liquid  of  the  pericardium,  and 
of  hvdrocele.  It  is  not  secreted  in  solid  form,  because  the  fibrinoplastic 
substance  is  not  simultaneously  present  in  the  transudate.  The  latter  may, 
by  the  addition  of  blood,  almost  instantly  be  coagulated. 

ScnMiDT  has  examined  in  all  93  transudates  with  respect  to  their  fibriuosity:  12 
liquids  from  hydroceles,  42  from  the  pericardium,  15  from  the  pleura,  10  from  the 
peritoneum,  1 from  the  cerebral  cavities,  1 from  the  cellular  tissue  of  a new-bom 
child,  3 from  blisters.  1 from  a hygromatous  cyst,  1 from  a vesicle  by  cold,  1 as 
synovia  from  an  inflamed  knee-joint.  In  81  of  these  cases  coagulation  occurred 
through  contact  with  blood.  In  11  cases  coagulation  could  no  longer  he  produced. 
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Here,  however,  exhaustive  hremorrhag-es  within  the  body  had  previously  occurred  (in 
the  living  body,  or  in  the  dead  body,  so  that  the  serum  had  escaped  through  the  dead 
vascular  walls),  or  in  its  escape  during  life  or  during  the  autopsy  the  blood  had  in- 
duced coagulation.  The  greater  number  of  exceptional  eases  in  no  way  concern 
liquids  poor  in  fibrin  or  albumen  : these,  on  the  contrary,  were  concentrated,  but  came 
from  organs  which  before  death  had  suffered  from  inti  am  mat  ion.  Very  frequently, 
liquids  coagulate  spontaneously  after  their  escape  from  the  dead  body,  usually  after 
their  secretion  from  the  body  had  taken  place  ; they  do  not  appear  before  1-1 A hours, 
often  not  until  after  8-10  days. 

In  the  fluids  of  the  dead  body  coagulation  never  fails,  at  least  to  the  extent  of 
slight  cloudiness,  while  from  the  living  often  perfectly  clear  fibrinous  liquids  are 
taken,  which,  until  putrefaction  begins,  remain  free  from  all  spontaneous  coagula- 
tion. It  must  therefore  be  assumed,  that  in  the  dead  body  coagulation  takes  place 
because  of  the  slight  transudation  of  fibrinoplastic  substance  through  the  dead  vas- 
cular walls.  Coagulation  within  the  body  is  effected  by  the  blood-serum,  which 
trickles  through  the  vascular  walls,  in  lymphatic  dropsies  (Virciiow)  through  access 
of  blood  during  operations  or  already  accomplished  in  the  body. 

Punctures,  quickly  made  in  succession,  of  dropsical  serous  cavities  are  generally 
followed  by  an  increase  not  only  of  the  albuminous,  but  also  of  the  fibrinous  contents 
of  the  transudate  (see  p.  227s. 

According  to  Xainyn  (Dorp,  tried.  ZUrf,r..  1870,  I.,  p.  174),  the  transudates  in 
ovarian  cysts,  in  amyloid  degeneration,  also  those  of  the  peritoneum,  are  frequently 
perfectly  clear,  or  only  slightly  opalescent  and  not  viscous,  of  very  low  specific  grav- 
ity. coagulate  either  spontaneously  or  after  contact  with  fibrinoplastic  substance,  and, 
when  boiled  after  acidification,  do  or  do  not  let  fall  albun  en,  and  reduce  alkaline 
solutions  of  copper. 

Henlk  (JIdb.  d.Aruit.,  1871,  III.  B..  p.  812)  characterizes  the  subarachnoidal 
connective-tissue  bands  and  meshes  as  a physiologically  dropsical  connective  tissue. 
The  cerebro-spinal  fluid  approaches  chemically  most  nearly  the  liquid  of  (edematous 
connective  tissue : it  contains,  in  contrast  with  the  liquids  of  the  serous  cavities 
(pleura  aud  peritoneum)  few  solid  ingredients,  namely  little  albumen  and  no  fibrin- 
ogen. 

Extractive  matters,  in  varying,  for  the  most  part  proportionately 
large  quantity,  proportionate  to  the  age  of  the  dropsical  fluids,  sometimes 
amounting  to  4— 8.(>fi  of  the  albumen.  There  are  present  coloring  matters  of 
unknown  nature,  which  are  the  cause  of  the  different  coloring  of  the  liquid; 
sometimes  the  coloring  matter  of  the  blood  and  bile. 

Fats,  in  small  quantity  in  recent,  in  greater  quantity  in  old  dropsies; 
almost  constant  in  small  quantities,  often  in  very  large  quantities  in  dropsy 
of  the  scrotum. 

Urea,  uniformly  present,  in  large  quantity  in  Bright’s  disease. 

Lactic  acid  (iu  puerperal  fever),  and  uric  acid  are  not  infrequently  to 
be  recognized. 

Xanthin,  creatin,  and  creatiniu  are  occasionally  present. 

Biliary  salts,  as  well  as  the  coloring  matter  of  bile,  in  dropsy  through 
diseases  of  the  liver,  and  diseases  with  icterus. 

Sugar,  constant  in  diabetes  mellitus,  otherwise  rare. 

Soluble  salts,  especially  chloride  of  sodium,  besides  carbonates,  phos- 
phates, sulphates,  mostly  of  soda,  in  less  quantity,  of  potassa,  lime,  and 
magnesia,  are  always  found  in  almost  the  same  proportion  as  in  blood- 
serum,  in  quantity  proportionate  to  the  water  of  the  blood,  and  to  the  rich- 
ness of  the  transudate  in  albumen. 

In  Brights  disease,  the  quantity  of  salts  in  the  transudate  may  outweigh  that  of 
tbn  organic  material.  In  hydrocephalus,  phosphates  and  compounds  of  potassium 
prevail.  (C.  Schmidt.) 

Ammonia  occurs  in  transudations.  as  in  the  liquids  of  the  body,  at  the 
moBt  in  extremely  small  quantity. 
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Gases,  carbonic  acid,  oxygen,  and  nitrogen,  in  small  quantity. 

Normal  LYMPH  consists  of  a colorless  plasma  and  lymph-corpuscles,  as  well  as 
for  the  most  part  of  fine  oil-globules.  Plasma  contains  fibrinogen  and  fibrinoplaetic 
substance  (the  latter  in  less  quantity  than  the  blood),  as  well  as,  with  the  exception 
of  the  coloring  matter,  the  remaining  constituents  of  the  blood  : water,  salts,  albu- 
minates, protagon,  fats,  urea,  extractive  matters,  sugar. 

The  following  table  shows  the  COMPOSITION  ok  some  of  THE  TRANSUDATES,  in 
comparison  with  that  of  blood-plasma,  etc.  (O.  Weber,  1.  c.,  p.  215): 


Water. 

Solids. 

Albumen. 

Fibrin. 

SatU. 

Blood-plasma 

Blood-serum 

. . 001,51 
. . 007  00 

98,49 

93,40 

128,58 

81,92 
77,02 
68, 66 

8,00 

8,51 

9,45 

10,50 

Pus 

, . 871,50 

Secretion  of  wounds 

. 030,20 

00,80 

45,00 

traces 

8,90 

Liquid  of  blisters 

“ hydrocele 

. 932,98 
. . 940,08 

70,35 

59,02 

61,85 

49,88 

U 

8,39 

Pleural  transudate 

Pericardial  “ 

Peritoneal  “ 

Anasarca  “ 

Cerebro-spinal  fluid 

. . 945,15 
. 905,11 
. 902.07 
. 030.97 
. 980,36 

54,85 

34,80 

37,33 

19,03 

13,64 

20,74 

20,15 

17,91 

18,37 

3,10 

0,00 

8,17 

8,11 

8.22 

8,35 

The  fluid  from  the  hip-joint  in  a case  of  arthritis  deformans  contained  23,2  mucin, 
20,!)  albuminous  material,  8,8  inorganic  matter,  042,7  water  (Hoppe-Seyleb,  Virch. 
Arch.,  1872,  LV.,  p.  253). 

The  MICROSCOPIC  ELEMENTS  of  transudates  are  very  few.  The  only 
elements  which  are  essential  ancl  constant,  but  in  variable  quantity,  are 
the  lymph-corpuscles,  Hy  the  more  recent  knowledge  of  their  circulation 
(see  ]>.  152),  and  of  the  pathogenesis  of  dropsy  given  above,  their  constant 
occurrence,  as  well  in  oedema  as  in  dropsy,  is  easily  explained.  Endo- 
thelial cells  of  the  affected  serous  membranes,  sometimes  crystals  of 
ci  10 lest E iu N , etc.,  are  accidentally  present. 

Sometimes  the  dropsical  fluid  has  a THIN  MILKY  character,  especially  in  the  abdo- 
minal cavity  ; it  proceeds  either  from  a mixture  of  fat,  or  from  a peculiar  combina- 
tion of  albumen  (A.  Schmidt’s  molecular  fibrin).  Sometimes  the  character  of  the 
transudate  is  that  of  a thin  mucus. 

Causes  of  dropsy. 

The  causes  of  dropsy  in  general  are  always  changed  conditions  of 
CERTAIN  ORGANS,  or  of  the  BLOOD,  Or  of  BOTH  AT  THE  SAME  TIME.  The 
affected  organs,  particularly,  are  the  heart,  next  the  veins  and  lymphatics, 
the  kidneys,  the  lungs,  and  the  liver.  The  blood-clianges  consist  in  a 
diminution  of  albumen,  and  in  an  increase  of  water.  In  many  cases  of 
dropsy  the  blood-changes  are  dependent  upon  a predisposition,  while  a 
mechanical  CIRCUMSTANCE  determines  the  outbreak.  The  mechanical 
condition  consists  either  in  an  increased  abstraction  of  fluid  from  the 
blood,  or  in  an  absolute  or  i-elative  diminution  of  the  resorption  of  the 
excreted  liquids  not  used  in  cell-formation.  Increased  separation  of 
liquids  depends : either  upon  an  increase  of  local  blood-pressure  through 
arterial,  especially,  however,  through  venous  hypenemia  ; or,  upon  a dimi- 
nution of  the  tension  of  the  tissues  surrounding  the  capillaries  ( e.ff .,  by  * 
the  cupping-glass,  or  Junod’s  boot);  or,  upon  a relaxation  and  resulting 
greater  porosity  of  the  vascular  walls.  Diminished  resorption  is  dependent 
upon  an  increased  local  blood-pressure,  as  well  as  upon  the  character  of  the 
liquid. 
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With  respect  to  blood-changes,  the  dropsical  or  serous  crasis,  which  is  a conse- 
quence of  dropsy,  must  be  distinguished  from  the  primary  blood-changes  which  are 
the  cause  of  dropsy. 

Transudation  is  a FILTRATION  of  blood-serum  through  the  capillaries,  occurring 
under  increase  of  the  pressure  in  the  vascular  system.  All  the  truly  dissolved 
matters  of  the  blood,  as  salts,  fat.  urea,  pass  through  in  the  same  proportions  as 
they  occur  in  the  blood.  The  matters  not  in  true  solution  contained  in  the  blood, 
the  albumen  and  the  fibrinogenous  substance,  as  well  as  the  corpuscular  elements, 
pass  through  in  much  less  quantity.  Besides  filtration,  the  laws  of  DIFFUSION,  of  the 
interchange  of  fluids  through  membrane,  enter  into  consideration.  Out  of  the  blood 
salts  as  albuminates  are  much  sooner  diffused  into  the  fluids  of  the  tissues.  If  the 
surrounding  liquid  be  slightly  acid,  under  similar  conditions  and  in  the  same  time  less 
albumen  will  pass  through  the  membranes,  than  if  that  liquid  be  neutral  or  alkaline 
(Heynsius). 

1.  MECHANICAL  DROPSIES. 

They  arise  mostly  through  hindrance  to  the  return  current  of  venous 
blood  or  of  lymph,  less  often  through  active  hyperemia.  Their  starting- 
point  is  the  blood-  and  lymph-capillaries.  The  escape  of  water  is  IN  con- 
sequence of  the  ELEVATED  PRESSURE,  which  the  increased  vascular  con- 
tents exercise  upon  the  vascular  walls. 

Through  venous,  or  mechanical  hypkh.kmia  (see  p.  183)  arise  either 
local  (edemata,  or  dropsies  of  single  serous  cavities,  or  general  dropsies. 
According  to  the  older  view  simple  disturbances  of  circulation  were  suf- 
ficient to  produce  these  effects;  according  to  more  recent  investigations 
there  must  be  present,  at  the  same  time,  a paralysis  of  the  vaso  motor 
nerves. 

From  an  experiment  by  Ludwig  and  Tomka,  it  resulted  that  after  moderate  con- 
traction of  the  veins  of  the  plerut  pamjAn iform in  more  lymph  flowed  out  than  while 
the  venous  stream  was  unimpeded : the  increase  amounted  in  the  mean,  in  three 
auimals.  to  59  p.  ct.  of  the  quautity  of  lymph  which,  before  or  after  the  ligation, 
flowed  from  the  perfectly  free  plexus.  Wen;  the  veins  coursing  in  the  plexus  entirely 
closed,  so  that  the  blood-stream,  returning  from  out  of  the  testicle,  was  conducted 
into  small  efferent  branches,  then  the  increase  in  five  animals  amounted  in  the  mean 
to  :5.7  times  that  which  escaped  in  the  uncontracted  blood-stream.  Masse  (1.  c.)  found, 
during  periodical  compression  of  the  external  jugular  vein,  the  lymph-stream  in- 
creased 10-30  per  cent. 

Ban  VIE  It  ( Compt . rend.,  1861).  LXIX..  No.  2d)  has  again  experimentally  demon- 
strated the  correctness  of  the  theory  founded  on  Lower’s  experiment,  concerning 
the  origin  of  oedema  : ligation  of  the  inferior  vena  cava  within  the  thorax  is  a too 
great  operative  procedure ; that  of  the  jugular  veins  gave  II.  negative  results.  It. 
found  in  dogs,  whose  inferior  vena  cava  he  had  ligated,  that  oedema  of  the  lower 
extremities  appeared  only  when  the  ischiatic  n.  was  at  the  same  time  cut.  If  this 
nerve  was  cut  on  one  side,  oedema  appeared  only  on  that  side,  and  already  within  l-*3 
hours,  while  the  other  side  remained  free  : one  hour  after  the  section  swelling  mani- 
fested itself  about  the  tendo  nrhtili* ; one  hour  later  the  subcutaneous  connective 
tissue  was  slightly  infiltrated  ; 20  hours  afterward  the  whole  limb  was  cylindrical 
and  strongly  infiltrated  with  serum.  In  a dog.  which  was  not  killed,  the  oedema 
lasted  throe  days,  on  the  fourth  it  decreased,  on  the  fifth  it  bad  disappear!  d.  Sec- 
tion of  the  last  lumbar,  and  of  the  sacral  nerves  within  the  spinal  canal,  or  of  the 
spinal  cord  above  the  lumbur  swelling,  was  not  followed  by  these  results.  Hence  II. 
concluded  that  a PARALYSIS  of  the  vako-MOTor  nerves  (those  from  the  sympa- 
ttn  tic  lollow  the  course  of  the  sciatic)  mi  st  re  added  to  the  venous  stasis  in 

ORDER  TO  CAUSE  DROPSY. 

Loltz  (-drr/(.  (i,  tjm  Ph;/H.,  1871,  V..  p.  5:1)  found  that  in  a frog  deprived  of  its 

»ium  and  spinal  cord  he  did  not  succeed  by  transfusion  in  restoring  the  circulation, 
becuuse  the  liquid  (lowed  out  of  the  dilated  vascular  wall  as  if  through  a sieve  ; the 
M-in.s  were  widely  dilated  and  all  organs  were  covered  with  a free  liquid  of  a blood 
color.  Whether  this  increased  transudation  is  to  be  explained  by  the  thinner  wails 
or  In  the  loss  of  the  direct  influence  of  the  nerves,  is  questionable. 

Local  oslema  from  venous  hyperaauia,  mostly  with  dilatation  of  the  veins,  is  very 
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frequent,  and  affects  particularly  the  region  of  the  inferior  cava.  It  arises  after 
contraction  of  the  veins  from  external  pressure  (see  p.  184  ; in  this  we  have  also  the 
explanation  of  the  frequent  tumors  on  the  head  of  the  new-born),  or  during  the 
formation  of  cicatrices,  from  tissue-changes  in  the  venous  walls  (cancer),  from  venous 
coagula,  etc.  The  conditions  mentioned  give  rise  to  (Edema,  either  without  the 
assistance  of  farther  causes,  or  only  after  their  appearance  : manner  of  life,  unsuit- 
able clothing,  convalescence,  hydroemia,  chiefly.  Many,  especially  large  and  Vascular 
tumors,  act  not  only  mechanically  through  pressure,  but  also  by  extending  the 
course  of  the  blood  by  the  interpolation  of  a second  system  of  capillaries. 

Dropsies  of  SEROUS  cavities  arise  less  often  through  passive  hyperemia: 
hydrocele  through  phlebectasis  of  the  affected  vessels,  ascites  through  contraction  of 
the  trunk,  or  of  many  branches  of  the  portal  vein  ; internal  hydrocephalus  through 
tumors  at  the  base  of  the  brain,  which  compress  the  vena  magna  Gaieui , or  the 
straight  sinuses,  etc.  Dropsy  of  the  hernial  sac  also  has  this  origin. 

In  many  of  these  cases  the  appearance  of  dropsy  is  prevented  or  delayed  by  the 
formation  of  collateral  currents.  In  the  greatly  obstructed  passage  of  the  blood  of 
the  portal  vein  through  the  liver,  e.g. , in  cirrhosis  of  the  liver,  there  appears  first  of 
all  a dilatation  of  the  portal  vein  and  of  its  abdominal  roots;  afterward  a dilatation 
of  numerous  small  vessels,  by  means  of  which  the  portal  is  connected  with  the  caval 
system,  so  that  the  blood  of  the  portal  vein,  evading  the  liver,  reaches  the  vena  cava. 

General  dropsy,  from  venous  hyperaunia,  is  found  in  many  diseases  of  the 
heart,  because  of  the  obstruction  to  the  return  of  venous  blood  into  the  right  side  of 
the  heart.  Especially  do  chronic  peri-,  mvo-  and  endocarditis  here  enter  into  con- 
sideration, giving  rise  to  insufficiency  and  stenosis.  Dropsy  has  a direct  origin  in 
insufficiency  of  the  tricuspid  valve,  which  prevents  the  return  of  the  blood  from  the 
right  side  of  the  heart,  and  consequently  the  EXIT  of  the  blood  into  the  great  veins 
of  the  body  ; an  indirect  origin  in  insufficiency  of  the  mitral  valve,  which  gives  rise 
to  engorgements  in  the  lesser  circulation,  and  through  the  pulmonary  artery,  also  in 
the  right  side  of  the  heart  and  in  the  veins.  Still  more  indirect  is  the  effect  of  affec- 
tions of  the  aortic  valves:  dropsy  appears  quite  late  and  probably  only  through  the 
diminished  vis  a tergo. 

Arterial  iiyper.kmia  gives  rise  to  the  diagnostically  important  col- 
lateral cedema,  which  is  a result  of  increased  lateral  pressure  in  the  capil- 
lary vessels  (see  p.  180).  The  same  occurs  most  often  in  the  neighborhood 
of  inflamed  parts:  e.g.,  oedema  in  the  vicinity  of  erysipelas  and  pseudo- 
erysipelas  ; cedema  of  the  surface  of  the  trunk  and  of  the  extremities,  dur- 
ing the  presence  of  deep  abscesses ; oedema  of  the  prepuce  in  chancres  of 
the  part ; cedema  of  the  face  and  mouth  during  suppuration ; cedema 
glottidis  in  catarrh  and  ulcers  of  the  neighboring  parts  of  the  larynx;  sub- 
cutaneous cedema  of  half  of  the  thorax  during  pleural  empyema. 

The  influence  of  arterial  hyperaemia  upon  the  flow  of  lymph  is  not  so  constant  as 
that  of  liypertcmia  of  engorgement.  It  depends  upon  the  fact  that  through  the 
dilated  arteries  a larger  and  quicker  blood-current  flows  into  the  capillaries.  When 
Ludwig,  after  section  of  the  cervical  sympathetic,  compared  the  quantity  of  lymph 
obtained  with  that  previously  separated,  the  separation  iu  some  cases  was  found  not 
inconsiderably  hastened,  iu  others  this  result  was  not  obtained.  Redness  of  the  skin 
and  increased  lymph -formation  often  appear  together.  Swelling  of  the  leg  of  a 
frog  will  follow  the  dipping  of  its  foot  into  a strong  solution  of  common  salt  (Xutii- 
N A GEL) . 

According  to  Rindpleisch  ( Lehrb . d.  path.  Gewebd.,  1873,  p.  583),  effusions  in 
internal  hydrocephalus  do  not  proceed  from  changes  of  the  ependyma,  but  from 
strong  hyperaemia  of  the  normal  or  enlarged  papilla;  of  the  choroid  plexus. 

When  the  return  flow  of  lymph  is  prevented,  as  e.g.,  by  thrombosis 
of  the  lymphatics,  by  suppurative  or  carcinomatous  infiltration  of  their 
wall,  or  of  the  lymph-glands,  dropsies  rarely  occur : in  part  because  of  the 
extensive  anastomosis  of  the  lymphatics  at  their  origin,  in  part  because  a 
rise  in  the  pressure  under  which  the  parenchymatous  liquids  exist,  is  fol- 
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lowed  bv  increased  resorption  through  the  lymphatics,  in  part  because  tlio 
veins,  during  an  obstruction  of  the  lymph-flow,  perform  the  function  of  the 
lymphatics. 

According  to  MEDER  ( Ztxchr. . f.  rut.  Med.,  1860.  X.,  p.  323),  the  lymphatics  per- 
form no  act  of  resorption  after  ligation  of  the  aorta ; hut,  wherever  resorption  fol- 
lows, it  is  rendered  possible  by  the  bloodvessels,  which  are  given  off  above  the  point 
of  ligature  and  extend  so  far  downward  that  they  come  in  contact  with  the  liquid 
mechanically  diffused  upward. 

Voi.kmann  \IitH.  klin.  Wschr. . 1870,  No.  30  n.  82)  observed  in  sick  persons,  who 
on  account  of  traumatic  or  inflammatory  affections  were  compelled  for  weeks  or 
months  to  hold  a lower  extremity  immovably  in  an  extended  position,  frequent 
acute  or  chronic  hydrarthus  immediately  after  the  first  attempt  at  motion. 

A LOCAL  dropsy  is  quite  rarely  dependent  upon  the  lymphatics  alone.  In  a num- 
ber of  cases  attributed  to  this  relation,  there  is  found  a simultaneous  obstruction  of 
the  venous  circulation,  or  a change  in  the  lymph-glands,  as  is  a priori  probable  from 
the  near  relation  of  the  veins  and  great  lymphatics  on  the  flexor  side  of  the  extremi- 
ties (inguinal  region,  axillary  space,  etc.).  Other  cases  are,  without  safe  anatomical 
grounds,  referred  to  contraction  or  hitiainmstion  of  the  lymphatics : thus  elephan- 
tiasis, p/Uefftnuiui  nit  at  ihJcns.  epidemic  parotitis,  induration  of  the  connective  tissue 
in  the  new-born.  On  the  contrary,  the  lymphatics,  especially  the  retro  peritoneal 
and  inguinal,  are  in  most  cases  of  < edema  found  remarkably  dilated  and  tilled  to 
distention  with  clear  liquid  : this  does  not,  however,  so  much  demonstrate  their 
increased  activity,  as  the  opposite  (consequences  of  diminished  elasticity  and  ton- 
icity of  their  own  walls,  of  diminished  muscular  movement  in  the  extremities, 
respiratory  organs,  heart). 

Engorgement  ok  the  optic  papilla,  ophthalmologically  and  circumstantially, 
also  clinically,  important,  has  its  origin  most  frequently  in  an  increased  collection  of 
fluid  in  the  subvaginal  spaces,  i.e..  in  the  spaces  opening  directly  into  the  arach- 
noidal space  of  the  brain  between  the  outer  anil  inner  optic  sheaths.  (Exi*erimental 
and  clinical  investigations  of  Gkakke,  Man/,  and  others.  > 

Only  in  very  rare  cases  of  general  dropsy  was  it  dependent  upon  a closure  of  the 
thoracic  duct.  Wuisbero,  Schkrb,  Fr.  Nasse  observed  it  in  man,  Virchow  in  a 
new-born  calf.  Rather,  dropsy  in  narrowing  or  closure  of  the  thoracic  duct  not 
infrequently  is  entirely  absent  (Virchow,  Oppolzer,  and  others),  because  still 
other  inosculations  of  the  lymphatics  with  the  blood  stream  are  present. 

Diseases  ok  the  serous  membranes,  especially  thickening  of  them  after 
inflammation,  tuberculosis,  cancer,  give  rise  with  comparative  rareness  to 
dropsy  of  those  membranes,  yet  oftenest  in  the  tunica  vai/inalie  and  in  the 
knee-joint.  Dropsies  of  this  kind  pass  by  undetermined  limits  into  in- 
flammations with  serous  exudation. 

The  explanation  of  these  dropsies  becomes  easy  from  our  present  knowledge 
concerning  the  structure  of  serous  membranes.  And  yet  detailed  investigations  are 
still  wanting.  Those  dropsies  occur  either  in  such  a manner  that  beside  the  dis- 
eased serous  membranes  the  remainder  are  normal  (hydrocele,  hydrocephalu* 
interims  chronica*,  peritoneal  tuberculosis,  peritoneal  cancer),  or  so  that  the  other 
serous  cavities  contain  much  less  water  (most  frequent  in  higher  grades  of  hydro- 
pericardium). 

In  dropsies  arising  from  disease  ok  the  glands,  as  well  of  the  liver, 
spleen,  and  kidneys,  as  of  many  lymph-glands,  there  is  added  to  the  pure 
mechanical  condition  of  vascular  contraction  after  a longer  time  the  dys- 
crasic — hvdnemia.  The  mechanical  force  consists  in  contraction  of  the 
capillary  vessels,  small  arteries  and  veins.  This  is  dependent  above  all 
upon  degeneration  of  the  bloodvessels,  especially  the  lardaceous,  as  well  as 
upon  hypertrophy  and  cicatricial  contraction  of  the  connective-tissue  por- 
tion of  these  glands  with  simultaneous  atrophy  of  the  vessels  and  glandu- 
lar elements  (granular  liver,  granular  kidneys). 

Dropsies  and  (edema  ex  vacuo  occur  as  oedema  of  the  pia  mater  of  the 
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brain,  and  dropsy  of  the  cerebral  ventricles  in  general  and  partial  atrophy 
cd  the  brain,  as  quick  re-collection  of  fluid  in  a serous  cavity,  which  was 
dropsical,  after  evacuation  of  that  fluid,  as  hydropericardium  in  a diminu- 
tion of  the  size  of  one  or  of  both  lungs. 

2.  CACHECTIC  DROPSIES. 

These  arise  in  cohsequence  of  a cachexia,  hydraeniia,  i.e.,  of  a decrease 
of  the  albuminous,  and  increase  of  the  watery  contents  of  the  blood.  In 
reality,  they  occur  but  rarely  by  themselves,  whilst  in  most  cases  either 
simultaneously  and  from  like  cuuse  a mechanical  force  is  present,  or  whilst 
the  latter  arises  in  consequence  of  the  cachexia  and  is  the  special  cause  of 
the  serous  secretion.  (See  Hydrannia.) 

The  purest  cachectic  dropsies  are  those,  which,  continuing  for  a long 
time,  originate  in  conditions  connected  with  insufficient  nourishment 
and  digestion,  or  with  large  haemorrhages,  or  other  losses  in  other  ways  of 
albuminous  matters. 

Dropsy  in  consequence  of  insufficient  nourishment  (inanition)  is  very  rare. 
Perhaps  to  this  cause  are  due  those  cases,  which  in  years  of  famine  appear  epi- 
demically, f.g.,  in  1771  in  Eichsfekl  (Aran).  Virchow  observed  this  dropsy  neither 
in  the  epidemic  of  Upper  Silesia,  nor  during  the  famine  in  Spessart.  In  the 
bodies  of  individuals  who  have  died  of  cancer  of  the  (esophagus  or  stomach  with 
considerable  stenosis,  for  the  most  part  no  oedema  has  been  found,  at  the  most  very 
little  of  the  ankles,  marked  only  in  complications. 

In  convalescence,  especially  after  acute  diseases  of  long  duration, 
oedema  of  the  lower  extremities  appears  very  often,  if  ut  the  same  time  the 
nutritive  supply  is  insufficient,  or,  if  during  a full  supply  mechanical  forces, 
as  sitting  and  standing,  assist  ( hydrops  gravitativus). 

Haemorrhages  of  all  tissues,  if  they  are  at  once  profuse,  and  still  more 
if  they  often  recur  in  greater  or  less  quantity,  are  not  rarely  causes  of 
dropsy. 

Long  continuing  suppuration  of  the  skin  and  of  the  bones,  mucous 
discharges  from  the  nose,  intestine,  genitals,  suppurations  of  simple, 
dysenteric,  chronically  syphilitic,  tuberculous  and  cancerous  nature,  espe- 
cially of  the  mucous  membranes,  more  rarely  in  serous  membranes  (sup- 
purative exudations  of  the  pleura,  etc.),  and  in  parenchymata,  are  likewise 
not  infrequent  causes  of  dropsy, — frequent,  however,  with  simultaneous  fatty 
degeneration  of  the  vessels  of  the  large  glands. 

Albuminuria  is  one  of  the  most  frequent  causes  of  dropsy.  Its  general 
causes  are  not  yet  known:  it  can  have  its  origin  either  in  such  changes  of 
the  membranes  between  the  blood  and  the  urine,  that  they  permit  the 
albumen  of  the  blood  to  pass  over  into  the  urine  (increased  tension  in  the 
arterial,  or  engorgement  in  the  venous  system) ; or  it  has  its  origin  in 
changes  in  the  property  of  diffusion  of  the  albumen  of  the  blood.  Dropsy 
in  albuminuria  is  a consequence  of  the  thinning  of  the  blood-serum,  which 
again  is  dependent  partly  upon  the  loss  of  albumen,  partly  upon  the  accu- 
mulation of  water  in  the  blood. 

The  kidneys  have  a double  function : they  separate  the  specific  elements  of  the 
urine  from  the  blood,  and  they  are  the  regulators  of  the  watery  contents  of  the 
blood.  Through  disturbance  of  the  first  arises  uraemia,  through  that  of  the  second 
dropsy.  The  latter  is  met  with  most  regularly  and  largely  in  the  second  stage  of 
Bright's  disease,  less  often,  and  for  the  most  part  in  less  degree,  in  granular  kidney. 
In  the  former  the  quantity  of  albumen  may  reach  to  three  percent,  and  more,  which 
daily  amounts  to  twenty  grammes  and  over ; in  the  latter  it  is  very  much  less.  The 
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causes  of  albuminuria  in  granular  kidney  lie  in  the  very  high  blood-pressure: 
an i mid  membranes,  which  under  a moderate  pressure  of  liquid  are  impermeable  to 
albumen,  etc.,  let  small  quantities  of  it  pass  through  under  increase  of  the  pressure 
of  filtration.  In  the  second  stage  of  Bright’s  disease  albuminuria  is  probably  de- 
pendent npon  the  inflammatory  changes  of  the  uriniferous  tubules.  (BARTELS,  in 
Volkmann’s  Klin.  Yurtr .,  1871,  No.  25.) 

To  the  cachectic  dropsies  belong  also  those  of  scorbutus  and  conditions 
resembling  it,  which  latter  are  secondary  to  many  chronic  and  some  acute 
diseases;  besides  those  in  malarial  cachexia;  as  well  as  finally  those 
after  chronic  poisoning  with  arsenic,  etc. 

Dropsies  from  UNKNOWN  causes  are  found  after  taking  cold,  after  the 
quick  disappearance  of  cutaneous  eruptions  (acute  and  chronic),  after  quick 
healing  of  cutaneous  ulcers,  in  suppression  of  menstruation.  Many  of 
these  dropsies  are  of  congestive  origin. 

In  a number  of  these  cases  there  exist  perhaps  the  causes  of  dropsy  above-men- 
tioued,  and  the  latter  even  from  the  same  causes,  f'j-,  quick  healing  of  cutaneous 
ulcers,  suppression  of  menstruation,  and  haemorrhoids  (primary  dropsy).  At  other 
times  the  dropsy  is  dependent  upon  the  kidneys,  whilst  the  causes  of  disease,  e. g. , 
the  conUnjinm  of  scarlet-fever,  acts  not  only  upon  the  skin  and  throat,  but  also  upon 
the  kidneys. 

Not  more  certainly  known  is  the  pathogenesis  of  the  not  infrequently 
acute  dropsies,  appearing  especially  in  tropical  countries  (so-called  atmos- 
pheric dropsy).  Probably  these  also  are  for  the  most  part  of  congestive 
origin,  and  are  consequences  of  direct  or  reflex  nervous  influence,  perhaps 
sometimes  also  immediate  consequences  of  arrested  cutaneous  function. 


According  to  de  Hark  almost  the  whole  army  of  Charles  V.,  in  the  expedition 
against  Tunis,  became  dropsical  through  odd  drink  after  long  abstinence.  During 
the  more  recent  campaigns  of  the  French  in  Algiers,  oedema  not  infrequently 
apjieared  suddenly,  mostly  in  the  face,  neck,  fore  arms,  hands,  legs  and  feet,  which 
in  subsequent  continuous  wanner  weather  by  degrees  disappeared  of  itself.  Also  in 
the  natives  of  Africa  sometimes  sudden  and  very  large  ted*  ma  of  the  scrotum  arises, 
if  they  are  overtaken  by  the  rain  during  work. 

At  other  times  til ood- changes  are  simultaneously  present  : in  chlorosis  acnte  oedema 
of  those  parts  which  are  exposed  to  the  air;  cedoma  in  scorbutus ; oedema  in  snake- 
bite ; oedema  in  the  pregnant  also  without  albuminuria. 

in  our  own  region  also,  there  is  observed,  in  renal  diseases  already  present,  an 
influence  of  the  air  upon  the  origin  of  dropsical  swelling:  t.g.,  codema of  the  face 
in  Bright’s  disease,  which  is  exposed  to  the  air  at  the  usual  or  colder  teinjarature  ; 
likewise  oedema  of  the  face,  of  the  eye  lids,  of  the  neck  and  of  the  upper  part  of 
the  breast  in  the  chlorotic  from  like  causes,  with  for  the  most  part  quick  disappear- 
ance ((EDEMA  KUO  AX). 

The  causes  of  the  following  dropsies  are  likewise  unknown  : hydrops  *pa*ticv*  or 
hy*Uricn*  ; hydro] * paralytica*  (oedema  in  the  paralyzed  half  of  the  body);  hydro]* 
trrila finis,  as  a consequence  of  slight  irritations  of  the  skin,  which  at  other  times 
produce  only  parti:U  redness  ami  infiltration,  in  individuals  with  irritable  skin. 

Dropsy  of  the  face  was  seen  by  myself  in  a case  of  a child  four  years  old  after 
two  half-grain  powders  of  morphine:  it  disappeared  after  about  twelve  hours.  For 
days  thereafter  it  again  appeared  after  the  half  dose  and  had  an  equal  duration. 

I in:  causes  of  the  oedema  of  the  face  and  extremities  occurring  almost  constantly 
in  extensive  infection  with  thutiix.k,  lie,  according  to  Colhi.ro.  in  the  destruc- 
tion of  the  capillaries  of  the  muscles  iu  the  part  affected  by  the  wandering  trichin® 
and  the  tissue  surrounding  them  ; the  (edema  disappears  with  the  establishment  of 
the  new  capillary  net-work.  According  to  K lob  ( Ot*tr . Jakrb-,  lxfitl.  4.  u.  o.  Jl.,  j>  98), 
(edema  in  trichinosis  is  not  a consequence  of  collateral  hyperemia,  but  dependent 
either  ujkiu  lymph -thrombosis  of  the  finer  vessels,  or  u]>on  the  fact  that  the  triebin® 
make,  use  of  the  lymph  channels  for  their  wandering.  Besides  also  upon  the  fact 
tbut  the  muscular  co-operation  in  the  motion  of  the  lymph  is  destroyed  by  the 
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triehinous  affection  of  the  muscles  directly  at  one  time,  when  in  consequence  of  the 
irritation  of  the  tissues  transudation  is  increased. 

SYMPTOMS  OF  DROPSY. 

Symptoms  of  dropsical  infiltration.  The  oedema  tous  parts  are  en- 
larged,  paler,  more  or  less  translucent,  mostly  doughy  to  the  touch,  rarely 
harder.  The  skin,  or  mucous  membrane,  or  serous  membrane  covering  them 
is  smooth,  without  wrinkles,  lion-vascular,  thinned.  The  proper  warmth 
of  the  parts  is,  in  consequence  of  tho  retarded  circulation  of  the  skin, 
diminished.  The  parts  pit  under  pressure  by  the  finger,  as  well  as  from 
pressure  of  other  kinds,  e.g.,  by  the  clothing,  folds  of  bed-clothes,  etc.,  the 
usual  level  of  the  surface  being  slowly  regained. 

In  general  oedema  the  various  parts  of  the  body  are  oedemntous  always 
in  different  degrees.  The  oedema  affects  least,  in  the  usual  position  on  the 
back,  the  head  and  the  upper  and  anterior  halves  of  the  trunk;  more 
decidedly,  the  upper  extremities;  it  is  most  developed  in  the  lower  portion 
of  the  abdomen,  in  the  genitals,  and  lower  extremities.  In  local  (with  the 
exception  of  the  arterial  form)  as  well  as  in  general  oedema,  the  oedeinatous 
liquid  sinks  to  the  lowest  parts  of  the  body:  in  sitting,  into  the  legs ; in 
lying,  according  to  the  position  on  the  back  or  side. 

All  these  symptoms  are  intensified  in  proportion  to  the  length  of  time 
they  exist ; there  appear  also  disturbances  in  the  nutrition  of  the  parts,  as 
decrease  of  adipose  tissue,  diminution  of  the  gland-cells,  laceration  of  the 
vessels  and  even  of  the  skin  (false  cicatrices  of  the  abdomen  and  upper 
part  of  the  thigh). 

In  oedema,  still  other  disturbances  have  their  origin,  which  are  in  part 
general,  in  part  and  especially  local.  The  latter  are:  feelings  of  tension,  of 
weight,  which  are  intense  in  proportion  to  the  acuteness  of  the  oedema, 
deficient  suppleness  of  the  surrounding  tissues,  and  to  the  strength  and  sen- 
sitiveness of  the  individual;  feeling  of  weakness  in  the  muscles,  especially 
of  the  extremities,  diminished  contraction  of  striped  and  smooth  muscles; 
lessened  excretion  of  the  glands  of  the  skin  and  mucous  membranes,  in 
consequence  of  pressure,  anaemia,  etc.,  (dryness  of  the  skin  and  mucous 
membranes);  narrowing  of  the  openings  on  the  surface,  and  of  the  canals: 
of  the  mouth,  of  the  opening  of  the  eyelids,  of  the  termination  of  the 
xirethra  and  vagina,  of  the  throat,  entrance  to  the  larynx,  glottis.  Besides, 
there  arise  disturbances  of  nutrition  in  consequence  of  compression,  imbi- 
bition, maceration  (in  the  neighborhood  of  the  cerebral  ventricles?). 
Sometimes  it  leads  to  watery  effusion  through  the  pores  of  the  skin,  also 
to  laceration  of  the  tissues,  especially  of  the  skin  of  the  lower  extremities, 
sometimes  after  previous  formation  of  blisters  with  consequent  trickling 
out  of  water ; rarely  with  resulting  gangrene. 

The  symptoms  of  oedema  of  the  parencliymata  (brain,  glands),  as  well  as 
those  of  pulmonary  oedema,  consist  mostly  in  a very  slight  increase  of  their 
size,  because  this  is  usually  prevented  by  the  surrounding  structures 
(cranium,  capsule  of  the  liver,  etc.),  chiefly  in  diminished  or  altogether 
suppressed  functions. 

The  symptoms  of  free  dropsy  are  : increase  in  the  capacity  of  the 
cavities  in  proportion  to  the  yielding  of  their  walls  ( tunica  vaginalis , 
abdomen,  joints) ; a dull  or  empty  percussion  sound,  at  first  in  the  depend- 
ent parts,  with  changes  in  the  tone  corresponding  with  the  position  of  the 
person  affected  ; fluctuation  in  cavities  whose  walls  are  supple  and  little 
distended  ; succussion  of  cavities  containing  at  the  same  time  free  or  con- 
fined air ; diminished,  or  absent  auscultatory  symptoms  (lungs,  heart) ; 
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sometimes  the  position  of  the  patient  exerts  a great  influence  over  the 
greater  distinctness  of  these  symptoms ; changes  in  position  of  the  organs 
in  the  cavities  inclosing  or  bordering  ujwn  them  (lungs,  intestines,  heart,  in 
dropsy  of  their  proper  cavities) ; dislocations  of  the  diaphragm,  liver,  and 
spleen,  of  the  j>elvic  contents,  of  the  abdominal  and  thoracic  walls,  of  the 
in  diastina,  pericardium,  and  heart,  of  the  cranial  arch.  Finally,  compres- 
sion of  these  organs,  and  the  resulting  diminished  or  entirely  destroyed 
capacity  of  expansion  : lungs,  heart,  great  abdominal  glands,  brain,  testi- 
cles ; or  diminished  contractility : heart,  abdominal,  and  intercostal  mus- 
cles ; thence  amemia  and  even  atrophy. 

Besides,  tins  symptoms  of  free  dropsy  include  those  from  functional  dis- 
turbances of  the  affected  organs,  caused  by  their  diminished  mobility  ; by 
changes  of  place,  compression  with  consecutive  anaemia  and  atrophy.  The 
functions  of  the  organs  are  in  general  rendered  difficult : dyspnoea,  diges- 
tive troubles,  stupefaction,  and  paralysis,  etc.,  are  produced. 

If  dropsy  appears  in  foetal  life,  there  arise  still  greater  troubles,  e. g .,  in  internal 
hydrocephalus ; if  it  sets  in  during  the  first  period  of  foetal  life,  hemicephalia  and 
anenceplialia. 

In  GENERAL  dropsy  there  is  another  series  of  symptoms,  which  are 
dependent  upon  the  causes  of  dropsy  or  upon  its  consequences.  The  excre- 
tions are  diminished:  the  skin  is  dry,  inflexible,  sometimes  scaly;  the 
mucous  membranes  are  mostly  dry,  their  secretion  tenacious  ; the  urine  is 
scarce,  dark,  muddy,  the  stools  constipated  and  hard.  Not  infrequently 
some  secretions  are,  during  the  whole  duration  of  dropsy,  or  from  time  to 
time,  very  abundant  : diarrhceas,  e.g.,  are  met  with,  even  where  there  is  no 
affection  of  the  intestines  present ; or  more  abundant  clearer  urine  (in  dia- 
betes albuminogus)  ; or  abundant  sputa  (bronchitis). 

Extravasations,  ami  mixtures  of  these  with  accumulations  of  water,  are 
sometimes  found,  particularly  in  primary,  rarely  in  secondary  blood-changes 
having  their  origin  in  dropsy,  in  (edema  as  well  as  in  free  dropsy. 

The  blood-changes  in  dropsy  are  very  different,  according  as  they  are 
primary  or  secondary.  Sometimes  there  appears  in  transudates,  which  are 
especially  rich  in  water  and  salts,  an  inspiration  of  the  blood  with  a pre- 
ponderance of  solid  constituents. 

COURSE  AND  TERMINATIONS  OF  DROPSY. 

^ hen  the  causes  of  dropsy  persist,  the  farther  transudation  of  serum 
goes  on,  until  the  tension  of  the  (edematous  or  dropsical  parts  has  become 
as  great  as  the  mean  tension  of  the  arterial  system. 

I he  dropsical  fluid  remains  the  same,  where  its  quantity  neither 
diminishes  nor  increases,  in  continually  changing  relation  to  the  blood- 
vessels and  lymphatics,  i.e.,  elements  are  always  being  taken  up  into  the 
circulation,  and  these  are  again  abstracted  in  less,  equal,  or  greater  quan- 
tity. In  this  ease,  not  only  the  circulation  is  never  entirely  arrested  in 
the  parts  about  the  water,  but  there  is  also  an  absence  of  the  graver  dis- 
turbances of  nutrition  in  the  (edematous  tissues.  In  many  cases  there 
occurs  a hypertrophy  of  the  skin,  connective  tissue,  etc.,  especially  in  the 
lower  extremities  ( elephantiasis  Arabian). 

According  to  Virchow,  the  long  persistence  of  the  liquid  in  dropsy  of  cavities  is 
not  difficult  to  conceive,  especially  if  the  walls  of  the  cavities  Are  very  dense  and  thick, 
since  it,  by  its  pressure  upon  the  walls,  must  render  resorption  difficult,  and  since 
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here  often  very  advanced  products  of  decomposition,  e.g.,  cholestearine,  are  found  in 
great  quantities. 

Dropsy  is  either  acute,  it  lasts  only  a few  hours,  days,  or  weeks, 
within  which  it  disappears,  or  ends  with  death;  or  it  is  CHRONIC,  with  a 
duration  of  months  and  years,  and,  if  general,  usually  has  a fatal  termina- 
tion. 


In  some  cases  dropsy  is  intermittent,  particularly  those  forms  of  it  dependent 
upon  congestive  hyper* mia.  ns  well  as  those  which  are  vicarious : we  have  seen  such  a 
dropsy  iu  the  knee-joint,  which  had  lasted  a year,  and  which  returned  every  10  days, 
and  after  2 or  8 days  again  disappeared.  Similar  cases  have  been  communicated  by 
Loewenthal  and  Bruns. 

The  division  of  dropsies  into  acute  and  chronic  is  practically  important.  Many 
dropsies  of  slight  grade  have  the  shortest  duration,  like  the  puffiness  of  the  face 
during  severe  attacks  of  coughing,  e.g..  in  whooping-cough.  The  division  into  active 
and  passive,  into  sthenic  and  asthenic  dropsies,  is  of  little  practical  importance  and 
wanting  in  principle.  The  earlier  distinction  between  hydrops  cnlirfus  n.  inflammu- 
torius,  and  h.  frigidm  *.  serosus  e.  iorpidm  (to  which  most  dropsies  belong)  now 
again  receives  consideration. 

.Dropsies  end  in  recovery  or  in  death. 

The  termination  in  RECOVERY,  removal  of  the  watery  liquid,  takes 
place:  rarely  at  once  through  perforation  of  the  walls  of  the  cavity 
exteriorly  (in  ascites,  e.</.,  through  the  navel,  in  spina  bifida),  or  into  the 
surrounding  connective  tissue  with  consecutive  resorption,  or  through  per- 
foration of  the  cedematous  skin,  and  evacuation  of  the  liquid  ; sometimes 
through  bursting  of  the  skin  at  many  points,  and  gradual  trickling  oil*  of 
the  liquid  ; most  frequently,  comparatively,  through  quicker  or  slower  re- 
sorption. 

The  recovery  is  either  genuine  and  permanent ; or,  the  dropsy  after 
shorter  or  longer  time  returns;  or,  with  especially  quick  resorption  of  the 
liquid,  (edema  of  internal  organs  (brain,  lungs)  appears;  or,  from  unknown 
causes,  death  ensues.  Spontaneous  quick  decrease  of  the  dropsy  is  con- 
sidered an  unfavorable  omen,  because  the  water  may  accumulate  iu  more 
important  parts.  Usually,  however,  anasarca  appears  less  sometimes  be- 
fore death  on  account  of  the  collapse  of  the  agony,  because  in  the  flaccid  ness 
of  the  tissues  it  sinks  into  the  deeper  parts. 

While  general  chronic  dropsies  have  an  unfavorable  prognosis,  there  are  many  local 
ones,  e.g.,  of  the  lower  extremities,  either  without  influence  on  the  health,  even  for 
many  years,  or  which  permit  of  palliative,  rarely  of  radical  help. 

The  termination  of  dropsy  in  death  follows  almost  uniformly  in  all 
general  chronic  dropsies.  It  is  because  the  dropsy  affects  one  or  more 
of  the  organs  essential  to  life  (sudden  death  in  (edema  of  the  brain ; 
quick  death  in  pulmonary  oedema,  in  oedema  of  the  glottis;  slower  death, 
in  the  same  conditions,  in  hydrothorax,  hydropericardium).  Or,  it  is 
dependent  upon  a cachexia,  which  either  lias  the  same  cause  as  the 
dropsy  (renal  and  hepatic  diseases,  etc.),  or  is  a consequence  of  the  dropsy  : 
hydrothorax,  ascites,  obstructed  resorption  of  the  lacteals  and  roots  of  the 
portal  vein,  etc. ; erysipelas,  suppurative  inflammation,  and  gangrene  of 
dropsical  parts  ; inflammations  of  internal  organs,  etc.  Or  it  appears  after 
operations,  particularly  punctures  and  quick  evacuation  of  the  cavities, 
either  without  demonstrable  cause,  or  in  consequence  of  extensive  haemor- 
rhage into  the  cavities,  etc. 
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APPENDIX. 

ACCUMULATION  OF  AIR,  OR  PNEUMATOSIS. 

Consult  Demarqcay,  Vermch  dner  nud.  Pnenmat .,  transl.  from  the  French  by 
Reyher,  1807.  Also  the  works  on  pathological  anatomy,  and  on  general  pathology. 

Pathological  accumulations  of  air  occur  in  cavities  and  channels  which 
contain  air  normally,  as  well  as  in  those  in  which,  under  normal  conditions, 
air  is  not  found.  Tissues  and  organs  very  rarely  contaiu  air,  which  in  tho 
normal  state  are  free  from  it. 

Accumulations  of  air  in  different  parts  of  the  body  have  for  the  most  part  special 
names  : that  of  the  pleura  is  called  pneumothorax,  that  in  the  pericardium,  pneumo- 
pericardium, etc.  ; that  in  the  cavity  of  the  stomach  and  intestines,  meteorism  or 
tympanites,  in  that  of  the  uterus,  physometra ; that  in  the  vesicles  of  the  lungs,  pul- 
monary emphysema ; that  in  connective  tissue,  emphysema  or  traumatic  emphy- 
sema; that  in  the  interstitial  or  subpleural  pulmonary  tissue,  interstitial  or  sub- 
pleural  emphysema  ; that  in  the  blood,  pueuraathatmia. 

I.  Abnormal  accumulations  of  air  in  localities  which  normally  contain 
air  admit  of  no  general  consideration.  To  these  belong:  increase  of  gases 
within  the  stomach  and  intestinal  canal,  especially  of  the  large  intestines 
(meteorism  or  tympanites),  increase  of  the  quantity  of  air  in  the  pulmonary 
vesicles,  with  enlargement  of  them  and  atrophy  of  their  partition-walls 
(vesicular  pulmonary  emphysema). 

II.  Accumulations  of  air  in  localities  (cavities and  p&renchymata),  which 
in  the  normal  state  ake  without  air,  have  their  origin  in  various 
ways. 

a.  The  air  is  from  without,  or  from  parts  of  the  organism  which 
contain  air,  and  PENETRATES  into  the  parts  affected.  It  enters  either  into 
cavities  or  into  parenchymata. 

The  entrance  of  air  into  cavities  occurs:  from  without  into  the  pleura, 
peritoneum,  pericardium,  into  the  vagina,  into  the  uterus  in  a puerperal 
state,  into  cysts  through  accidental  or  operative  wounds;  entrance  of  air 
into  the  veins,  thence  into  the  right  cavities  of  the  heart  and  into  the  pul- 
monary capillaries  bv  wounds  ami  operations,  especially  in  the  neck  and 
upper  extremities;  the  entrance  of  air  from  the  air-passages  or  lungs  into 
tho  pleural  cavities  in  wounds  of  both;  in  perforation  of  emphysematous, 
tuberculous,  gangrenous  parts  of  these  organs;  the  entrance  of  air  from  the 
stomach  and  intestinal  canal,  rarely  from  the  lungs,  uterus,  etc.,  into  tho 
peritoneal  cavity. 

In  gyna!cology,  garrutita*  tuJr<r,  so-called,  the  penetration  of  air  into  the  vagina 
and  its  noisy  escape,  plays  a role. 

Of  those  cases  in  which  emphysema  affects  the  parenchyma,  emphy- 
sema of  the  subcutaneous  cellular  tissue  is  worthy  of  notice.  This  arises  : 
tiaumatically  through  the  intentional  blowing  in  of  air,  through  penetrat- 
ing wounds  of  the  breast,  fracture  of  the  ribs,  wounds  of  the  laryngo-tracheal 
tube,  through  compound  fractures  of  the  extremities,  through  fractures  in 
the  nasal,  frontal,  maxillary  and  mastoidal  regions ; not  traumatically ; in 
consequence  of  violent  movements,  long-continued  screaming  (in  hydro- 
phobia, during  confinement)  ; from  escape  of  gas  out  of  the  digestive  canal 
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after  its  adherence  to  the  abdominal  walls;  through  passage  of  gas  from 
out  of  the  larynx,  trachea  and  bronchial  tubes  after  perforation  of  them 
from  various  causes;  through  passage  of  gas  from  out  of  the  lungs  (tuber- 
culosis, emphysema,  gangrene,  etc.). 

Here  also  belongs  emphysema  of  the  mediastinum  and  skin,  which  occurs  chiefly 
in  children  from  whooping-cough  and  laryngeal  croup,  or,  as  also  in  the  adult,  from 
capillary  bronchitis,  etc.  If  many  small  bronchi  are  contracted  or  obstructed,  the 
remaining  parts  of  the  lungs  become  so  much  the  more  distended,  and  single  alveoli 
are  lacerated  ; the  air  then  passes  hrst  into  the  interlobular  or  subpleural  connective 
tissue,  thence  along  the  bronchi  into  the  mediastinum,  and  finally  into  the  connec- 
tive tissue  under  the  skin  of  the  neck,  always  at  first  in  the  jugular  region.  Consult 
Lakn.nec,  Roger  (Arch,  yen.,  1802,  Aug.  to  Oct.),  Bartels  (J).  Arch.  f.  klin.  Med., 
II.,  p.  807). 

The  interlobular  emphysema  of  very  dry  lungs,  e.g.,  in  cholera,  is,  according  to 
Burn.  ( Lungenentz , etc.,  1872,  p.  5),  the  atmospheric  air  in  great  quantity  penetrat- 
ing in  visible  vesicles  into  the  lymphatics. 

The  mother-of-pearl  appearance  of  the  scales  of  psoriasis  proceeds  from  the  air 
which  enters  into  them  during  drying  (Rindfleisch). 

Cases  of  emphysema  of  the  liver  are  related  by  STOKES,  LOUIS,  PlOHRY,  Henoch, 
Frerichs,  Meigs  (Med.  Ctrlbl.,  1872,  No.  8). 

SCHATZ  saw  a case  of  fatal  embolism  by  air  which  passed  through  the  umbilical 
veins  into  the  heart  (Mon.  Schr.f.  Geburtsk,  180!),  XXXIV.,  p.  112). 

b.  In  localities  air  lias  its  origin  in  decomposition  ok  matter  there 
present  : in  the  connective  tissue  of  different  parts  of  the  body,  especially 
the  parts  surrounding  the  urethra,  through  fetid  decomposition  or  gangrene 
of  abscesses,  namely  of  those  arising  from  interruption  of  continuity;  in 
the  abdominal  walls;  in  various  parts  of  the  body  during  the  existence  of 
carbuncles ; in  thrombi  of  the  veins,  which  in  rare  cases  are  altogether 
emphysematous ; in  the  interior  of  serous  cavities  from  decomposition  of 
exudates  there  present ; in  the  cavities  of  mucous  membranes  normally 
empty  of  air  (urinary  bladder,  uterus)  from  the  same  causes,  or  from  putre- 
fying blood-clots  and  foetal  remains,  in  the  cavities  of  many  cystic  tumors. 

Many  cases  considered  in  I.  likewise  belong  here : Thus  meteorism  from  long 
continuance  of  the  faeces  in  the  intestine.  Klebs  ( Hdb . d.  path.  Anat.,  1800,  p. 
284)  distinguished  two  kinds  of  meteorism  : the  fermentation  from  increased  forma- 
tion of  intestinal  gases,  and  the  mechanical  from  obstructed  evacuation  of  the  same. 
The  latter  is  dependent  either  upon  stenosis  of  the  intestinal  tube,  or  upon  paralysis 
of  the  muscles  of  the  intestines  (stenotic  and  paralytic  met.).  Decomposition  of 
food  occasions  the  formation,  within  the  stomach  and  intestinal  canal,  of  CO,  and 
H.  Thus,  e.g. , 1 atom  of  sugar=C8HuOo  is  decomposed  into 

( 1 butyric  acid  CJLO, 

2 at.  lactic  acid^2(C3HcOa)  = C«H1S0,  \ 2 CO,  C,  04 

( 4 H II, 


Besides,  probably  many  cases  of  development  of  air  in  the  blood  may  thus  be 
explained,  in  which  the  air  is  formed  almost  always  only  after  death  (cases  by 
Duhand-Fardel,  Ci.ess.  etc.).  In  many  cases  attributed  to  this,  the  air  has  proba- 
bly entered  from  without,  or  from  air-containing  parts  of  the  organism.  Consult  the 
recent  case  by  Stoffella  (Ztechr.  d.  G.  d.  11  ten.  Aerzte,  1802,  No.  22,  2.,  et  2o). 

c.  The  air  is  formed  in  an  unknown  manner.  Here  are  referred  those 
rare  accumulations  of  air  in  the  cavities  of  many  mucous  and  serous  mem- 
branes, those  in  the  bloodvessels  in  many  new-formalious,  for  which  none 
of  the  above-mentioned  causes  have  been  discovered. 
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The  form  and  manner  of  the  development  of  air  in  the  last- mentioned  series  ia 
still  unknown  : probably  it  depends  upon  a separation,  a kind  of  secretion  of  the  air 
by  the  bloodvessels.  An  analogue  to  this  is  furnished  perhaps  in  the  physiological 
occurrence  of  air  in  the  cortex  and  marrow  of  hair,  which  in  rare  cases  (Kakscii, 
Bkigel,  Spikas)  is  so  considerable  that  the  hairs  burst  and  break  off  above  the  lev^l 
of  the  skin.  Grayness  of  hair  occurs  usually  through  a change  iu  the  pigmeut-for- 
mation,  less  frequently  without  this  through  filling  of  the  hair  with  air.  Perhaps 
many  cases  of  meteorism  among  the  hysterical,  of  very  quick  appearance  and  without 
previous  swallowing  of  air,  may  be  explained  in  this  manner. 

Concerning  the  nature  of  the  air  little  need  be  said  in  a general  way. 
Atmospheric  air  entering  from  without  sometimes  undergoes  changes  simi- 
lar to  those  of  inspired  air.  The  air  arising  from  decomposition  is  like  that 
in  emphysematous  gangrene.  The  constitution  of  air  formed  in  an  un- 
known manner  is  not  yet  known. 

Demarquay  and  Leconte  had  already  demonstrated,  in  1859,  that  air  injected 
into  the  cellular  tissue  or  into  the  peritoneum  was  quickly  changed  in  its  constitu- 
tion. lost  a great  part  of  its  oxygen,  and  took  np  carbonic  acid,  the  latter  not  suffi- 
ciently to  replace  the  absorbed  oxygen,  but  in  return  for  which  the  nitrogen  was  con- 
siderably increased.  This  continues  until  the  gas  was  absorbed.  On  the  other  hand, 
the  authors  have  lately  shown  ( Compt.  rend.,  1815:2,  LIV.,  p.  180)  in  a man  whose 
cellular  tissue  became  emphysematous  from  a fracture  of  the  ribs,  in  100  vols.  of 
gas : 

On  the  4th  day  from  injury.  2.54  CO,.  (5.35  O.,  and  91.11  N. 

“ 5th  “ “ ‘ 5.08  “ 4.(56  “ “ 90.26  “ 

“ 7th  “ 6.07  “ 3.78  “ “ 90.20  “ 

“ 10th  “ “ 11.11  “ 0.00  “ “ 88.89  “ 

The  general  consequences  of  accumulations  of  air  are  those  of  a 
foreign  body,  which  in  part  forces  the  tissues  and  cavities  of  organs  asun- 
der, in  part  causes  inflammation  of  them,  in  part,  finally  (in  the  vessels)  is 
quickly  followed  by  death. 

According  to  Ot.sttACSKN  ( Mon. -8ehr.  f Gehnrtsk.,  XXIV.,  p.  350)  the  entrance 
of  air  iuto  the  puerperal  uterus  is  hurtful,  even  fatal. 

Quick  exhaustion  of  the  air  by  means  of  the  air-pump  is  followed  by  development 
of  the  gases  from  the  biowl,  embolism  of  the  pulmonary  and  cardiuo  capillaries  and 
quick  death  (HopPE-SkyLEB). 

Under  certain  conditions  the  air  passes  back  from  out  of  the  cavities 
abnormally  filled  with  it  into  the  blood,  and  with  it  also  injurious  sub- 
stances, e.g. , sulphuretted  hydrogen,  from  the  intestine. 

J he  diagnosis  of  emphysema  depends  in  subcutaneous  emphysema  upon 
the  presence  of  swelling  and  crepitation,  in  the  accumulation  of  air  in  cavi- 
ties, upon  the  clear,  for  the  most  part  tympanitic  percussion-note,  and  the 
displacement  of  neighboring  organs,  etc. 


II.  INFLAMMATION. 

( Tnflamtnatio , Phlogoris.) 

Yacca,  T)e  inflamm.  tnorb.  tint.,  eavdx.  effect,  ft  curat. , 1765. — J.  Hunter.  On  the 
Inflammation,  and  Gan-Shot,  Wound*,  1793-1812. — Burns,  Ihxxert.  on  In- 
flammation, 1300.  Rust,  Jlelkotogie,  1811. — Thomson.  Ue.ber  Entzand.,  trausl.  by 
Krnkenbt  rg.  2 15dc.,  1820. — Kaltenbrunnku,  Erp.  eireo  etat.  tang,  ft  roe.  in  in- 
flafnm.,  1826. — Gendius,  Met.  anatomique  dee  inflammations,  1826. — BrxTonneac, 
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Drx  inflam,  specials*  du  tissue  mugueux,  et  en  partimUer  de  la  diphtUrite,  mi  inflam 
pelfien'aira,  co  unite  sous  le  turn  de  croup,  etc..  1826.— Koch,  MeckeCs  Archie,  1832.— 
Gluoe.  Ob*.  noun,  micro sc.  in  inflnmm.,  1835.— GCtkrbock,  lie  pare  et  granula- 
ttone,  1 8-1  < . — It  vsdri,  TetriatUUaflogosi,  2 vols.,  1817. — Vogel,  Uebcr Eiter,  Ft Ueru.ng, 
a.  s.  w.,  1818;  Art.  **  hntziindung  and  Ausgunge,"  It.  Wagner’s  HandwdrterbucA, 
I • .1  ’ 'ill.— Lehmann  u.  Meksersoiimidt,  Arch.  f.  phys.  f/cilk .,  1812,  I.  — Emmhut 
hiiir.  z.  Path.  a.  Therapie , 1812. — H.  Ml’lleh,  in  Zeitschrift  f.  rationel.  an  I 
l*i:i,  1 11.— JIf.nnktt,  On  Inflammation,  etc  , 1844.— Henle,  in  ‘Zeitschr.  f.  rat.  and., 
1844,  ir.,  p.  114 ; Handb.  der  rat.  Pathol.,  I.  u.  II.— Luschka,  Entw.  d.  Formbesi- 
a ndth.  d.  citer*  u.  d.  granulationen,  1847. — A Waller,  in  Phil.  Magazine,  1846, 
XXIX.,  pp.  271  and 898. — K0t*s,  debt  msculurile  et  deFiaflam.,  1840.— Hassk,  ZciUc.hr 
f.  rat.  Med.,  1840,  V.— Bidder,  in  idem.  1846,  IV.,  p.  858.— Virchow,  in  Virchow's 
Arch/e.,  1847,  I..  p.  272;  IV.,  p.  261;  XXIII.,  p.  415;  XXIV.,  p.  205;  Annalen  ties 
Lharite,  VIII.,  lift.  :i,  p.  1;  Handb.  der  epee.  Path.,  p 40.— BrOckb,  Sitzungsbtr. 
der  Wiener  Akad.,  1849;  Archie,  f.  phy*.  lleilk.,  1850.  X.,  p.  49:!.— Paget,  lectures 
on  Inflam. , 1850.— Wharton  Jones,  Guy's  Hasp.  Reports,  1851,  VII  — Beck,  Cn- 
t'erauchungen,  etc.,  1852.— H.  Weber.  Mullers  Archie.,  1852,  p.  801.— Meckel, 
Ann.  ties  (lharite,  1853.  IV.,  p.  218. — Rokitansky,  Sitzungsb.  der  Wiener  Akad  ', 
1854.—  Scuf'LER,  Wiirzb.  Verhandl,  1854.  IV.,  p.  248.— Spikss,  Zur  Lehre  t>.  d. 

Entziind.,  1854. — Boner.  Die  Sfase  nach  Erper.  an  der  F-roschschwitnmhaut,  1856. 

Samuel,  Kbnigsb.  med.  Jahrb.,  1858,  I. — Gunning,  Archie,  f.  hall..  Beitrdge,  1853, 
I.,  p.  305.— Snei.len,  Arch.  f.  hod.  Beitrdge , 1858,  I.,  p.  200.— O.  Weber.  Virchow's 
Arch  , 1858,  XIII.,  p.  74,  XIX.,  p.  867  ; Handb.  der  Chirurgie,  p.  :562. — T REITZ, 
Prayer  Vierteljahrschr,  1859,  IV.— Ooccius,  Ueber  d.  Getcehe  u.  d.  Katz,  ties  mensrhl. 
Glasskorpcrs,  I860.— Sen  roe  der  van  der  Kolk,  Arch.  f.  hod.  Beitrdge,  1860,  II., 
p.  81.—  J.  Simon,  Art.  Inflammation  in  Holmes'  System  of  Surgery,  I.,  I860. — Buhl, 
Sitznngsb.  tl.  Bayr.  Acad.,  186:1,  p.  59;  Zeitschr.  f Biologic,  1868,  III,,  p.  .‘541; 
Lungenentziindung  u.  s.  «i.,  1872. — E.  Wagner,  Arch,  der  Heilk.,  1866,  VII..  p.  481 ; 
VIII.,  p.  449. — Billroth,  Arch.  d.  Chir.,  1866.  VI.,  p.  378. — Cohnueim,  Virchotc's 
Arch.,  1867,  XL.,  p.  1. — IIeller,  Ueb.  d.  fein.  Vorg.  bei  d Entziind.,  1869. — Sthick- 
er,  Stndien  huh  d.  hist,  f,  exper.  Path,,  1870,  1.;  Oest.  med.  Jahrb.  Jahrg.,  1811 
and  1872, 

Consult  also  the  literature  of  Repair  ; and  Billroth,  Surgical  Pathol.  Ain.  Ed.  ; 
Works  on  I'ractice  of  Medicine. 


Inflammation  is  a process,  beginning  for  the  most  part  with  the  phe- 
nomena of  congestive  hyponemia,  running  its  course  most  frequently  with 
exudation  or  suppuration,  sometimes  healing,  sometimes  leading  to  new- 
formations,  or  to  various  kinds  of  metamorphosis,  or  to  destruction  of 
tissues,  and  causing  a more  or  less  marked  disturbance  of  the  function  of 
parts.  In  certain  cases  sometimes  all  these  changes  are  simultaneously 
present,  sometimes  only  the  first  mentioned  are  found  in  a striking  manner. 

Inflammation  runs  its  course  mostly  as  an  acute,  rarely  as  a chronic 
process. 

Inflammation  exhibits  many  transitions:  on  the  one  hand,  to  many 
circulatory  disturbances,  especially  to  congestive  hyperaunia  and  acute 
dropsv ; on  the  other  hand,  to  many  disorders  of  nutrition,  namely,  to 
albuminous  or  fatty  degeneration,  to  gangrene,  as  well  as  to  new-formations, 
especially  of  connective  and  osseous  tissues,  and  of  vessels. 

The  name  inflammation,  and  all  terms  to  express  it  in  other  languages,  point  to 
a process  connected  with  elevation  OF  temperature.  But  Celsus  proposed  yet 
three  other  cardinal  properties  of  inflammation,  in  all  four:  caloh,  rubor,  tumor, 
dolor.  Still  another  is  added  as  a fifth  symptom,  functional  disturbance,  thus 
designating  all  the  phenomena  of  many  processes  as  inflammation,  especially  of  those 
running  their  course  in  the  skin  and  visible  mucous  membranes. 

Inflammation  affects  sometimes  only  one  kind  of  tissue,  especially 
among  the  simple  tissues  (connective  tissue,  serous  membranes,  periosteum, 
bones,  epithelium,  etc.),  more  rarely  among  tissues  crowded  together  (inter- 
stitial, inter-muscular,  inter-acinous,  inter-lobular,  etc.,  tissues),  sometimes 
organs.  In  the  latter  relation  it  attacks  sometimes  only  one  tissue  of  a 
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compound  oigan  (e.g.,  the  glands  of  the  mucous  membranes,  the  gland-ducts, 
urinary  tubules,  acini  of  the  glands,  intestinal  follicles,  ovarian  follicles, 
etc.),  sometimes  compound  parts  of  an  organ  (lobes  or  lobules  of  the  lungs), 
sometimes  finally  the  organ  in  all  its  parts  (e.g.,  the  whole  heart,  whole 
gland). 

Of  organs  in  pairs  inflammation  affects  sometimes  only  one  of  the  pair  (as  in  pleu- 
ritis.  pneumonia,  many  forms  of  nephritis),  sometimes  both  organs  or  parts  of  them 
{e.g.,  both  cerebral  hemispheres,  both  kidneys,  both  eyes,  eta) ; sometimes  both  rela- 
tions are.  found  (many  pneumoniae,  inflammations  of  the  parotid  glands,  etc.). 

Inflammations  of  various  tissues  and  organs  are  named  mostly  by  adding  to  the 
Latin  or  Greek  term,  the  ending  -ms  (r.g.,  encephalitis,  pleuritis.  nephritis,  etc.); 
sometimes  they  receive  special  names,  as  pneumonia  for  inflammation  of  the  lungs; 
erysipelas,  etc.,  for  inflammation  of  the  skin,  etc.  Inflammations  of  the  serous 
coverings  of  individual  organs  of  the  abdominal  cavity  are  called  PERl-hepatitis,  peri- 
metritis, etc.  Peri-bronchitis,  departing  from  this  rule,  is  a term  applied  to  inflam- 
mation of  the  outer  halves  of  the  bronchial  wall.  This  is  true  also  of  peri-phlebitis, 
etc.  Inflammations  of  the  surrounding  connective  tissue,  capsule,  apj»endages,  e.g. 
of  the  encasing  fat  of  the  kidneys,  of  the  loose  adipose  and  connective  tissue  of  the 
lower  and  lateral  parts  of  the  urinary  bladder,  and  of  the  uterus,  are  known  as  para* 
nephritis,  para  cystitis,  para  metritis. 

The  progress  of  INFLAMMATION  takes  place  either  in  the  continuity  or  in 
the  contiguity  of  tissues,  or  u|tott  distant  lying  organs  and  tissues.  The 
progress  of  inflammation  in  the  continuity  affects  sometimes  the  same  tissues, 
sometimes  those  which  are  different  from  those  first  affected.  The  best 
known  examples  of  the  latter  are  when  inflammation  of  the  skin  invades 
the  bordering  mucous  membrane  or  vice  verm , or  when  that  of  the  bronchi 
invades  the  lungs  (catarrhal,  or  lobular  pneumonia),  etc.  Progress  in  the 
contiguity  occurs  most  frequently  in  parts  in  contact  with  the  skin,  mucous 
membranes,  serous  membranes.  Progress  to  distant  tissues  takes  place 
either  by  means  of  the  bloodvessels  in  a mechanical  or  chemical  manner 
(embolism,  pyiemia),  or  by  means  of  the  lymphatics,  or  in  a sympathetic 
manner. 

According  to  Pkleokr’s  (Med.  CtrllA , 1873,  No.  lti ; Arch.  f.  kUn.  Chir..  XIV., 
p.  f>:’»2)  observations  on  the  manner  and  laws  of  the  extension  of  (ry.njteht*  migrant. 
those  laws  established  by  LAHORE  ( 11*0*.  SiUgebtr. . IStil  u.  1803,  XLIV.,’  p.  19) 
concerning  the  tendency  to  fissures  and  the  tension  of  the  cutis  appear  to  come  into 
question. 

According  to  Fkinhkuo  (Jlcri.  KUn.  Wechr .,  1871.  Nos.  41-46),  physiological  and 
pathological  facts  show  that  myelitis  can  result  from  lesion  of  peripheral  nerves,  and 
that  the  results  obtained  in  rabbits  (laying  bare  and  powerful  cauterization  of  tha 
sciatic  : consecutive  myelitis  especially  of  the  gray  substance),  also  in  man,  tend  to 
the  same  conclusion. 

CAUSES  OK  INFLAMMATION. 

The  disposition  TO  inflamm  ation  is  a general  one.  A series  of  factors 
and  conditions,  however,  heightens  the  disposition  us  well  generally  as  in 
inflammations  of  special  organs.  This  is  especially  true  of  the  various  ages, 
of  sex,  as  well  as  of  a number  of  external  causes,  especially  of  atmospheric 
influences,  soil,  and  dim ito  (vile  General  ^Etiology).  Besides,  influences 
of  all  kinds,  which  to  healthy  parts  are  harmless,  are  followed  by  inflamma- 
tion in  those  whose  vaso-motor  nerves  alone,  or  at  the  same  time  with  the 
nerves  of  sensation  and  motion,  are  paralyzed  (neurotic  inflammations). 
Individuals  who  are  tender,  not  hardy,  badly  nourished,  scrofulous,  rachi- 
tic and  cachectic,  convalescents,  drinkers,  are  more  subject  to  inflammations 
of  the  bronchi  and  lungs,  etc.  In  some  individuals  some  organs  possess  a 
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special  predisposition  to  inflammation,  in  consequence  of  hereditary  influ- 
ence, etc.  Repeated  inflammation  of  many  organs  heightens  the  disposition 
to  like  affection  of  the  same  organ  : e.c/.,  repeated  attacks  of  catarrh  of  most 
mucous  membranes.  Parts  of  organs  are  sometimes  affected  by  inflamma- 
tion more  easily  than  other  parts,  from  causes  which  are  partly  known, 
partly  unknown.  Inflammation  of  the  lungs  affects  the  upper  lobes  more 
often  than  the  lower.  Inflammation  of  the  endocardium  and  of  the  heart 
belong  oftener  to  the  left  ventricle ; the  former  occurs  chiefly  in  the  valves 
and  openings,  where  the  greatest  tension  and  friction  are. 

I TIE  IMMEDIATE,  OR  EXCITING  CAUSES  OK  INFLAMMATION  must  vary  ill  degree 
with  the  individual.  The  most  prominent  are  : mounds,  as  cuts,  stabs, 
bruises — traumatic  inflammations;  foreign  bodies,  as  dust,  splinters,  gun- 
shot; many  vegetable  parasites;  worms  or  other  parasites,  wandering  or 
fixed  within  the  vessels;  accumulations  of  entire  secreta  in  organs,  as,  e.e/., 
the  liver,  the  kidneys,  the  mammary  glands,  or  of  certain  elements  of  them 
(?•(/-,  biliary  and  renal  calculi);  emboli  of  every  kind  (p.  200),  especially 
those  acting  chemically ; substances  within  serous  cavities,  and  in  other 
parts  coming  from  hollow  organs  through  perforations  in  their  walls : the 
contents  of  the  stomach  and  intestines,  urine,  especially  if  of  an  alkaline  re- 
action, etc. ; gangrenous  parts  of  the  body  even  (limiting  inflammation) ; — 
limn  DEGREES  OF  HEAT  axd  COLD,  as  well  as  also  “catching  cold”  (p.  01)  ; 
chemical  influences,  as  of  acids,  alkalies,  ethereal  oils,  cantharides,  mus- 
tard, tincture  of  iodine,  stings  of  insects,  etc.  ; alcohol  by  habitual  use. 

Many  of  the  known  exciting  causes  act  upon  the  deep  tissues  : the  most  important 
in  this  respect  is  the  pneumonia  arising  from  the  presence  of  foreign  bodies. 

The  influence  of  the  nerves  upon  the  origin  of  inflammation  has  been 
demonstrated  with  sufficient  certainty,  in  part  experimentally,  in  part  by 
clinical  and  pathologico-anatomical  observations.  After  section  of  the  n. 
trigeminus  or  of  its  ophthalmic  branch,  or  only  of  the  internal  fibres  of  the 
latter  within  the  cranial  cavity,  there  arise,  soonest  to  the  extent  of  the 
inflammation,  peculiar  disturbances  of  nutrition  of  the  conjunctiva  and 
cornea,  and,  for  the  most  part  also,  of  the  surrounding  skin.  Casual  wounds 
or  diseases  of  these  nerves,  or  of  the  Gasserian  ganglion,  have  been  followed 
by  the  same  results.  After  traumatic  or  other  inflammations,  new-forma- 
tions,  etc.,  of  these  nerves,  or  of  a spinal  ganglion,  or  of  the  nerves  passing 
through  it,  there  have  been  observed  in  many  accurately  investigated  cases 
peculiar  inflammations  of  the  skin  of  the  character  of  herpes,  to  wit,  herpes 
zoster.  After  like  causes,  also,  repeated  disturbances  have  been  observed 
which  are  not  to  be  clearly  ranked  with  inflammations,  but  as  transitions  to 
dropsy,  gangrene,  atrophy,  and  hypertrophy. 

The  physiological  experiments  in  this  connection  are  those  of  Magendie,  Longet, 
Valentin,  Sciiifp,  Bernard,  Snellen,  Bi'ttneh,  Meissner,  and  others.  ^ 

For  cases  of  inflammation  with  serous  exudation,  see:  Romberg,  Klin.  Erc/efm., 
18411,  p.  4;  the  Author,  Arch.  cl.  Jleilk.,  1870,  XI.,  p.  319.  Cases  of  sero-purulent 
inflammation,  especially  herpes  of  the  skin,  are  described  by  Rayer,  Daniei.ssen  ; 
particularly  BXrensfrung,  Ann.  cl.  Char.,  1801,  IX.,  2 H.,  p.  119;  lb..  XL,  2 H., 
p.  100  ; Geruardt,  Jen.  Ztschr .,  1865,  II.,  p.  349;  the  Author,  1.  c.,  p.  5520  ; Weid- 
nlr.  Hal  klin.  Wschr. , 1870,  No.  7;  Wyss,  Arch.  cl.  lleilk XII.,  p.  201.  Also 
cases  by  de  Haen,  Esmarch,  Duncan,  Vernon,  Greenougii,  Eulenbero-Lan- 
dois.  Eclenhkrg,  Guttm.ynx,  Horner,  Hutchinson,  and  others. 

More  recently  Brown-SequarD  (1861)  has  again  turned  attention  to  the  frequency 
of  subacute  and  chronic  inflammations  of  the  joints  of  paralyzed  extremities.* 

* For  an  account  of  the  joint-lesion  occurring  in  paralytics,  consult,  Charcot,  Arch, 
de  physiol,  norm.  >t  path.  I.  p.  101,  p.  379;  Leyais  stir  les  maladies  du  syst.  nerreuz, 
Paris',  1873,  p.  100,  et  scq.  B.  Ball,  Me  l.  Times  and  Gazette , Lond.  1808-9.  S.  W. 
Mitchell,  Injuries  of  Nerves,  Phil.  1872,  p.  108.  IEd.J 
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Sometimes  also  the  influence  of  the  nerves  in  giving  rise  to  inflammation  is 
REFLEX  in  character.  Sen  iff  often  observed  in  dogs,  whose  lingual  nerve  only,  or 
inferior  dental  nerve,  he  had  cut,  after  four  to  eight  days'  injection  of  the  conjunctiva 
of  the  eye  of  the  same  side,  increased  secretion  of  mucus  and  a partial  gray  cloudi- 
ness of  the  cornea,  which  after  about  twelve  days  again  disappeared,  as  if  an  affection 
of  the  vaso-motor  nerve  of  the  n.  ophthalmicus.  In  like  manner  must  those  observa- 
tions be  explained,  where,  after  wounds  and  operations  on  the  upper  maxilla  and 
its  nerves,  there  appeared  in  the  eye  of  the  same  side,  with  normal  sensibility,  injec- 
tion of  the  conjunctiva,  cloudiness  of  the  cornea,  softening,  ulceration  and  perforation 
of  the  centre,  with  consequent  staphvloma  and  atrophy.  (A.  Wagner,  Arch.  f.  /din. 
(Jhir .,  18(19,  XL,  p.  1.) 

Injurious  substances,  which  have  their  origin  in  the  same  or  another 
organism,  may  he  carried  directly  by  the  blood  or  by  the  lymph  out  of  the 
organs  as  excitants  of  inflammation : those  of  the  fixed  contagions  belonging 
to  this  class  are  the  mucus  of  gonorrhoea,  the  syphilitic  virus,  the  pyaunic 
poison,  the  contagium  of  dysentery,  of  hospital  gangrene,  of  many  conjunc- 
tival catarrhs,  of  glanders;  those  of  the  volatile  contagious  especially  to 
be  mentioned  are,  that  of  influenza  (epidemic  bronchial,  and  intestinal  ca- 
tarrh), the  contagium  of  typhus  and  typhoid  fevers,  of  scarlatina  and  small- 
pox. In  many  of  these  cases  lower  forms  of  fungi  probably  play  an  impor- 
tant role  (p.  102). 

1‘IIENOMKXA  OK  INFLAMMATION. 

EXPERIMENTALLY  PRODUCED. 

The  PHENOMENA  of  inflammation  are  to  be  followed  in  tissues  and  organs 
of  every  kind  in  the  dead  laxly  as  well  as  in  the  external  parte  (skin,  ex- 
ternally visible  mucous  membranes,  especially  the  membranes  of  the  eye) 
during  life.  But  far  greater  disclosures  are  made  by  experiment,  and  the 
simultaneous  continuous  and  immediate  observation  for  hours  and  days  of 
inflamed  parts  under  the  microscope. 

Corrosive  substances  (particularly  ammonia,  nitrate  of  silver,  acids  and 
the  like),  strong  irritants  (alcohol,  tincture  of  cantlmrides,  mustard,  etc.), 
as  well  as  substances  with  strong  diffusive  power  (salt,  chloride  of  calcium, 
etc.),  have  been  applied  experimentally  to  parts  of  known  structure  an<l 
which  are  transparent  and  easily  to  lx-  observed,  as  the  web  of  the  frog, 
the  wing  of  the  l<at,  the  cornea,  the  tongue  and  the  mesentery  of  the  frog 
and  of  mammals,  etc.  Or,  without  farther  preparation  the  internal  organs 
have  been  subjected  to  observation,  since  the  access  of  air  is  usually  a suffi- 
ciently strong  excitant  of  inflammation.  Like  the  effects  of  these  substances 
are  those  of  wounds  with  needles,  transfixion  by  threads,  etc.,  high  de- 
gn  ■es  of  heat  and  cold.  Thereafter  the  following  is  in  general  to  be  observed. 
Numerous  differences  which  cannot  be  explained  are  caused  by  the  kind  of 
materials  employed,  especially  if  they  act  only  in  a diffusive  manner  (chlor- 
ide of  sodium,  etc.),  or  at  the  time  as  irritants  (spirituous  and  corrosive 
substances,  etc.). 

If  a vascular  organ,  e.g.  the  mesentery  or  tongue  of  the  frog,  he  exam- 
ined under  the  microscope,  therein  observed,  first  a uniform  dilatation  op 
the  arteries,  which  after  about  two  hours  reaches  its  highest  point  and 
may  double  the  original  diameter  of  the  vessels;  besides,  their  length  be- 
comes considerably  increased.  Dilatation  of  the:  veins  follows  much  more 
slowly,  reaching  the  same  degree  as  in  the  arteries  without  an  increase 
in  their  length.  The  VELOCITY  of  the  CURRENT  at  first  constant,  is,  after  a 
f'-w  hours,  diminished:  the  individual  blood-corpuscles  can  be  distinguished. 
Pulsation  is  observed  in  the  arteries.  The  blood-stream  in  the  arteries  and 
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veins  has  lost  its  axial  character  (present  under  normal  conditions):  the 
blood  tills  the  whole  calibre  of  the  vessels.  Now,  within  the  veins  the 
peripheral  zone  of  the  blood-stream,  the  original  plasma  stratum,  becomes 
-.gradually  filled  with  innumerable  colorless  blood-corpuscles.  At  first 
single  corpuscles,  then  more  anti  more,  come  to  a standstill,  so  that  after 
a certain  time  the  whole  inner  surface  of  tlie  veins  appears  lined  with  a 
uniform  layer  of  such  corpuscles,  while  within  this  layer  the  red  blood- 
stream flows  uniformly  on.  Again,  after  a certain  time  colon  less  blood- 
corpuscles  are  observed  to  pass  out  from,  the  interior  of  the  veins  through 
the  uninjured  wall  of  the  vessels  : upon  the  exterior  of  the  veins  are 
formed  small,  colorless,  knob-like  elevations,  which  slowly  increase  in  size, 
still  connected  with  the  wall  of  the  veins,  but  finally  separate  from  it  and 
wander  farther  and  farther  from  the  veins  into  the  surrounding  tissue. 
During  this  time  new  colorless  corpuscles  separate  from  the  blood  stream 
to  the  inner  wall  of  the  vein,  and  then  pass  through  the  wall.  This  process 
is  accomplished  sometimes  within  half  an  hour,  sometimes  only  after  many 
hours — the  time  varying  with  the  vein  and  with  the  animal.  It  is  the 
SAME  ALSO  WITH  COLORLESS  BLOOD-CORPUSCLES,  WHICH  HAVE  PREVIOUSLY  BEEN 
IMPREGNATED  WITH  ANILINE  BLUE,  CINNABAR,  etc.  Simultaneously  with  the 
larger  vessels,  the  capillaries  also  are  dilated,  for  the  most  part  only  from 
a sixth  to  a fourth.  In  one  part,  of  them  the  blood  stream  flows  on  continu- 
ously, and  with  uniform  velocity.  In  another  part,  it  is  entirely  or  par- 
tially arrested  : the  colorless  corpuscles  show  amoeboid  movements  and,  as 
in  the  veins,  pass  out  in  the  same  manner  through  the  vessel-wall.  Be- 
sides, red  GLOBULES  also  pass  OUTWARD  THROUGH  THE  VESSEL-WALL ; they 
squeeze  through  the  wall  with  greater  or  less  difficulty,  and  sometimes 
appear  on  the  outside  entire,  sometimes  only  in  part,  while  the  other  part 
is  torn  away  by  the  blood-current.  Thus  after  a few  to  24  hours  tbe  capil- 
laries are  seen  to  be  surrounded  by  numerous  corpuscles,  of  which  the 
greater  number  are  colorless,  the  fewer  colored  corpuscles;  the  latter  entire 
or  in  fragments. 

Dilatation  of  the  large  vessels  depends  upon  a paralysis  of  their  muscles : the 
latter  may  be  direct  (influence  of  the  air),  or  reflex  (through  sensory  nerve  fibres). 
The  retardation  of  the  blood  current  is  due  to  the  increase  in  size  of  the  stream. 

The  ACCUMULATION  OF  COLORLESS  BLOOD-CORPUSCLES  IN  THE  7-ONE  NEAREST 
TIIE  vessel- W ALL  is  in  consequence  of  the  diminished  velocity  of  the  stream  : this 
is  greater  in  the  axis  of  the  vessel  than  in  the  periphery  (Dondeks  and  Gunning); 
the  colorless  corpuscles  are  moved  along  not  merely  in  the  direction  of  the  stream, 
but  also  are  revolved  about  their  axis,  and  through  both  circumstances  they  come  to 
the  periphery  (Cohniieim).  According  to  others,  it  is  the  glutinosity  of  the  colorless 
corpuscles,  by  virtue  of  which  they,  once  brought  in  contact  with  the  vessel-wall  or 
with  one  another,  immediately  adhere,  and  this  adhesion  is  in  direct  ratio  with  the 
slowness  of  the  stream:  the  cause  of  the  glutinosity  lies  in  the  fine  processes,  which 
the  cells  invariably  have  also  during  their  onward  flow.  (Hering,  Wien.  Acad.  -Bor. , 
1808.  LVII.,  p.  170.) 

The  force  under  which  tiie  blood-corpuscles  pass  out  of  the  vessels,  is 
different  for  each  kind.  The  colorless  blood-corpuscles  should,  so  long  as  they  con- 
tinue within  the  uninterrupted  current,  always  preserve  the  spherical  form ; as  soon, 
on  the  other  hand,  .os  they  become  quiet,  amoeboid  movements  appear  iu  them,  they 
push  out  their  processes  against  those  parts  of  the  vessel-wall  where  they  meet  with 
the  least  or  no  resistance,  i.6. , toward  the  stomata  and  open  spaces  of  the  connective 
tissue.  While  the  colorless  blood-corpuscles  thus  actively  pass  out  of  the  vessels,  tbe 
chief  force  in  the  passage  outward  of  the  red  corpuscles  is  the  increased  blood-pres- 
sure (Cohniieim).  According  to  Hering,  the  exit  of  the  colorless  corpuscles  through 
the  uninjured  vessel-wall  is  chiefly  a consequence  of  the  blood-pressure  and  current 
velocity.  H.  regards  the  exit  as  a simple  filtration  of  colloid  substances : he  found 
that  colored  glue,  even  under  comparatively  low  pressure,  if  it  only  lasted  long 


ORIGIN  OF  PUS-CORPUSCLES. 


247 


enough,  filtered  through  the  vessel-wall. — Also  ScHKLAREWSKY  (Arch.  f.  <}.  gea 
P/tgu. , lSUvS.  L,  pp.  f>0-S  et  (157)  conceives  the  wandering  outward  of  the  blood-cor- 
puscles to  be  pure!)’  physical.  (See  also  p.  152.) 

Concerning  the  way  by  WHICH  the  blood-corpuscles  pass  out  of  the  vessels,  see 
page  152-3. 

The  blood-corpuscles  which  have  wandered  out  of  the  vessels  remain  only 
a short  time  in  the  immediate  neighborhood  of  the  vessels,  but  continue  to 
move  farther  away  from  them,  and  are  replaced  by  more  recently  migrated 
corpuscles.  After  a few'  hours  the  mesentery  is  tilled  with  them  in  varying 
quantity.  The  red  corpuscles  remain  in  the  immediate  neighborhood  of  the 
capillaries,  unless  they  are  removed  from  them  by  increased  transudation 
or  by  other  forces.  Besides,  there  can  be  seen  the  basement  membrane  of 
the  mesentery,  or  of  the  mucous  membrane  of  the  tongue,  the  nuclei  of  the 
epithclia,  and  the  connective  tissue  corpuscles  in  the  same  places,  with  the 
same  form  and  with  the  same  distinctness,  as  far  as  they  are  not  concealed 
by  the  migrated  blood-corpuscles.  The  wandering  corpuscles  remain  in 
part  within  the  tissues  of  the  mesentery  or  of  the  tongue,  in  part  they 
come  Tt>  THEIR  SURFACE  I the  latter,  either  direct  ly,  or  after  they  had  first 
traveled  a greater  or  less  distance.  Simultaneously,  there  exudes  from 
the  VESSELS  AN  ABUNDANT  PLASMA,  which  soon  coagulates  and  thereby  in- 
closes the  migrated  corpuscles. 

The  phenomena  are  the  same  also  when  an  irritating  substance  has  been 
introduced  into  the  peritoneal  cavity  of  the  frog,  and  from  time  to  time  the 
intestine  is  drawn  out  and  examined  microscopically.  These  observa- 
tions have  been  corroborated  also  in  warm-blooded  animals.  Most  probably 
the  process  in  most  other  organs  differs  only  in  that  the  greater  number  of 
the  w hite  blood-corpuscles  come  from  out  of  the  capillaries  (and  not,  as  in 
the  mesentery  which  is  poor  in  capillaries,  from  out  of  the  veins),  and  then 
for  the  most  part  also  large  numbers  of  red  corpuscles  puss  out  of  the  ves- 
sels. 

Against  the  view,  that  in  large  suppurations  the  whole  mass  of  pus-corpuscles  can- 
not »>e  colorless  blood  -corpuscles,  is  briefly  answered,  that  the  number  of  white  blond- 
corpuseles  in  the  circulation  is  usually  underrated,  since  many  more  are  found  in  the 
small  veins  and  capillaries  than  in  the  large  vessels  and  heart,  Resides,  during  the 
existence  of  inflammatory  processes,  the  spleen,  lymphatic  glands,  etc.,  become 
hypcrplasic,  and  thus  provide  a constant  renewal  of  colorless  corpuscles  (Cohmieim  ,. 
As  inr  as  possible  the  swelling  of  the  lymph-glands  is.  however,  not  to  he  received  in 
this  sense,  but  the  cells  found  in  the  lymph-glands  of  inflamed  parts  must  perhaps 
likewise  he  regarded  as  migrated  cells  (Hehind).  In  the  latter  case  the  mode  of 
increase  of  the  colorless  blood-corpuscles,  at  least  in  large  suppurative  inflammations, 
is  still  obscure.  According  to  Scuikk  ( 8pt  > ch  in  the  Arm/,  of  S inm*,  Florence. 
June,  1b?l),  in  large  formations  of  pus,  the  very  great  number  of  pus -corpuscles 
proceed  from  an  irritation  of  the  internal  vessel-wall,  as  it  were  a catarrh  of  its  epi- 
thelium. 

Ill  NON- VASCULAR  TISSUES  (COITICU,  etc.)  THE  1TS-CORI  USCLES  ALL  IN  LIKE 
MANNER  HAVE  THEIR  ORIGIN  IN  THE  VE.-SLL3  OK  THE  NEIGHBORING  TISSUES. 
It  the  cornea  be  cauterized  with  nitrate  of  silver,  there  will  be  formed  an 
t paque,  grayish-white  spot,  which  after  a short  time  becomes  brown.  If 
t:ie  eornen  be  transfixed  by  a silk  thread,  there  will  be  formed  around  it  a 
small  whitish  circle,  which  is  a consequence  of  small  radiating  fissures  into 
the  corneal  tissue,  into  which  the  aqueous  humor  finds  its  way.  Farther 
on,  however,  there  is  formed  on  the  border  of  the  cornea  (not,  us  others 
assume,  in  its  centre  or  around  the  irritated  parts),  a gray  cloudiness,  which 
advances  in  the  shape  of  a wedge  towards  the  thread:  it  is  dependent  upon 
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tlie  migratory  colorless  blood-corpuscles  (pus-corpuscles),  which  have  accu- 
mulated in  varying  number  and  form  in  the  tissue-spaces  near  the  corneal 
corpuscles.  A part  of  these  will  contain  coloring  matter  if  it  has  previously 
been  introduced  into  the  blood  of  the  animal.  Even  an  examination  with 
the  naked  eye,  still  more  that  under  the  microscope,  demonstrates  that  the 
pus-corpuscles  have  their  origin  within  the  vessels  of  the  corneal  border. 

Inflammation  in  vascular  as  well  as  in  non-vascular  parts  either  retro- 
grades, or  is  followed  by  other  processes.  In  the  former  cast;  not  only 
the  transuded  plasma  is  reabsorbed,  but  also  the  migrated  colorless  blood- 
corpuscles  disappear,  because  they  can  pass  out  of  the  connective-tissue 
spaces  into  the  lymphatic  vessels,  and  thence  again  into  the  blood. 

If  substances  (wadding — tincture  of  cantharides,  lunar  caustic),  acting  as 
mechanical  or  chemical  irritants,  be  introduced  into  the  cavity  of  the  abdo- 
men of  a frog,  or  if  the  intestine  together  with  the  mesentery  be  drawn  out 
of  the  abdominal  cavity  and  exposed  to  the  air,  there  will  be  developed  a 
peritoneal  inflammation,  with  fibuino-purulent  exudation.  In  the  first 
place,  a hyperaunia  quite  suddenly  appears.  After  a few  hours  the  serous 
membrane  is  covered  with  only  a thin,  but  gradually  thickening,  cloudy, 
removable  substance,  the  exudation,  under  which  the  vessels  can  only  be 
indistinctly  recognized.  After  twelve  to  twenty-four  hours  the  exudation 
is  thicker,  soft,  dull-gray  or  yellowish,  and  removable  in  larger  or  smaller 
shreds.  They  consist,  under  the  microscope,  of  compact  pus-corpuscles, 
single  red  blood-corpuscles,  and  an  intermediate  amorphous  or  faintly  gran- 
ular substance,  made  clear  by  acetic  acid. 

According  to  what  has  just  been  stated,  the  essential  phenomena 
OF  ACUTE  INFLAMMATION  are  thus  congestive  IIYPERA2MIA  of  the  vessels, 
EXUDATION  OF  SERUM  AND  FIBRIN,  the  EXIT  OF  RED,  BUT  ESPECIALLY  OF 
colorless  blood  corpuscles.  The  latter  form  the  pus-corpuscles. 

In  opposition  to  this  view  there  is  another  older,  according  to  which  the 
pus-corpuscles  are  not  the  migrated  colorless  blood-corpuscles,  but  have 
their  origin  in  the  tissues  themselves.  In  epithelial  tissues  the  epithe- 
lial or  gland-cells,  in  connective  tissue  organs  of  every  kind  the  connec- 
tive tissue  and  analogous  corpuscles,  are  the  foci  of  growth  of  the  pus-cor- 
puscles : by  single  or  multiple  division,  by  endogenous  cell-formation,  etc. 
This  theory  is  also  in  great  part  supported  by  experiments,  particularly  on 
non-vascular  parts.  But  no  immediate  observations  of  inflamed  parts  were 
originated  and  continued  during  the  life  of  the  animal,  and  the  colorless 
blood- corpuscles  by  absorption  of  coloring  matter  had  not  been  made  recog- 
nizable, and  were  thus  distinguished  from  pus-corpuscles  which  may  have 
been  newly  formed.  Only  recently  have  direct  observations  made  this 
mode  of  suppuration  again  more  probable.  Besides,  the  theory  has  just 
been  brought  forward,  that  in  inflammation  not  only  the  migratory  connec- 
tive tissue  corpuscles  can  become  pus-corpuscles,  but  that  also  fixed  cells 
can  become  completely  migratory. 

From  the  foregoing  it  follows,  that  the  point  in  dispute  in  the  doctrine  of  inflam- 
mation is  chiefly,  the  genesis  of  pus -corpuscles.  The  oldest  theory,  that  the  pus- 
corpuscles  had  a free  origin  in  a structureless  exudation,  has  been  for  a long  time 
entirely  abandoned.  After  this  followed  almost  two  decades,  during  which  the 
theory  prevailed,  that  pus-corpuscles  had  rheir  origin  in  the  tissues  themselves.  The 
latter  theory  was  first  taught  by  Virchow  and  his  pupils  (Strube).  by  His  and 
other-;  hut  after  the  more  recent  demonstrations  by  (Joiiniikim  given  above,  it 
can  no  longer,  or  onlv  in  part,  be  maintained.  Still  earlier  indeed  had  Dollinui.r 
(1810),  .T.  Muller  (1824).  Koch,  and  Hassai.l  observed  a migration  of  the  colorless 
blood -corpuscles  from  out  of  the  vessels  and  these  were  pronounced  by  Kaltkn- 
bkunner  (1.  0.,  1820),  Addison  ( Consumpt . and  Scrof. , 1841),  p.  82),  and  Zimmer- 
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MANN  {Prevss,  Vereinszeit.,  1852,  p.  04,  144  a.  230)  to  be  identical  with  pus-corpus- 
cles. But  A.  Waller  (L  c.'  first  described  in  1840  the  phenomenon  in  the  frog's 
tongue  more  exactly,  and  insisted  upon  the  identity  of  the  two  kinds  of  corpuscles, 
and  of  the  processes  which  concern  them.  In  the  years  which  followed,  Waller’ a 
observations  were  so  entirely  forgotten  that  Cohniikim's  description  was  immed- 
iately regarded  as  representing  a discover}'. 

At  present  these  two  theories  concerning  the  origin  of  the  pus-corpuscles  are 
sharply  opposed  to  each  other : the  one,  that  all  pus-corpuscles  are  migrated  color- 
less blood -corpuscles ; the  other,  that  only  a part  of  the  pus  corpuscles  have  this 
origin,  but  that  the  other  part  arises  by  one  of  the  above  described  methods  from  the 
original  tissue-cells.  The  majority  range  themselves  on  the  side  of  the  migration 
THEORY',  which  experimentally  it  is  comparatively  easy  to  understand,  aud  with 
which  harmonize  most  of  the  forms  found  in  dead  human  and  animal  tissues.  But 
the  other  also,  the  PROLIFERATION  theory,  is  held  by  many  of  the  best  investi- 
gators. Below  we  furnish  a number  of  the  arguments  adduced  by  both  sides,  of 
which  the  most  aud  best  had  their  origin  in  the  examination  of  the  cornea.  Below 
also  many  other  facts  will  be  considered. 

If  the  cornea  lie  wounded  in  or  near  the  middle  of  it,  by  passing  a thread  through 
it,  by  cauterization,  etc.,  there  will  follow,  according  to  the  older  theory  ol  Virchow 
aud  his  pupils,  His  and  others,  a cloudiness  of  the  corneal  cells  witii  albuminous 
masses,  an  1 an  enlargement  of  them.  If  the  affection  lie  slight,  the  changes  are  ar- 
rested at  this  stage,  and  a refit  it  utiet  in  integrum  follows.  At  other  times,  however, 
other  processes  follow.  Immediately  there  appears  an  increase  of  the  elements. 
The  nucleus  of  the  connective-tissue  eorptwli-s  enlarges  and  divides;  division  of  the 
cell  follows  that  of  the  nucleus,  and  very  soon  the  pluce  of  the  single  ceil  is  occupied 
by  a brood  of  new  cells.  The  production  of  cells  proceeds  so  incezwtnliy.  that  the 
original  tissue  is  soon  destroyed,  aud  in  its  place  are  found  only  round,  young  cells, 
with  albuminous  in  ter -cellular  fluid  : pus- formation.  While  this  takes  place  in  noii- 
vaseular  parts,  which  the  irritant  only  has  affected,  there  follow  in  the  neighboring 
capillaries  similar  expansion  and  over-filling  of  the  blood,  as  in  other  parts  which 
are  vascular,  and  where  the  irritant  affects  the  vessels  directly.  According  to  Vir- 
chow's theory,  the  increase  in  size,  cloudiness,  and  growth  of  the  tails  arc  the  first 
things  observed  after  the  action  of  the  irritant ; these  processes  appear  earlier  than 
dilatation  and  tit  termination  of  the  blots]  in  the  nearest  bordering  ve-.-els. 

The  results  of  the  altogether  different  experiments  of  Cohniikim  are  given  in  full 
above. 

Oohnhkim's  views  have  been  confirmed  on  many  sides,  at  first  by  KrkmIaxsk  y 
( 11 1>  n.  tn et f.  M'urfir.,  ItWB,  Nos  K found  after  cauterization  of  the  cornea, 

before  the  appearance  of  cloudiness  at  t he  periphery,  an  accumulation  of  pus-corpus- 
cles about  the  js>int  of  irritation  : this,  according  to  him,  is  the  result  of  the  migra- 
tion of  the  connective-tissue  corpuscles  to  the  place  of  irritation  ; the  colorless  cor- 
puscles (recognizable  by  the  cinnabar  with  which  they  hnd  been  colored;  arrive  at 
the  same  point  only  after  two  to  four  hours.  An  observation  by  Ebkmtd  is  < (pi ally 
important  A majority  of  frogs  in  winter  are  affected  by  melana  min.  If  a corneal 
inflammation  be  induced  in  them  by  separation  of  the  epithelium,  there  will  Ik*  ob- 
served after  a little  time  in  the  corneal  tissue,  by  the  side  of  the  colorless  amoeboid 
cells,  a not  inconsiderable  number  of  those  which  are  filled  with  black,  fiuely-graiiu- 
lar  pigment,  and  possessing  equally  active  movements  with  the  former.  Also  black 
pus  has  been  found  in  the  mesentery.  ( Virrh.  . 1 rrJi. , 18T0.  LI.,  p.  145.4 

Among  the  most  prominent  of  the  opponents  of  Cohniikim's  theory,  stand  Reck- 
LlNGIIAt'SKN  and  Strk  kkr. 

Hoffmann  and  Reckling H a Fkkn  ;.l fed.  CtrlM 18(17.  No.  31)  found  in  the  hol- 
low spaces  of  an  excised  cornea  of  the  frog  or  cat— after  it  had  been  cauterized  in  the 
centre,  and  preserved  a day  and  longer  under  suitable  conditions — a so  considerable 
number  of  pus-corpuscles,  that  they  assume  their  formation  from  the  migratory 
corneal  corpuscles.  Hoffmann  ( Yirch.  Arch..,  XL11. . p.  204)  has  seen  in  such  cor- 
nea- the  migratory  cells  accumulate  about  the  point  of  irritation  : in  the  frog  in  forty- 
eight  hours,  in  the  rabbit  in  twenty-four.  In  the  immediate  zone  around  the 
injury,  the  stellate  cells  of  the  cornea  were  unchanged  ; then  followed  a ring  which 
consisted  almost  entirely  of  only  rounded  movable  forms,  sometimes  so  numerous, 
that  the  new-formatiou  of  cells  was  not  to  be  doubted.  Here  the  fixed  or  stellate 
cells  had  almost  entirely  disappeared. 

Cohniikim  ( Virrh.  Arch 1801),  XLV.,  p.  333)  has  refuted  these  statements.  He 
saw  during  observation  of  superficial  wounds  on  the  tiji  of  the  tongue  without  loss  of 
blood,  the  fixed  connective  tissue  corpuscles  assuming  many  forms,  either  pale  and 
finely  granular,  or  coarsely  granular.  Near  the  wounds  they  were  transformed  kite 
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finely  granular  globules,  similar  to  corneal  cells.  Simultaneously,  there  arose  a di- 
latation of  the  vessels ; the  red  blood-corpuscles  migrated  through  the  capillaries,  the 
white  chiefly  through  the  veins.  Nowhere  was  there  shown  a proliferation  of  the 
connective-tissue  corpuscles.  Thus  also  in  healing  by  granulation,  at  least  at  the 
beginning  of  suppuration,  the  source  of  the  pus-corpuscles  is  demonstrated.  More- 
over, Counii KIM  has  in  frogs  supplied  the  blood  with  a solution  (0.75  per  cent.)  of 
common  salt,  and  induced  in  them  a traumatic  keratitis.  The  corneas  remained  clear, 
the  stellate  corneal  corpuscles  did  not  show  the  formation  of  pus. 

Recently,  S trick kk  has  declared  himself  opposed  to  the  universal  prevalence  of 
the  Wai.LER-CoiinhEIM  theory,  by  experiment  and  inference.  According  to 
Stbicker,  pus- corpuscles  arise  in  various  epithelia  partly  by  division,  partly  by 
endogenous  formation,  from  connective-tissue  corpuscles,  from  muscular  cells,  &c. 
Besides,  according  to  Stricker,  in  the  inflammatory  process,  fixed  cells  (many  epi- 
thelia, branched  corneal  cells,  cells  of  the  capillary  walls)  become  migratory  not  only 
to  a certain  degree,  but  even  entirely  so.  Finally  Stbicker  has  aiso  seen  a migra- 
tory cell  transformed  into  two  independent  migratory  forms. 

Nokkis  and  Stbickicb  (Stud.,  1H70)  describe,  in  opposition  to  Coiinhei.u,  a doubt- 
less considerable  nuclear  increase  in  the  inflamed  cornea  of  the.  frog;  they  hold  that 
the  MULTINUCLEAR  MIGRATORY  MASSES  HAVE  THEIIl  ORIGIN  IN  TIIE  FIXED  COR- 
NEAL CORPUSCLES.  The  nuclei  of  Desceinet’s  epithelium  also  are  increased  in  num- 
ber. 

According  to  Stiuckeh  (lb.,  p.  18)  the  migratory  cells  or  pus-corpuscles 
in  inflammation  increase  by  division.  (S.  experimented  on  the  tongue  and 
cornea  of  the  frog.)  Increase  of  pus-corpuscles  in  mass  could  not  previously  be 
shown  ; it  is  not  to  be  distinguished  also  from  a passing  accumulation  of  liquid.  By 
examination  for  one  hour  of  the  mucous  membrane  of  a frog’s  tongue  partly  torn 
off  on  the  day  before,  it  was  shown  that  even  the  apparently  fixed  connective- 
tissue  corpuscles  assumed  a certain  degree  of  mobility  in  the  process  of  inflammation ; 
that  in  them  there  were  observed  appearances,  which  pointed  to  attempts  at  division  ; 
that  parts  of  them  became  movable  as  though  they  were  only  amoeboid  cells.  Upon 
the  whole,  Stricker  believes  that  a sharp  line  is  not  to  be  drawn  between  migratory 
and  fixed  connective  tissue  corpuscles.  Finally,  Stiiicker  observed,  that  a bi-nu 
clear  cell  of  Descemet’s  epithelium  can  divide  into  two  migratory  cells  (or  pus-corpus- 
cles).  as  well  as  that  the  larger  poly -nucleated  and  more  inactive  elements  of  the  in- 
flamed  cornea  may  become  wholly  or  in  part  like  the  migratory  cells  in  appearance 
aud  movements. 

OSKR  (ft).,  p.  74)  also  holds  to  the  endogenous  formation  of  cells  ; according  to  his 
observations  the  endogenously  formed  pus-corpuscle  is  bom  in  the  conjunctiva  of 
the  rabbit  like  a young  trout ; it  leaves  by  amoeboid  movements  the  vesicular  space 
in  the  interior  of  the  epithelial  ceil.  (Consult  also  Hansen,  Wien.  mcd.  Jahrb.,  1871, 
]>.  210.) 

Kremiansky  cauterized  the  ensiform  process  of  hens  (the  skin  being  imme- 
diately closed  over  the  cartilage),  and  found,  eight  to  ten  days  afterward,  pus-cor- 
puscles containing  cinnabar,  only  about  the  cartilage,  never  within  it ; whereas  in  the 
cartilage  immediately  adjacent  to  the  necrotic  portion  there  was  an  increase  of  car- 
tilage-cells (ten  to  thirty)  within  the  capsules,  resulting  at  the  end  in  the  formation 
of  cells,  which  were  entirely  analogous  to  pus-corpuscles. 

According  to  Durante  ( Wien.  mcd.  Jahrb .,  1871,  p.  821),  in  inflammations  of  the 
vein-wall,  endothelium,  muscular  cells,  and  connective  tissue  nuclei  participate 
in  the  proliferation.  The  intiina  shows  first  an  irregularly  distributed  increase  of 
inter-cellular  substance ; later,  the  inter-cellular  substance  increases  in  the  whole 
periphery  of  the  endothelial  cells,  these  even  become  oval  or  round,  the  body  of  the 
cell  becomes  granular,  the  nuclei  show  marks  of  division : two,  four,  six,  eight  of 
them  appearing  in  one  cell.  The  cells  now  show  either  Oser's  endogenous  cell-for- 
mation ; or  the  cleft  nuclei  crowd  against  the  periphery  of  the  cells.  Small  eleva- 
tions, buds,  make  their  appearance,  in  which,  during  the  gradual  separation,  the  nu- 
cleus remains  inclosed : finally,  there  are  to  be  observed  in  the  midst  of  the  inter- 
cellular substance  a great  number  of  such  cells,  whose  origin  is  by  gemmation,  or  at 
least  by  a process  bordering  upon  it.  The  changes  in  the  adventitia  are  not  to  be 
distinguished  from  those  of  common  connective  tissue  in  inflammation.  The  con- 
nective-tissue cells  swell,  and  assume  an  oval,  round,  or  irregular  shape  ; later,  their 
nucleus  divides  into  two,  three,  or  more  parts,  which  is  afterwards  followed  by  a 
division  of  the  cells  themselves.  The  smooth  muscle-fibres  show  a proliferation  of 
their  nuclei  and  division  of  the  spindle  cells  themselves  into  smaller  segments.  The 
eudothelia  of  serous  membranes  (Kundrat.  lb.,  p.  22(5),  bone -corpuscles  (Lang,  lb., 
p.  84.  RUSTIZKY,  lb.),  cartilage-cells  (Hutub,  lb.,  p.  8’JS),  behave  in  a like  man* 
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ner.  Consult  also  Hettzmann’s  (lb.,  1872,  pp.  339 — 357)  experimental  investiga- 
tions on  inflammation  of  bone  and  cartilage. 

Klein  and  Bkrdon-Sandekson  (Mel.  Ctrbl.,  1872.  Nos.  2-4)  observed  in  rabbits 
and  guinea-pigs,  on  the  inflamed  peritoneal  side  of  the  diaphragm,  that  the  endo- 
thelial cells  put  forth  buds  which  became  separate  as  young  amoeboid  cells.  Similar 
observations  have  been  made  by  us  on  the  pleural  side  of  the  diaphragm,  on  the 
mediastinum  and  omentum.  In  chronic  inflammations  there  are  observed,  especially 
in  the  true  stomata,  oval,  bud,  and  cone-shaped  swellings,  which  consist  of  proliferat- 
ing endothelial  cells. 

Two  important  works  on  this  subject  again  support  CoHNHElM.  The  first  of  these 
is  the  more  important,  in  that  it  at  the  same  time  regards  the  latest  investigations  of 
Ranviek  and  SchwkiGGEU-Seidkl  respecting  connective-tissue  and  corneal  corpus- 
cles. 

A.  Key  and  C.  Wallis  ( Nord.  med.  Ark.,  1871.  Ill  , No.  1C;  Yirrh.  Arch.,  1872, 
LV. , p.  29tJ;  cauterized  the  cornea  some  seconds  with  the  point  of  a stick  of  nitrate 
of  silver.  Around  this  point  vacuoles  were  formed  at  first  in  the  nuclei,  not  in  the 
protoplasm  of  the  corneal  corpuscles,  later  in  the  latter  also  and  in  the  vacuole-zone, 
whereby  they  were  finally  destroyed.  In  the  frog  this  destruction  has  mostly  appeared 
before  a single  new-formed  or  immigrated  cell  has  appeared  in  the  vacuole-zone. 
(The  formation  of  the  vacuole  zone  and  the  destruction  of  the  corneal  corpuscles  are 
results  of  the  destructive  influence  of  the  silver  salt ; they  are  wanting  in  mechanical 
irritations  of  the  cornea,  e.g.,  after  the  passing  through  of  a thread.)  Around  the 
vacuole  zone  the  corneal  corpuscles  are  unchanged.  In  frogs  the  migration  of  cells 
from  the  periphery  of  the  cornea  toward  the  centre  first  begins  on  the  second  or  third 
day,  earlier  and  in  greater  numbers  in  the  anterior  lami-lltc  than  in  the  posterior. 
Only  at  the  end  of  the  first  or  beginning  of  the  second  week  have  they  reached  the 
cauterized  point,  later  they  wander  into  the  slough.  They  are  always  most  numerous 
in  the  innermost  parts  of  the  vacuole -tone.  Then  the  corneal  corpuscles  beyond  the 
vacuole-zone  are  besides  unchanged : they  show  no  trace  of  division  of  the  nucleus, 
etc.  ; near  them,  in  the  same  space  of  the  basis  substance,  lie  the  migrated  cells. 
The  latter  differ  much  in  size  and  form,  having  from  one  to  twelve  nuclei  ; varying 
in  size  from  one  to  tenfold  ; in  shape  smooth  and  unstable,  or  spindle-shaped,  etc. ; 
but  motion  and  migration  are  common  to  all.  as  well  as  the  presence  of  cinnabar 
when  this  sulwtunce  had  been  injected  into  a lymph-space.  In  frogs  in  summer  the 
processes  are  essentially  the  same,  but  are  much  more  rapid,  and  the  number  of 
migrating  cells  is  greater;  besides,  red  bio* *1  -corpuscles  also  are  found. 

F.  A.  Hoke  man  N ( Virch.  Arch.,  1h72,  LIV.,  p.  600)  observed  the  following;  After 
injections  of  cinnabar,  oven  in  very  large  quantities,  granules  of  cinnabar  are  always 
sparingly  found  in  the  fix«d  cells  of  connective  tissue.  Rut  if  at  nny  point  an  irrita- 
tion is  produced  (in  rabbits  by  cauterization  with  nitrate  of  - Ivor  or  by  injection  of 
acetic  acid  under  the  skin)  here  the  cinnabar  accumulate*  in  v tv  considerable  quan- 
tity. After  four  weeks,  pus  from  such  points  was  always  free  from  cinnabar,  not- 
withstanding that  the  tissues  secreting  this  pus  still  included  cells  bearing  cinnabar 
iu  large  quantity.  This  goes  to  show  that  the  connective  tissue  corpuscles  are  alto- 
gether passive  in  the  formation  of  pus. 

According  to  Ranviek  (Nvhv.  diet,  de  metier,  et  dc  (Air.  prut.,  1870.  XIII.,  p.  675), 
the  laminated  pavement  epithelium  of  serous  membranes,  bloodvessels  and  lympha- 
tics, of  the  alveoli  of  the  lungs  and  glomeruli  of  the  kidneys,  as  well  as  the  flat  cells 
of  connective  tissue,  under  the  influence  of  inflammation  return  to  the  embryonic 
state,  and  after  the  disappearance  of  the  inflammation,  these  embryonic  cells  again 
form  the  original  tissue.  In  artificial  peritonitis  the  endothelial  cells  at  first  swell 
up.  become  granular,  their  smooth  nuclei  become  spherical  and  then  divide,  then  the 
cells  having  become  globular  also  divide.  Many  of  them  become  completely  sepa- 
rated from  the  basement  membrane,  fall  into  the  peritoneal  cavity,  and  mingle  with 
the  numerous  migrated  white  blood  -corpuscles.  If  the  inflammation  recedes,  these 
tree  cells  become  fixed,  unite  with  the  white  blood -corpuscles.  u]>on  the  surface  of 
the  serous  membranes  spread  out  laterally,  and  form  anew  a complete  epithelial 
covering.  It  happens  thus  also  in  fibrinous  pneumonia.  The  endothelia,  which  form 
the  capillary  wall,  act  in  a similar  manner  in  inflammation:  thus  is  explained  the 
passage  outward  of  white  blood  corpuscles  through  the  capillary’  walls. 

Flemming  (Virch.  Arch.,  1872,  LVL,  p.  14b)  induced  artificially  (by  threads, 
iodine,  croton  oil)  inflammation  in  the  subcutaneous  connective  tissue  of  rabbits  and 
dogs.  The  fixed  connective-tissue  cells  show  no  processes  of  increase,  or  only  rarely. 
But  such  separate  forms  are  not  wanting  even  in  healthy  connective  tissue,  and  are 
frequently  met  with  in  localities  where  there  is  a forming  of  fat  and  iu  foetal  tissue. 
On  the  other  hand,  F.  found  double  or  numerous  nucleoli,  often  of  very  large  size. 
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offcenor  than  in  normal  tissue.  Here  and  there  where  pus  is  being  formed,  in  place 
of  the  delicate,  flat  connective  tissue  corpuscles,  there  are  found  thicker,  compact, 
smooth- walled  corpuscles,  flat,  spindle-shaped,  or  branched;  or  round,  spindle-shaped 
corpuscles,  connected  more  firmly  to  one  another  by  thicker  anastomoses.  The  cellu- 
lar elements,  under  the  influence  of  inflammation,  return  to  the  embryonic  type  : 
Ran  v ikh.  In  inflamed  tissues  the  substance  of  a cellular  plane  may  be  retrausformed 
into  the  much  moister,  more  compact  form  of  an  embryonal  connective-tissue  cell. 
All  these  states  correspond  with  the  cloudy  swelling  of  Virchow.  In  many  prepara- 
tions the  cells  thus  changed  in  the  non-vascular  vicinity  of  a fat-lobule  are  filled  with 
small  and  medium-sized  oil-globules.  In  only  one  case  in  seven,  after  irritation  by 
croton  oil,  was  there  shown  a proliferation  of  fixed  cells,  but  which  in  no  probability 
led  to  the  local  production  of  pus. 

According  to  Kd stick  ( Virch.  Arch.,  1872,  LV.,  p 455),  the  pigmented  connective- 
tissue  cells  during  inflammation  of  the  lungs  become  migratory,  and  appear  with 
their  pigment  in  the  alveoli. 

GOtekhock  ( Virch.  Arch.,  1872,  LYI.,  p.  .‘>52),  after  incomplete  tenotomy  of 
the  teiuio  A chilli*  of  rats,  found  no  inflammatory  changes  in  the  elements  of  the 
tendon.  The  funnel-shaped  space  of  the  wound  becomes  almost  completely  filled 
by  the  ensheathing  tissue ; this  contains  young  cells,  nuclear  divisions  of  the  endo- 
thelia. 

Also  Bizzozebo’s  ( OeMr . Jahrh.,  1872,  II.,  p.  100)  clinical  observations,  and  his 
experiments  on  the  exciting  of  hypopyon,  do  not  support  free  cell  - formation : the 
large  mother-cells  with  the  daughter-cells  (ten  to  twenty  in  number)  have  their  origin 
in  the  swallowing  up  of  pus-corpuscles  (also  red  blood-globules)  by  the  epithelium  of 
the  parts  in  question. 


PATHOLOGICAL  ANATOMY,  AND  PATHOLOGY. 


The  four  principal  phenomena  of  inflammation,  therefore,  are:  hy- 

PEREMIA,  EXUDATION  WITH  SUPPURATION,  NEW- FORM ATION  OF  TISSUES,  AND 
THEIR  TRANSFORMATION  OR  DESTRUCTION. 

These  principal  phenomena  are  not  always  present.  They  are  purest, 
especially  hypeneinia  anti  exudation  with  or  without  suppuration,  in  ACUTE 
inflammations,  which  run  a quick  course  within  a few  days  or  weeks,  and 
terminate  either  in  resolution  ( i.e .,  healing),  or  in  suppuration  or  mortifica- 
tion, the  causes  of  which  act  quickly,  and  are  quickly  removed,  or  disappear 
spontaneously.  In  chronic  inflammations,  on  the  other  hand,  the  causa- 
tive force  is  found  to  be  an  irritation,  acting  not  once  but  repeatedly;  or 
the  irritant  is  not  removed  ; or  it  consists  especially  in  predispositions  to 
inflammation.  In  all  such  cases  hypeneinia  of  the  capillaries  is  sometimes 
slight,  sometimes  it  is  more  marked ; serous  exudation  is  for  the  most  part 
considerable  ; also  the  formation  of  mucus  is  often  considerable  and  particu- 
larly of  long  duration;  suppuration  may  be  wanting  or  of  trifling  amount. 
The  tissues  sometimes  become  atrophic  or  flaccid,  destitute  of  elasticity  ; 
sometimes  there  is  found  a new-formation  of  tissues,  particularly  of  con- 
nective tissue  and  of  osseous  tissue.  Connective  tissue  is  not  infrequently 
so  abundant  that  by  it  the  remaining  tissues  (gland-cells,  nerve-  and  mus- 
cle-fibres) are  destroyed  : inflammatory  induration. 

The  first  principal  phenomenon  of  inflammation  is  congestive  hy- 
peremia. 

Hyperseraia — according  to  what  is  found  in  dead  bodies— shows  several 
grades  * sometimes  simple  accumulation  of  red  and  especially  of  white  blood- 
corpuscles  in  the  capillaries  without  co-existeut  changes;  sometimes,  be- 
sides, uniform  or  irregular  dilatation  and  elongation  of  the  capillaries,  and 
such  close  crowding  together  of  the  red  corpuscles  that  the  contours  of 

single  ones  cannot  be  distinguished.  , 

fypenemia,  however,  is  not  the  whole  of  inflammation,  but  it  must  be  pres- 
• 1 ’ - ’ • > 1 — *• — For,  m the  farst 
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ent  if  the  process  is  to  be  designated  as  mflammatoiy. 
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place,  by  perse  mia  explains  the  redness  of  the  part,  also  its  increased  warmth 
and  a part  of  the  swelling.  In  the  second  place,  we  must  include  in  inflam- 
mations also  the  alterations  of  nutrition,  which  in  non-vascular  parts 
appear  after  the  operation  of  the  same  irritant,  because  the  changes  included 
therein  are  cjuite  the  same  as  in  vascular  parts.  These  non-vascular  parts 
are,  besides  the  cornea  and  cartilage,  all  membranes  in  their  epithelial 
covering,  especially  if  the  latter  is  made  up  of  many  lamina* : here  the  nearest 
vessels,  namely  those  of  the  papillae  of  the  coritun  of  the  skin  or  mucous 
membranes,  are  the  seat  of  the  hypertemia.  In  the  third  place,  finally, 
hyperaunia  and  elevation  of  temperature  may  exist  locally  without  inflam- 
mation, as  is  shown  in  the  neck  after  section  of  the  sympathetic. 

Hyperaunia,  however,  is  a necessary  phenomenon  of  inflammation.  It 
determines  in  general,  in  many  cases,  the  height  of  the  inflammation.  In 
external  parts,  as  the  skin  and  bordering  mucous  membranes,  it  is  an 
especially  valuable  symptom  of  inflammation:  for  here  it  is  never  absent. 
It  varies  in  shade  of  color  from  the  palest  to  the  darkest  red,  which  depends 
partly  upon  the  severity,  partly  upon  the  cause  and  character  of  the  inflam- 
mation, partly  upon  conditions  which  an*  unknown.  For  the  most  part, 
the  redness  in  the  midfile  of  the  inflamed  part  is  darker,  and  toward  the 
periphery  assumes  a lighter  shade.  It  is  sometimes  uniform,  sometimes 
spotted,  sometimes  streaked,  etc. 

As  in  common  congestive  hvpenemia,  so  ulso  in  inflammation,  is  the  cir- 
culation a<*<  elekatkd.  But  during  the  progress  of  the  inflammation, 
especially  if  of  long  duration,  after  exudation,  etc.,  it  is  retarded. 

Samitel  ( Vireh.  Arch .,  LI.,  pp.  41-178t  lias  carried  on  experiments  on  the  influ- 
ence of  ligation  of  arteries  upon  the  origin  and  course  of  the  inflammatory  process  : 
that  influence  is  only  exceptional,  ami  to  a slight  extent  perceptible. 

How  overfilling  of  the  blood  in  a few  vessels  under  the  operation  of 
irritating  causes  so  quickly  occurs,  sometimes,  after  a previous  contraction 
of  the  small  arteries,  is  not  yet  made  clear.  Three  different  explanations 
(theories  of  inflammation)  are  offered. 


The  contraction  which  has  often  been  observed  in  the  smallest  arterial  vessels  in 
the  beginning  of  inflammation,  is  explained  by  the  convulsive  contraction  of  their 
muscles,  which,  as  is  known,  are  strongly  developed  precisely  in  the  smallest  vessels. 
Also  in  the  capillaries  independent  contraction  and  dilatation  have  been  observed. 

Of  the  three  theories  of  inflammation,  each  is  to  a certain  extent  intelligible, 
but  no  one  wholly  so. 

According  to  the  spasmodic  theory,  the  accumulation  of  blood  depends  upon  a 
cramp  of  the  smallest  arteries  or  veins.  This  is  produced  by  the  irritant  in  the  same 
place  and  j>oint.  or  it  is  reflex  in  origin  through  the  irritation  of  a cooling  of  the  skin, 
etc.  (Cullen,  Eisknmann,  IJut'cKK;.  This  theory  is  untenable,  because  it  does  not 
explain  all  inflammations:  *. g. , those  caused  directly  by  warmth,  those  arising  from 
an  interruption  of  the  venous  current. 

According  to  the  parai.ytic  theory  (Vacca.  Wilson,  Hastings.  Stilling),  the 
irritation  affects  only  the  sensory  nerves,  e.g.  of  the  skin,  and  produces  an  antagonistic 
paralysis  in  the  vasomotor  nerves.  The  vessels  then,  in  consequence  of  the  paralysis 
of  their  nerves,  relax,  dilate,  and  receive  more  blood.  It  is  opposed  to  this  theory, 
that  retardation  of  the  blood  depends  only  upon  partial  dilatation  of  the  arteries,  while 
uniform  dilatations  of  them  by  reducing  the  friction  accelerate  the  blood-current. 

According  to  the  attraction-theory  (IIallek.  Langknbeck,  Emmert,  J. 
Vogel),  or  the  assumption  of  a nutritive  irritation  (Virchow),  an  increased 
attraction  between  the  parenchyma  of  organs  and  the  blood  is  the  cause  of  the  slower 
movement  of  the  blood.  Or.  according  to  Virchow,  it  is  the  cell  in  itself,  without 
the  intervention  of  the  nerves  and  of  the  blood,  which  is  excited  to  increased  nutritive 
activity,  to  greater  metamorphosis,  and  to  new-formation ; ami  the  more  quickly  this 
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takos  place,  the  more  it  runs  the  danger  even  of  destruction,  the  more  is  the  process 
to  be  looked  upon  as  inflammatory.  In  support  of  this  view  it  is  asserted  that  from  the 
experiments  of  H.  Weber,  as  well  as  of  Schuler.  Boner,  Bdciihexm,  0.  Weber. 
arrest  of  the  circulation  also  gives  rise  to  inflammation  or  stasis.  If,  especially  in 
a frog  after  section  of  the  nerves,  the  arteries  and  veins  of  an  extremity  be  ligated, 
ami  then  caustic  alkalies,  ammonia,  acetic  acid,  common  salt,  carbonate  of  soda,  salt- 
petre. chloride  of  calcium,  urea,  corrosive  sublimate,  tartar  emetic,  nitrate  of  silver, 
tincture  of  cantharides,  iodide  of  potassium,  etc.,  be  brought  in  contact  with  the  web, 
in  which  the  circulation  is  completely  arrested,  the  blood  will  stream  from  out  of  the 
arteries  into  the  capillaries  and  heap  up,  and  even  from  out  of  the  veins  it  will  flow 
backward  into  the  capillaries  of  the  irritated  region.  If  the  circulation  be  re-estab- 
lished the  stasis  will  remain.  (If,  instead  of  ammonia,  etc.,  saturated  solutions  of 
Epsom  salts,  sulphate  of  soda,  acetate  of  zinc,  etc.,  be  used,  the  stasis  will  disappear 
after  the  release  of  the  circulation.)  Distilled  water,  solution  of  gum,  phosphate  of 
soda,  alum,  tannin,  etc.,  are  in  free  as  well  as  in  arrested  circulation,  without  influ- 
ence. 

According  to  Samuel  ( Virch,  Arch,,  18(18.  XLIJI.,  p.  552 ; 1870,  LI.,  p.  178), 
inflammation  of  the  ear  of  the  rabbit  by  cold,  heat,  or  cauterization,  offers  the  same 
symptoms  of  acute  inflammation  as  in  man.  Disturbance  of  the  circulation  is  the 
most  prominent  of  all  the  phenomena.  It  consists  in  the  “analysis  of  the  blood” 
(thus  Samuel  terms  the  accumulation  of  the  colorless  blood-corpuscles  against  the 
wall  of  the  vessel,  etc. ) in  the  veins  during  the  undisturbed  blood-flow  into  them  from 
the  arteries.  The  changes  of  calibre  of  the  vessels,  which,  according  to  Cohnhki.m, 
et  a/,,  are  essential  forces  of  this  “analysis,”  Samuel  holds  to  be  contingent.  He 
lays  the  greatest  weight  on  the  changes  op  the  vessel-walls,  whereby  they  lose 
their  smoothness,  tone,  and  contractility.  The  disturbance  of  nutrition  consists  in  a 
changed  influence  of  the  internal  wall  on  the  blood,  in  greater  permeability  of  the 
vessel-wall;  finally,  in  increase  in  size,  whereby  the  number  of  channels  acces- 
sible to  the  blood  is  increased  (new-formation  of  vessels).  Besides,  S.  lays  weight  on 
the  whole  blood,  which  is  poorer  in  colorless  corpuscles,  and  on  the  coagulation  of 
the  blood  at  the  focus  of  inflammation,  wherein  is  a source  of  emboli.  The  “ blood- 
analvsis”  in  the  veins  is  more  marked  than  in  the  arteries,  because  fluids  which  may 
come  iu  contact  with  the  vessel-wall,  deprived  of  their  activity  in  a purely  mechanical 
manner  through  the  strong  transudation  stream  from  arterial  regions,  become,  on  the 
other  hand,  very  favorable  to  it  through  the  current  of  resorption  on  the  part  of  the 
veins. 

SAVIOTTI  ( Virch.  Arch.,  1870,  L.,  p.  592) ' describes  two  series  of  changes  in  the 
circulation  in  the  web  of  the  frog  after  application  of  irritants.  In  one  and  the  most 
frequent  series  (by  dilute  caustic  soda,  concentrated  acetic  acid,  dilute  sulphuric  acid, 
croton  oil,  ether,  solutions  of  alum,  carbonate  of  soda,  saltpetre,  soda,  etc.  ) there  are 
dilatation  of  the  arteries,  then  of  the  capillaries  and  veins,  and  simultaneous  accel- 
eration of  the  circulation — true  active  hypercemia ; afterwards,  contraction  of  the 
arteries  and  retardation  of  the  circulation — anaemia.  Herewith  may  bo  connected  : 
anaemia  of  the  capillaries ; formation  of  border  zones  in  the  small,  less  often  in  the 
large  veins  and  capillaries,  rarely  in  the  arteries,  because  by  arterial  contraction  the 
vis  a-tergo  diminishes,  or  also  in  consequence  of  direct  changes  of  the  capillary  wall ; 
stasis  in  the  capillaries  and  small  veins,  seldom  in  the  large  veins,  almost  never  in  the 
arteries.  In  the  second  series  (especially  by  ammonia  and  some  of  its  salts) 
there  appears,  immediately  after  their  use,  a contraction,  first  mentioned  by  the 
author,  of  the  arteries  with  retardation  of  the  circulation,  which  lasts  from  a few 
seconds  to  some  minutes  Afterwards  dilatation  of  the  vessels  appears  with  accelera- 
tion of  the  circulation,  and  then  secondary  contraction,  so-called,  of  the  arteries, 
with  retardation  of  the  circulation.  The  primary  contraction  is  probably  a local 
phenomenon,  and  is  dependent  either  upon  a direct  effect  of  the  irritant  upon  tho 
arterial  wall,  or  is  a local  nervous  phenomenon.  Dilatation  is  probably  also  of  a local 
nervous  nature,  not  dependent  on  a direct  aetion  upon  the  muscles  of  the  vessels. 
From  S.’s  experiments  it  follows  that  the  spasmodic  as  well  as  the  paralytic  theories 
of  inflammatory  hypenemia  are  founded  on  fact,  but  are  both  incorrect  iu  so  far  as 
they  are  exclusive. 

SaviottI  saw  in  Holtz's  experiment  of  striking  the  abdomen  of  the  frog 
that  the  arteries  of  the  web  contracted,  many  capillaries  became  empty,  and  the  cir- 
culation slow.  If  after  a few  seconds  the  striking  was  stopped,  the  circulation  soon 
again  became  regular.  Frequently  the  arteries  passed  into  a condition  of  dilatation. 
Similar  to  the  effects  produced  in  the  striking  experiment  are  those  of  pricking 
the  skin  of  the  abdomen  or  back,  pinching  of  the  finger  with  the  pincers,  application 
of  chemical  substances  upon  the  body,  the  electric  current.  Contractions  appear 
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immediately  or  in  a few  seconds  after  the  irritation  : usually  more  intense  in  the 
first  ease  than  in  the  second.  If  contraction  takes  place  at  once,  the  circulation 
comes  to  a sudden  stand-still.  If  the  appearance  of  the  contraction  be  comparatively 
slow,  the  diameter  of  the  arteries  will  be  shorter,  with  proportionate  diminution  of 
the  quantity  of  blood.  The  contractions  lasts  ten  to  thirty  seconds:  then  the  circu- 
lation again  assumes  its  previous  pace.  In  veins  of  medium  calibre,  only  once  did 
8.  see  a slight  contraction.  It  is  doubtful  whether  it  is  like  that  of  the  arteries  or  is 
a consequence  of  the  diminished  quantity  flowing  into  them. 

8.  discusses  farther,  whether  the  contractions  of  the  arteries  are  identical  with  the 
rhythmical  contraction,  so  called,  of  the  arteries  which  ScuiFF  first  observed  in  the 
rabbit’s  ear,  8.  also  in  frog's  web,  or  whether  they  depend  upon  the  changes  in  the 
heart’s  action,  which  appears  on  irritation  of  the  sensitive  nerves  (Goltz,  <,(  id. ),  or 
whether  they  are  peculiar  contractions  of  a reflex  character.  From  his  experiments, 
S.  decides  in  favor  of  the  latter  ; the  contractions  do  not  appear  after  section  of  the 
sciatic  nerve  in  the  corresponding  extremity,  but  in  the  web  of  the  other  limb. 

That  at  the  focus  of  inflammation  and  in  its  neighborhood,  greater  quantities  of 
blood  are  in  circulation,  is  manifested  by  the  appearance  of  the  part,  the  pulse-beat, 
according  to  MosKXQElL  (Arch,  f.  kUn.  Chir.,  1871,  XIII.,  p.  70)  the  fuller  and 
stronger  pulse  of  the  corresponding  extremity  in  (Utm  pari  son  with  that  of  the  other. 
The  change  in  the  pulse  is  due  to  a relaxation  of  the  vessel’s  muscular  coat. 

The  behavior  of  the  LYMPHATICS  of  inflamed  parts  has  been  little  investi- 
gated: in  part  on  the  dead  body,  in  part  experimentally,  in  part  clinically. 
From  clinical  observations  it  has  lung  been  known  that  many  substances, 
especially  the  poison  of  dead  bodies,  and  the  virus  of  syphilis,  give  rise  to 
an  inflammation  of  the  lymphatic  vessels  and  glands;  special  histological 
investigations  of  the  lymphatics  themselves  are  wanting.  A.  dilatation  of 
the  lymphatics,  probably  with  increased  function  of  the  same,  is  recognized 
in  many  superficial  inflammations  of  the  skin  (beneath  and  about  blisters, 
pock-pustules,  etc.),  in  inflammations  of  many  serous  membranes,  especially 
of  the  pleura  with  serous,  fibrinous,  and  purulent  exudation.  .More  rarely, 
the  dilated  lymphatics  are  tilled  with  fibrinous  coagula.  Least  known  is 
the  behavior  of  the  lymphatics  in  inflamed  parenchymata. 


L 'iscrt  ( Virrh.  Arch.,  XLIY. , p.  38.V)  caused  traumatic  inflammations  in  the  dia- 
phragms and  testicles  of  rabbits  and  dogs.  In  the  mesentery  he  observed  the  lympha- 
tic sheaths  in  the  course  of  the  inflammation  collapse  more  and  more,  the  quantity  of 
the  contained  lymph  diminish,  the  lymph-stream  become  slower,  and  cease  entirely. 
In  the  testicles  inflamed  traumationlly,  the  lymphatics  were  in  some  cases  in  gTeat 
part  preserved,  not  closed,  but  open  and  discharging  upon  the  surface  of  the  wound  ; 
in  other  cases,  on  the  contrary,  they  were,  in  the  immediate  neighborhood  of  the 
wound,  filled  with  a inass  consisting  of  pus,  fat.  and  detritus.  In  like  manner  did 
most  of  the  remaining  eases  behave : closure  succeeded  early,  sometimes  after  twenty- 
four  hours.  Never  was  the  closure  dependent  upon  compression  bv  the  increased 
growth  of  the  tissue. 

'The  Author  (Arch.  d.  Ib ilk  . XT.,  p.  43)  found  in  recent  sero  fibrinous  pleuritis 
almost  constant  changes  in  the  lymphatics  : most  often  dilatation  of  them  and  filling 
np  with  a clear  liquid,  poor  in  corpuscles;  once  filling  up  of  them  with  a mass  like 
coagulated  fibrin.  In  older  cases  of  pleuritis  the  endothelia  of  the  lymphatics  were 
mostly  enlarged,  more  cylindrical,  not  infrequently  with  double  nucleus.  In  snppu- 
rative  pleuritis  there  likewise  occur  dilatations  of  the  lymphatics,  and  filling  up  of 
them  with  an  albumino-fatty  substance.  In  the  neighborhood  of  common  abscesses 
of  the  liver  there  are  not  infrequently  found  extreme  dilatation  of  the  perivascular 
lymphatics  and  a deformity  of  the  hepatic  cells,  caused  by  compression. 

Schotte  ( Arch.  f.  Annt.  v.  PhynoL,  I860,  p.  467)  observed  a tolerably  quick  and 
Complete  absorption  of  iodide  of  potassium,  etc. , by  the  suppurating  pleural  cavity. 

1 ice  verm,  after  the  internal  use  of  these  substances,  they  were  again  found  in  the 
pleural  pus. 

The  ke'  ond  principal  phenomenon  of  inflammation  is  exudation  and 
SUPPURATION. 
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The  two  products,  fluid  and  cellular  exudation  (Pus),  occur  almost  always 
together,  but  in  the  most  varying  proportions. 

Exudation  is  the  most  important  part  of  the  processes  of  infi.am 
si  ati on,  and  is  never  absent,  although  often  to  be  perceived  only  by  the  micro- 
scope. It  is  not  infrequently  the  first  and,  in  inflammations  of  internal 
organs,  the  only  demonstrable  change  of  the  inflammatory  process.  It  occurs 
alike  in  vascular  and  in  non- vascular,  in  solid  and  soft  parts,  in  membranes 
and  parenchymata. 

With  respect  to  their  seat,  exudations  are  distinguished  as  free,  inter- 
stitial, and  parenchymatous. 

Free  exudation  is  found  upon  free  surfaces,  and  within  the  natura. 
cavities  of  the  body  (external  skin,  mucous  membranes,  gland-ducts,  acini 
of  the  glands,  alveoli  of  the  lungs,  serous  membranes).  This  exudation  is 
connected  more  with  the  processes  of  secretion. 

Instertitial  (or  infiltrated)  exudation  is  found  between  the  tissues  and 
parts  of  tissues,  which,  if  theyTire  firm,  it  separates;  if  softer,  it  destroys 
(laminated  epithelium,  connective  tissue  of  the  most  various  parts,  brain 
etc.). 

Parenchy.matous  exudation,  which  has  its  analogue  in  common  nutri- 
tion, is  seated  within  the  tissues  themselves,  especially  in  epithelial  and 
glandular  cells  of  every  kind,  in  connective  tissue  and  bone-corpuscles.  The 
cells  become  larger,  their  contents  more  abundant,  and  for  the  most  part 
more  clouded  by  molecules  of  albumen  than  in  the  normal  state  : albu- 
minous infiltration. 

In  many  cases  two  and  even  all  three  exudations  are  found  at  the  same 
time  in  the  same  organ. 

While  the  two  latter  exudations  mostly  remain  a longer  time,  free  exu- 
dation is  either  immediately  or  after  a shorter  time  passed  to  the  exterior 
(intestinal  canal,  urinary  passages,  etc.) ; or  it  penetrates  still  deeper  into 
the  organs  (eg.,  from  out  of  the  smallest  bronchi  into  the  alveoli  of  the 
lungs) — displacement  and  retention  of  the  exudation. 

The  QUANTITY  of  exudation  varies  extremely : according  to  the  intensity 
of  the  causes  of  the  inflammation,  the  character  of  the  exudation,  its  seat, 
and  the  kind  of  tissue  affected.  It  varies  from  a minimum  to  many  pounds. 
The  most  abundant  are  the  free  exudations  of  serous  membranes  and  many 
mucous  membranes. 

With  respect  to  quality,  exudations  are  serous,  siucous,  fibrinous, 
and  mixed.  In  each  of  these  exudations  there  is  a slight  admixture  of 
cells  analogous  to  colorless  blood-corpuscles.  If  their  quantity  be  increased, 
there  result  purulent  exudation,  or  the  mixed  forms  of  this:  the  sero- 
rURULENT,  the  MUCO-PURULENT,  the  CROUPOUS,  and  the  DIPHTHERITIC.  If 
the  exudation  contains  red  globules  in  greater  quantity,  it  is  called  haemor- 
rhagic. All  these  exudations  show  transitions  among  themselves. 

The  chemical  character  of  the  exudations  is  on  the  whole  still  obscure  : 
because  they  are  almost  never  examined  in  the  fresh  state  and  are  rarely 
pure,  because  of  the  existing  imperfect  knowledge  of  albuminous  bodies, 
etc. 

Serous  exudations  are  not  essentially  different  from  transudations.  They 
are  mostly  clouded  by  colorless  blood-corpuscles,  more  rarely  by  small  por- 
tions of  fibrin,  by  cells  separated  from  the  organs  affected,  and  by  oil-globules. 
In  other  respects  serum  has  all  the  peculiarities  of  blood-serum,  except  that 
it  has  somewhat  less  albumen  and  more  water.  Serous  exudations  upon 
free  surfaces  are  called  flux  (serous  catarrh)  ; into  serous  cavities, 
inflammatory  dropsy;  into  tissues,  inflammatory  (edema;  under  the 
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epidermis  and  uppermost  layers  of  the  pavement  epithelium  of  the  mucous 
membranes,  serous  vesicles,  etc.  A serous  exudation  containing  more 
albumen  is  called  albuminous.  It  is  found  in  many  inflammations  of  the 
kidnevs,  where  albuminous  urine  is  excreted  (albuminuria),  of  the  intestinal 
canal  (dysentery),  etc.  To  this  class  belongs  also  parenchymatous  exuda- 
tion (vule  #u]>ra).  Between  serous  anti  albuminous  exudations  there  are 
numerous  transitions. 

An  essential  distinction  was  formerly  held  to  exist  between  inflammatory  exuda- 
tions and  dropsical  effusions.  Since,  howerer,  A.  Schmidt  (p.  155)  has  shown  that 
all  transudations  are  coagulable,  and  that  the  red  blood -corpuscles  (because  they 
could  be  replaced  by  a solution  of  hannatoglobulin),  induce  coagulation  chemically 
(not  in  their  character  as  living  cells),  this  distinction  comes  to  nothing. 

Dondkrs  (Nederl.  lane.,  Nov.,  1849)  found  the  clear  watery  liquid,  which  is  dis- 
charged in  the  first  stage  of  nasal  catarrh,  with  a strongly  alkaline  reaction ; in  its 
drying  up  there  are  formed  abundant  crystals  of  sal-ammoniac,  less  of  common  salt. 

Many  serous  exudations  are  probably  founded  on  affections  of  the  nerves.  Thus, 
e.g. . primary  and  metastatic  serous,  or  polymorphous  parotitis  (mumps).  This  accords, 
perhaps,  with  the  teaching  of  the  known  physiological  experiment.  If  the  excretory 
duct  of  the  subinaxillary  salivary  gland  be  ligated,  and  the  nerve  arising  from  the 
chorda  tj/mpani  irritated,  the  gland  will  become  filled  with  saliva.  After  the  secre- 
tion is  exhausted,  there  appears  a form  of  oedema  of  the  gland,  whereby  it  becomes 
three  to  six  times  larger  than  the  gland  of  the  other  side,  and  the  lobules  separated 
by  witle  intervening  spaces  ; in  these,  as  iu  the  vicinity  of  the  glands,  there  is 
found  an  abundant  serous  liquid. 

Concerning  the  formation  of  vesicles  in  the  skin  of  man,  consult  Voigt,  Arch.  d. 
Hcilk.,  1809,  X.,  p.  210;  concerning  that  in  the  skin  of  the  frog,  BlKSI.VDKCKI, 
I'ntrrt.,  1872,  p.  00. 

Mucous  exudation  is  sometimes  not  to  be  distinguished  from  normal 
mucus,  sometimes  it  is  thicker,  mostly,  however,  thinner  than  the  latter. 
It  occurs  oftonest  on  mucous  membranes,  and  forms  mucous  catarrh. 
These  exudations  have  their  origin  in  the  production  in  increased  quantities 
of  liquid  mucus  by  the  epithelium  of  the  mucous  membrane  and  mucous 
glands,  and  in  the  mixing  of  this  with  the  increased  flow  from  out  of  the 
vessels,  or  migrated  colorless  blood-corpuscles. 

Noteworthy  CHANGES  in  the  three  above-mentioned  exudations  seldom 
occur,  especially  because  soon  after  formation  they  are  removed  from  the 
body.  Otherwise  they  manifest  not  infrequently  a sort  of  inspissation, 
which  iu  mucous  exudation  may,  iu  turn,  lie  followed  by  liquefaction. 

Fibrinous  exudation  consists  of  fibrin,  which  the  hyperaemic  vessels 
yield  in  liquid  form,  but  immediately  after  its  exit  from  the  vessels  it  co- 
agulates into  fibres,  and  within  the  spaces  between  these  serum  is  confined. 
Besides  the  fibrin,  the  serum  is  found  in  varying  proportion  : sometimes  so 
little  of  it,  that  it  is  only  confined  within  the  intermediate  spaces  of  the 
fibrin:  true  fibrinous  exudation;  sometimes  in  greater  quantity  within 
the  cavity  of  the  serous  sac:  serofibrinous  exudation.  The  serum  then 
is  clear  or  cloudy.  There  are  almost  always  mixed  with  the  exudation  pus- 
corpuscles,  i.e.,  migrated  white  blood  corpuscles,  in  varying  quantity  ; abun- 
dant admixture  of  these  constitutes  the  fibri xo-purulent  exudation.  All 
these  exudutions  occur  purest  ou  the  surface  of  serous  membranes. 

According  to  A.  Schmidt,  coagulation  of  inflammatory  exudations  upon  free  sur- 
faces, as  well  as  within  parenchymata.  is  dependent  partly  upon  the  admixture  of 
blood-corpuscles,  partly  upon  the  distention  of  the  bloodvessels  with  blood -corpuscles. 
Thereby  the  pressure  upon  the  vessel-walls  is  considerably  increased,  so  that  a trans- 
udution  takes  place,  not  as  in  dropsy  through  healthy  vessels,  but  through  those  that 
are  diseased,  and  acts  like  a foreign  substance. 

17 
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. ^r.KMMrNa  ( Vireh . Arch. , 1872,  LVT.,  p.  140)  holds  that  the  fine  fibrinous  net-work 
in  artificial  inflammation  occurring'  in  the  subcutaneous  connective  tissue  of  dogs  and 
rabbits  does  not  have  its  origin  in  the  blood,  but  is  a secondary  product  of  the  inflam- 
matory state. 

The  fibrinous  exudation  of  serous  membranes  is  at  first  a very  thin,, 
hardly  recognizable,  variously  thick  (to  many  lines),  sometimes  homogen- 
eous, sometimes  in  places  or  throughout  netted  or  flaky,  moist  and  translu- 
cent layer  of  gray  or  yellowish-white  color,  and  adheres  quite  firmly  to  the 
subjacent  tissue.  J lie  section-surface  is  likewise  colored,  moist  in  varying 
degree,  seldom  entirely  uniform,  and  likewise  for  the  most  part  reticulated. 

Micboscopically,  fresh  fibrinous  exudation  appears  rarely  as  an  uniformly 
thin,  bright  substance,  from  which  numerous  irregular  tufts  stand  out ; it 
forms  mostly  a net-work  of  fine  fibres  of  varying  thickness  and  size,  rounded, 
with  the  intervening  spaces  filled  with  serum.  The  endothelia  of  serous 
membranes  are  preserved  under  the  exudation,  sometimes  normal,  more 
rarely  clouded,  or  having  many  nuclei.  The  lymphatics  of  the  serous  mem- 
branes are  for  the  most  part  widely  dilated,  filled  with  clear  liquid,  also  in 
rare  cases  with  fibrin.  The  older  and  thicker  exudation  of  fibrin  consists  of 
tl:e  same  fibrin-fibres,  in  whose  larger  spaces  serum  is  found  partly  free, 
partly  confined  in  a fine  fibrous  net-work.  With  the  serum  are  udmixed 
mostly  common  or  swollen  pus-corpuscles.  The  endothelium  of  serous 
membranes  reacts  sometimes  as  in  fresh  exudations,  sometimes  it  is  increased. 
The  lymphatics  are  usually  still  farther  dilated.  The  serous  membrane 
itself  is  normal  in  pure  cases  of  fibrinous  exudation. 

Consult  the  Author  {Arch.  d,  Hcitk. , 1870,  XI.,  p.  4‘5),  as  well  as  the  different  state- 
ments of  Virchow,  Buiil  (1.  c.),  Rindflklscii  ( Lehrb. , 1871,  p.  220).  According  to 
Ranvikr  {Now.  diet.,  1870.  XIJT.,  p.  675),  endothelia  are  again  found  in  the  midst 
of  the  fibrinous  layers  of  the  serous  membranes : they  have  very  odd  forms,  and 
often  contain  a very  great  number  of  nuclei,  like  giant-cells. 

In  other  organs  pure  fibrinous  exudation  seldom  occurs.  Especially 
do  the  so-called  fibrinous  exudations  upon  mucous  membranes,  perhaps  also 
those  in  the  lungs  and  kidneys,  have  a character  similar  in  gross  to  coagu- 
lated fibrin,  but  under  microscopic  investigation,  etc.,  are  for  the  most  part 
altogether  different  (see  Croupous  exudation).  Mixtures  of  fibrin,  on  the 
other  hand,  are  not  infrequently  found,  especially  in  serous  exudations: 
also  upon  serous  membranes  in  inflammatory  exudations  of  the  epithelium 
and  of  the  corium  of  the  skin  and  of  mucous  membranes,  in  many  intense 
inflammations  of  the  sub-mucous  tissue,  of  the  stomach,  intestines,  etc. 

The  metamorphoses  of  fibrinous  exudation  are:  desiccation,  connective- 
tissue-like  transformation,  fatty  degeneration,  and  calcification.  These 
never  affect  the  fibrin  alone,  but  always  also  the  serum  and  the  cells  in  it. 

Drytng,  couni  pic  at  ion,  shrivelling  up  of  the  fibrin  takes  place  only  in  small 
quantities  of  it.  It  becomes  gradually  harder  and  drier,  can  no  longer  be  split  into 
fine  fibrillm,  but  only  into  flake-like  fragments  ; acetic  acid  gradually  loses  its  effect 
upon  it.  The  fibrin  is  changed  into  a homogeneous  or  coarse-piuhed,  connective 
tissue-like  mass,  which  swells  up  in  acetic  acid,  but  neither  cell-nuclei  (except 
perhaps  those  of  the  included  colorless  blood-corpuscles)  nor  connective  tissue  cor- 
puscles appear  : fihrinous  tissue.  The  fibrin  swells  up  from  absorption  of  serum, 
becomes  softer,  translucent:  (EDEMA  of  the  fibrin.  In  the  fibrin  there  appear  num- 
erous very  small  OIL-GLOBULES.  In  less  degree  this  takes  place  mostly  very  soon 
after  the  excretion  of  the  fibrin,  and  then  is  only  to  be  seen  by  microscopic  examina- 
tion. In  higher  degree  it  introduces  resorption  of  the  fibrin  : the  exudation  becomes 
yellowish  and  grayish,  brittle  and  greasy.  Fatty  metamorphosis  for  the  most  part 
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affects  only  the  cells  included  within  the  fibrin.  The  fibrin  calcifies,  becoming  a 
fixed,  continuous  stone-like  mass,  or  a kind  of  mortar,  the  exudation  thereby  becomes 
less,  and  assumes  a whitish  or  yellowish  color. 

The  mode  of  resorption  of  fibrinous  exudations  is  in  detail  still  little 
known.  The  purely  fibrinous  portion  of  such  exudations  appears  first  to 
pass  through  a sort  of  liquefaction.  The  serum  is  simply  resorbed  as  the 
resorbing  vessels  are  again  accessible,  or  are  newly  formed. 

In  cases  of  pleuritic  exudations  the  opportunity  is  sometimes  had  of  convincing 
one’s  self  of  their  long  duration,  and  of  the  trifling  changes  of  the  fibrinous  portion 
of  the  exudations.  In  four  such  cases,  which  afforded  autopsies,  one  to  four 
years  after  the  beginning  of  the  exudation,  I saw  the  fibrinous  masses  attached  to 
the  thickened  costal  pleura,  still  thick  and  little  changed  microscopically.  The 
microscope  showed  only  fatty  metamorphosis  of  the  cells  within  the  fibrin,  which 
itself  had  not  suffered  any  essential  change. 

A so-called  organization  of  the  fibrin,  i. e. , a transformation  of  it  into  vascular 
connective  tissue  does  not  occur.  Formerly  fibrinous  and  “plastic”  exudations 
were  held  to  be  identical,  from  which  were  developed  pseudo-membranes,  hyper- 
trophy of  the  connective  tissue  of  organs,  cicatricial  tissue,  etc.  Where  fibrinous 
exudation  and  new-formed  vascular  connective  tissue  happen  together,  the  latter 
had  its  origin  from  the  original  tissues  and  grew  into  the  latter. 

Purulent  exudation  occurs  either  in  a pure  state,  or  is  mixed  in 
varying  proportions  with  the  other  exudations.  Pus  is  its  essential 
ingredient. 

Pus  in  a pure  and  fresh  state  is  a creamy,  yellowish  liquid  without 
odor,  or  with  a somewhat  sweetish  smell,  and  with  an  alkaline  reaction.  It 
consists  of  pus-serum  and  pus-corpuscles. 

Pus-serum  is  a clear,  pale  or  light-yellow  liquid  with  alkaline  reaction. 
It  is  coagulated  by  boiling.  Its  essential  ingredients  are  water,  albumen 
( 1 — I per  cent.),  fibrinoplastic  substance,  salts  like  those  of  blood-sermn  and 
extractive  matters.  In  pus,  which  has  suffered  change,  are  found  casein, 
mucin,  pvin,  etc.  Sometimes  serum  is  almost  entirely  absent  in  fresh  pus. 

Pus-oorpusules  (pus-cells)  resemble  the  colorless  blood-corpuscles. 

Pus-corpuscles  are  round,  granular,  about  0.01  mm.  in  diameter,  not  infrequently 
smaller  or  larger,  contractile  and  movable.  Their  so-called  membrane  is  smooth  or 
uniformly  inainmilated.  Their  contents  are  uniformly  granular,  and  possess  little 
or  no  transparency.  After  the  addition  of  various  sul  (stances,  there  appears  a single, 
double  or  triple,  or  even  a manifold  nucleus,  commonly  without  nucleolus;  the 
nuclei  vary  according  to  their  numberiu  size,  are  round  or  oval,  sharply  defined,  bright, 
sometimes  showing  a central  depression.  Under  the  action  of  common  or  distilled 
water,  or  very  thin  liquids  (f.g. , urine),  very  dilute  acids,  etc.,  pus-corpuscles 
enlarge,  their  membranes  becomes  smooth,  their  contents  in  consequence  of  the 
absorption  of  water  transparent,  their  nuclei  prominent,  many  at  la-t  burst;  in 
many  the  nucleus  also  swells  up.  By  acetic  acid,  and  dilute  mineral  acids  the  mem- 
brane and  contents  become  bo  transparent  that  only  the  nuclei  remain  visible  ; the 
latter  have  a sharper  contour  and  are  smaller.  By  solutions  of  neutral  alkaline  salts 
pus-corpuscles  are  made  to  shrivel  together  and  lose  their  sharp  contour.  By  caustic 
alkalies,  bile,  solutions  of  glyco-  and  tauro-cholate  of  soda,  thev  are  destroyed. 

According  to  Huizinga  (A fed.  Cmtr.,  1868,  No.  4),  pus-cells  (from  a frog’s  eye 
which  had  been  inflamed  by  cauterization  by  nitrate  of  silver)  instantly  become 
globular  by  carbonic  acid  aud  ammonia,  and  lose  all  contractility. 

Besides  the  common  pus-corpuscles,  there  are  sometimes  also  found  those  which 
are  twice  ns  large,  and  sometimes  contain  only  one  or  few,  sometimes  very  many 
nuclei.  It  is  doubtful  whether  they  represent  a simple  hypertrophy  ( Bizzoz.kko), 
or  whether  they  owe  their  origin  to  a coalition  of  two  colorless  blood -corpuscles 
(Axel  Key). 

Not  infrequently  pus  stinks,  without  being  in  a high  degree  corrupt,  from  the 
sulphuretted  hydrogen,  which  is  formed  out  of  the  protein  compounds  of  pus. 
Bone-pua  sometimes  smells  because  of  phosphuretted  hydrogen.  In  localities  on 
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the  skin  supplied  with  numerous  sebaceous  glands,  the  smell  of  pus  reminds  one  of 
butyric  acid.  Pus  commonly  stinks  worst,  when  it  has  had  its  origin  near  the  intes- 
tinal canal  and  there  has  stagnated  a long  time,  as  in  abscesses  of  the  abdominal 
muscles,  circumscribed  suppurative  peritonitis : due  in  each  case  to  a diffusion  of 
intestinal  gases. 

Concerning  the  chemical  composition  of  pus,  consult  Mikscher  ( Mcd.-chem . 
Unters.,  1871,  4.  II.,  p.  441),  and  Hoppe-Seyler  (!/>.,  p.  486).  According  to 
Matiiiku  (Guz.  hfb(l.y  1871,  14.  July  and  1872,  No.  21),  O.  is  entirely  or  almost  en- 
tirely wanting  in  pus,  while  H,  N.  and  CO.,  are  present.  H also  is  rarely  found.  N 
is  present  in  small  quantity,  CO,  always  in  large  quantity  (27-10!)  vol.  %). 

Specific  pus,  so-called  (syphilitic  pus,  small-pox  pus,  pus  of  glanders), 
is  not  distinguished  histologically  and  chemically  from  common  pus  ( vide 
Pyaemia). 

Besides  pus-corpuscles,  pus  contains  almost  invariably  free  nuclei,  some  red 
blood-corpuscles,  sometimes  also  accidental  admixtures,  as  epithelium, 
connective  tissue  remains,  crystals  of  the  triple  phosphates,  infusoria,  etc. 

Sometimes  pus  is  not  yellow-colored,  but  has  a reddish,  bluish,  or  green 
color. 

The  causes  of  the  many  peculiar  colors  of  pus  are  known  only  in  part.  A 
yellowish-red  or  reddish  coloring  depends  almost  always  upon  the  blood,  rarely  upon 
crystals  of  hromatoidin.  The  BLUE  (and  the  rarer  GREEN)  pus  depends,  according 
to  Mkky,  K re  MBS,  LOcke,  and  others  on  a vibrio.  This  is  probably  brought 
with  the  dressings  into  contact  with  suppurating  or  moist  wounds,  and  by  the 
warmth  of  the  body,  moisture  and  albuminous  nutriment,  they  increase  so  greatly 
that  the  dressings  are  colored  blue  by  it.  Besides,  pus  is  never  blue,  but  always  the 
dressings  saturated  with  pus-serum,  often  also  the  epidermis.  CllALVET  has  ob- 
served, and  LOcke  has  experimentally  demonstrated,  that  wounds  in  the  neighbor- 
hood may  become  infected  from  those  sick  with  wounds  which  secrete  blue  pus. 
The  blue  color  can  be  separated  in  crystalline  form,  pyo-cyanin  (Fordos  and 
LOcke).  As  pyo-cyanin  appears  sometimes  blue,  sometimes  green,  so  the  color 
changes  also  on  the  compresses,  sometimes  in  the  same  individual,  and  in  the  trans- 
porting substances  green  may  come  from  the  blue,  and  vice  versa.  A thick  creamy 
pus  and  excessive  secretion  of  it  offer  an  unfavorable  soil  for  the  development  of 
vibrios.  The  progress  of  disease  as  such  has  no  influence  upon  the  development  of 
vibrios,  and  their  presence  has  as  little  upon  the  process  of  healing  (LOcke,  Arch.  f. 
klin.  C/iir.,  III.,  p.  185).— Alany  cases  of  blue  pus  depend  upon  the  excretion  of 
vivianite  (H.  Sciiiff). 

The  relation  of  pus  to  the  tissues  varies.  Either  pus  is  found  on  the 
surface  of  the  skin,  mucous  membranes,  inclusive  of  the  gland-ducts 
(blenorrhcea,  pyorrhoea),  serous  membranes  (empyema) : epithelial,  sec- 
retory, or  superficial  suppuration;  or  it  lies  in  the  interior  of  mem- 
branous or  parenchymatous  organs:  parenchymatous  or  deep  suppuration. 

If  the  rus  is  on  the  surface  of  organs,  the  corresponding  membranes,  etc. ; 
beneath,  are,  to  the  naked  eye,  either  normal,  without  loss  of  substance,  etc., 
or  they  show  small  and  the  least  superficial  losses  of  substance — affecting 
the  epithelium — often  recognizable  only  by  attentive  observation,  or  with 
the  lens:  erosions;  or  they  form  an  ulcer,  i.e.,  a deeper  loss  of  substance, 
not  only  affecting  the  epithelium,  but  even  extending  into  the  tissue  of  the 
affected  membrane,  a solution  of  continuity,  which  heals  sometimes 
quickly,  sometimes  from  local  or  general  causes  more  slowly,  or,  indeed,  not 
at  all,  and  is  the  source  of  a continuous  formation  of  pus.  Individually, 
ulcers  are  of  very  different  character:  first,  with  respect  to  their  form, 
(round,  etc.,  superficial  or  deep) ; then  with  respect  to  the  character  of  the 
base  and  its  secretion  (serum,  pus,  ichor,  etc.),  then  with  respect  to  that  of 
the  edges  (soft,  hard,  callous,  undermined,  etc.),  and  of  the  neigh  boiing 
tissues  (normal,  inflamed,  pigmented,  etc.)  If  the  ulcer  is  sinuous  it  lorins, 
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for  example,  a communication  between  the  skin  externally,  or  a mucous 
membrane  on  the  one  hand,  and  a deep-lying  organ  on  the  other  hand,  and 
is  called  a FISTULA  in  the  broader  sense,  or  fistulous  ulcer.  A fistula,  in 
the  narrower  sense,  is  a communication  between  the  skin  or  mucous  mem- 
brane and  a gland  or  gland-duct,  and  gives  passage  to  a part  of  the  glandu- 
lar secretion. 

If  the  PUS  lies  in*  the  interior  of  membranous  or  parenchymatous  organs, 
it  assumes  either  the  form  of  an  abscess  (abaces»us,  apos tenia),  i.e.,  it  is 
deposited  into  a sharply  defined,  new-formed  cavities  of  varying  size,  which 
are  more  rarely  located  in  epithelia  (epithelial  abscess),  oftener  in  other 
kinds  of  tissue  (common  abscesses).  In  the  locality  of  the  abscess  the 
affected  parts  of  the  parenchyma  (fibres  of  all  kinds,  glandular  cells,  bone- 
substance,  etc.)  for  the  most  part  disappear,  to  a small  extent  are  pushed  to 
one  side.  Or  the  pus  takes  the  form  of  an  infiltration,  of  a ditfuse 
abscess,  i.e.,  the  ingredients  of  pus  lie  between  the  connective  elements 
(purulent  infiltration,  suppurative  inflammation,  with  a greater  proportion  of 
serum,  purulent  oedema).  The  connective  elements  are  thereby  at  first  oidy 
pressed  together.  But  if  the  pus  is  not  soon  removed  they  soften  and  dis- 
appear in  different  ways  in  different  tissues:  suppurative  liquefaction. 
Ksjtecially  distinct  is  this  in  transversely  striated  muscles,  in  the  liver, 
brain.  Purulent  infiltration  is  the  first  step  of  abscess. 

In  the  tissue  around  the  purulent  infiltration  and  most  fresh  abscesses 
there  is  found  a collateral  hypenemia  and  oedema,  which  latter  some- 
times consists  in  a tenser  filling  of  the  lymphatics.  The  tissues  around 
older  abscesses,  as  well  as  all  chronic  ulcers,  exhibits  an  induration 
of  tissue:  inflammatory  induration.  This  happens  when  the  vessels  are 
hvpenemic,  and  the  connective  tissue  corpuscles  increase  or  are  filled  with 
albuminous  masses.  The  surrounding  tissues  can  finally,  in  the  whole  cir- 
cuit or  only  here  and  there,  pass  into  suppuration  : the  latter  then  results 
in  the  opening  or  perforation  of  the  abscess. 

Metastahtic  abscesses  are  distinguished  from  common  abscesses,  especially  by 
their  origin.  The  former  are  found  especially  in  the  lungs,  liver,  spleen,  kidneys. 
They  occur  usually  in  greater  number,  are  mostly  at  the  periphery,  and  oftener  have 
a wedge-shaped  thau  a round  form  (see  p.  206). 

Abscess  from  Congestion,  or  wandering  abscess,  arises  when  a common  abscess 
spreads  out  in  one  direction  on  account  of  the  too  great  resistance  of  the  surrounding 
structures,  where  the  surrounding  parts  are  looser,  more  easily  separated  from  one 
another , and  brought  into  a suite  of  inflammation  : e g..  under  fascia?,  periosteum. 
8oI.tm.inn  (Mill,  ('tribl.,  1872,  No.  42)  has  more  accurately  followed  the  first  steps 
of  congestive  abscess  on  the  basis  of  anatomical  experiment.  Consult  also  K'Inig 
(.-IreA.  d.  Heilk. , 1870,  XI.,  p.  221) ; Billroth  ( Ueb.  d.  YerbreUnnanteegr  d.  entzundL 
Pror-  In  VoUcm.  , Snmmt.  ktin.  Vortr  , 1870.  No.  4),  and  Henke  (Unters.  d.  Ausbrei- 
tung  des  llirulegeircbes  mittelst  kiuutlicher  Infiltration,  18721. 

Pus  sometimes  occurs  pure,  sometimes  mixed  with  serous  liquid  (sero- 
purulent  exudation),  with  mucus  (catarrh  of  mucous  membranes,  blennor- 
rho*n,  pyorrhoea),  with  fibrinous  exudation  (purulo-fibrinous  exudation), 
with  blood,  etc. 

Ihe  origin  of  pus  is  accurately  known  for  certain  localities  by  experi- 
mental investigations.  Pus-serum  is  the  exuded  liquor  of  the  blood  : 
SEROUS  EXUDATION.  TlIE  PUS-CORPUSCLES  ARE  ALL,  OR  BY  FAR  THE  GREATEST 
portion  of  them,  in  vascular  as  well  as  in  non-vascular  tissues,  migrated 
white  BLOOD-COUPUSiT.ES  ; A SMALL  PORTION  HAVE  PERHAPS  A DIFFERENT 
origin.  Until  now  the  following  modes  of  origin  have  been  in  part  observed 
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on  the  living  animal,  in  part  inferred  as  a matter  of  probability,  from  ex 
animation  of  dead  tissues:  division  of  pre-existing  cell-forms  (epithelium, 
connective  tissue,  corneal  and  muscle  corpuscles),  division  of  wandering  cells, 
• and  of  pus-corpuscles  themselves  ; endogenous  cell-formation,  by  the  common 
mode  with  division  of  the  nucleus  (in  cartilage-cells)  as  well  as  especially 
by  the  tree  mode,  i.e.,  without  division  of  the  nucleus  (particularly  in  epi- 
thelium) ; metamorphosis  of  fixed  spindle-shaped  or  radiate  connective 
tissue  and  analogous  corpuscles  into  movable  or  wandering  cells. 

Observations  upou  dead,  fresh  or  hardened  preparations,  with  respect 
to  the  question  of  the  origin  of  pus,  become  of  value  only  with  more 
fixed  regard  to  experimento-pathological  results.  With  respect  to  the 
migration  of  colorless  corpuscles  from  out  of  the  veins  and  capillaries,  those 
preparations  speak  in  favor  of  it,  which  in  the  immediate  vicinity  of  those 
vessels  show  bordering  rows  of  pus-corpuscles,  as  in  many  acute  inflamma- 
tions of  the  skiu  (variola),  in  suppurative  meningitis;  also  those  in  which 
those  vessels  are  distended  with  white  blood-corpuscles,  like  those  in  many 
granulations.  \V  ith  respect  to  the  other  mode  of  origin,  there  are  results 
which  have  been  reached  in  acute  catarrhs  of  the  mucous  membranes  and 
in  recent  inflammations  of  serous  membranes,  and  which  indicate  that  pus- 
corpuscles  have  their  origin  within,  or  out  of  epi-  or  endothelium. 

ItiCMAK  ( Virch.  Arch.,  XX.,  p.  198)  first  found  an  endogenous  origin  of  pus-cor- 
puscles in  the  epithelium  of  the  urinary  bladder.  Bom,  (lb.,  XVI.,  p.  1(58;  XXI., 
p.  480)  saw  the  same  in  the  epithelium  of  the  lungs  and  bile-duets.  Rindfi.eisch 
< lb.,  XXI.,  p.  48(5)  places  the  origin  ot  pus-corpuscles  in  artificial  catarrh  in  animals 
and  in  man  in  tho  epithelium  or  sub-epithelial  connective  tissue.  BdTTCiiKR  (lb. , 
XXXVIII.,  p.428)  observed  endogenous  formation  of  pus-corpuscles  in  the  gums. 
Eberth  lib.,  XXI.,  p.  10(5)  saw  the  same.  But  all  these  results  can  be  explained  also 
in  other  ways.  The  epithelial  suppuration  discovered  by  Kimkk  ( Virch.  Arch., 
XXXVIII.,  p.  428)  in  the  intestinal  canal,  was  later  by  himself  pronounced  t > be  a 
development  of  psorospenns.  According  to  Volkmann  and  Steudkner  (Med.  Ccntr. , 
18(58,  No.  17,  and  Arch,  f rnicr.  Anat.,  IV.,  p.  188),  the  appearance  of  an  endogenous 
cell-formation  in  cancers  and  during  suppuration  may  also  have  its  origiu  in  that 
smaller  cells  (in  suppuration,  e.g.,  the  migrated  colorless  blood-corpuscles)  are  pressed 
into  larger  ones,  and  are  completely  inclosed  within  them.  Hei.eek  [Erlang. 
Silzgxber. , May,  1872)  also  has  shown  that  in  intense  catarrh  of  mucous  membranes 
there  is  an  increase  of  tho  physiological  production  of  epithelial  elements,  and  that 
a part  of  these  formations,  without  farther  development,  may  be  mixed  with  the 
secretion  being  discharged.  These  also  may  exist  as  transition  forms  between  epi- 
thelium and  pus-corpuscles.  See  also  Bizzozero’s  observations  on  the  anterior 
chamber  of  the  eye  (1.  c.,  p.  82o). 

The  white  blood-corpuscles  in  many  localities  besides  passing  through  the 
walls  of  the  veins  and  capillaries,  pass  through  a second  membrane  essen- 
tially different  in  structure ; in  the  trachea  and  bronchi  in  catarrhal  and 
croupous  inflammations  the,  at  least  in  the  former  locality,  thick  basement 
membrane;  in  the  kidneys,  the  wall  of  the  urinary  tubules;  in  the  cornea,  in 
many  forms  of  pannus  the  anterior  layer. 

Observations  of  Rindflkiscii,  Iwanoff,  A.  Key. 

The  CAUSES  ok  suppuration  are  those  of  inflammation  chiefly,  as  soon  as 
these  reach  a high  grade.  In  external  parts  the  causes  are  especially  wounds, 
in  which  are  foreign  bodies  of  more  or  less  irritating  character.  Suppura- 
tion occurs  very  easily  in  some  internal  organs  (mucous  membranes,  serous 
membranes,  lungs),  more  rarely  in  others  (muscles,  bones),  or  very  rarely 
(thyroid  gland). 
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Metamorphoses  of  pus  appear,  if  it  is  not  removed  from  the  body, 
naturally  or  artificially,  immediately  after  its  formation.  They  affect  the 
corpuscles  as  well  as  the  serum.  They  are  of  importance  with  respect  to 
the  future  of  the  pus  itself,  of  the  affected  tissues,  and  sometimes  of  the 
whole  organism. 

Resorption  of  pus,  and  of  the  serum  directly,  of  the  corpuscles  perhaps 
by  migration  again  into  the  lymphatics,  but  mostly  after  previous  fatty 
metamorphosis,  occurs  in  a greater  or  less  degree  as  well  in  pus  of  the 
natural  cavities  of  the  hotly  as  in  that  infiltrated,  aud  in  abscesses. 

Evacuation  of  pus  takes  place  upon  the  external  surface,  upon  mucous 
membranes,  through  normal  orifices,  out  of  internal  organs  after  previous 
communication  with  those  parts. 

Inspiration,  or  cheesy  metamorphosis  of  pus,  by  resorption  of  the 
serum  and  simple  atrophy,  sometimes  also  at  the  same  time  by  fatty  meta- 
morphosis, or  partly  by  calcification  of  the  pus-corpuscles,  is  found  espe- 
cially in  deposits  of  pus  in  natural  cavities  communicating  or  not  with  the 
surface  of  the  body,  and  in  abscesses.  Thereby  pus  becomes  changed  into 
a thick,  more  or  less  dry,  even  cheesy,  grayish-yellow  muss,  which  bears  the 
closest  similarity  to  yellow  tubercle.  Therefore  this  transformation  is  also 
called  tuberculization  of  pus.  Many  tubercles,  so-called  («.//.  of  the 
lungs,  lymphatic  glands,  bones,  etc.),  are  nothing  more  than  deposits  of  j*us 
thus  transformed.  The  causes  of  this  change  lie  partly  in  local,  partly  in 
general  conditions.  The  former  are  found  especially  in  the  fine  bronchi,  and 
in  osseous  tissue;  the  latter  in  man  with  the  so-called  tuberculous  habit. 
In  rabbits  cheesy  transformation  of  pus  is  a regular  process. 

Cheesy  foci  are,  according  to  Billroth,  sometimes  present  from  the  beginning. 
They  arise  in  an  accumulation  of  new-formed  cells  without  liquid  inter  cellular  sub- 
stance, the  latter  in  consequence  of  less  vascularization.  B.  culls  the  process  * * non  vas- 
cular or  dry  necrosis."  Something  similar  is  seen  in  the  rabbit  after  the  passage 
subcutaneously  of  a sefcon ; after  a few  days  there  is  found  around  the  seton,  not 
common  pus,  but  a yellow,  cheesy  mass. 

Calcification  of  pus  occurs  rarely  in  large  deposits  of  pus,  or  only  in  a 
part  of  them,  and  is  the  origin  of  concretions  varying  in  hardness  to  that 
of  a stone. 

Mucous  metamorphosis  of  pus,  especially  of  [ms-corpuscles,  occurs  in 
many  large  and  small  pus  cavities,  in  pus  of  the  alveoli  of  the  lungs  fin 
pneumonia),  etc. 

I<  horous  transformation,  or  putrefaction  of  pus,  consists  in  its  change 
into  a sometimes  pale,  sometimes  (by  haemorrhage)  brownish,  thin  liquid, 
U’HOR,  which  has  a bad  smell,  and  corrodes  normal  and  pathological  struc- 
tures. Under  the  microscope  pus- corpuscles  are  seen  in  very  small  quan- 
tity, are  even  almost  wanting,  their  granular  condition  is  gone,  their  nuclei 
are  distinct.  Besides,  there  are  found  flattened,  fatty,  and  simply  atrophic 
pus-corpuscles. 

Croupous  EXUDATION,  on  account  of  its  similarity  with  fibrinous  exuda- 
tion. is  in  many  ways  confounded  with  it,  but  from  its  nature  and  origin  is 
entirely  distinct  from  it. 

Croupous  exudation  is  found  almost  only  upon  superficial  organs,  which 
are  covered  by  a true,  mostly  laminated  epithelium;  upon  mucous  mem- 
branes (oftenest  on  the  tonsils,  gums,  throat,  air-passages,  more  rarely  in 
other  parts),  in  a modified  way  also  under  the  horny  layer  ol  the  skin.  It 
sometimes  occurs  pure,  sometimes  in  transitions  into  mucous  or  purulent 
exudation.  On  the  mucous  membranes  mentioned  it  forms  either  a sub- 
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stance  extended  over  larger  surfaces,  and,  with  respect  to  its  form,  flat, 
tubular,  or  cylindrical,  grayish-white,  homogeneous  or  reticulated,  little 
transparent,  elastic  and  similar  to  freshly  coagulated  fibrin;  which  sub- 
stance at  first  adheres  quite  firmly  to  the  subjacent  layer:  croupous  mem- 
brane ; or,  larger  or  smaller,  isolated,  similarly  constituted  spots : deposits. 
After  a little  time  the  exudation  (membrane  as  well  as  deposit)  is  colored 
somewhat  darker  (more  yellowish  or  dirty),  and  becomes  less  elastic  and 
loses  its  connection  with  the  subjacent  layer.  The  latter,  the  affected 
mucous  membrane,  etc.,  is  at  first  intensely  liypemmic  and  uniformly 
swollen.  After  spontaneous  separation  of  the  croup-membrane  the  hyper- 
semia  disappears ; if  in  the  meanwhile  death  does  not  supervene,  the 
mucous  membrane  is  completely  restored  to  its  normal  state. 

Microscopic  examination  of  the  croup-membrane  reveals  a light,  homo- 
geneous, bright,  0.02-0.002  mm.  thick,  net-work,  the  rounded  spaces  of 
which  contain  mostly  serum,  or  pus-corpuscles,  or  free  nuclei,  sometimes 
single  epithelial  cells,  in  many  cases  also  red  blood-corpuscles.  The  upper 
(free)  layer  of  the  net- work  is  a laminated  epithelium,  at  first  covered  by 
the  uppermost  layer  of  cells;  later,  this  layer  disappears,  so  that  the  net- 
work is  naked  or  covered  by  various  forms  of  fungus.  The  lower  surface 
of  the  network  (toward  the  mucous  or  cutaneous  tissues,  etc.)  limits  the 
lowest  layer  of  the  (unchanged)  epithelium,  or  lies  immediately  upon  the 
surface  of  the  hype  Hemic  cellular  infiltrated  or  non  infiltrated  mucous 
membrane,  etc.  The  net-work  itself  shows  a remarkably  great  resistance  to 
heat  and  all  chemical  reagents. 

The  net-work  of  croup-membrane  occupies  the  place  of  the  epithelium, 
and  has  its  origin  in  a peculiar  metamorphosis  of  that  epithelium.  While 
the  epithelium  in  common  epithelial  suppuration  is  quickly  ruined  by 
softening,  etc.,  here  it  is  transformed  into  peculiarly  broken  masses,  the 
remains  of  which  are  not  filled  by  cells  or  liquid  like  the  other  resistant 
net-work  which  resembles  coagulated  fibrin. 

Croupous  metamorphosis,  so-called,  of  epithelium  begins  with  a general 
enlargement  of  the  cells,  which  depends  upon  an  increase  of  the  proto- 
plasm. Therein  arise  many  points,  up  to  0.01  mm.  in  size,  for  the  most  part 
sharply  defined  from  the  beginning,  round  or  oval,  at  first  in  the  periphery, 
later  at  the  centre  of  the  cells.  Between  these  the  cell-substance  becomes 
darker,  blighter,  and  presents  a porous  or  indented  appearance,  dependent 
on  the  number  and  arrangement  of  those  points:  at  the  same  time  it  be- 
comes strikingly  resistant.  Besides,  during  the  gradual  disappearance  of 
the  nucleus  similar  new  points  arise,  whereby  the  whole  cell  assumes  an 
appearance  still  more  porous.  The  points  in  the  beginning  are  still  sur- 
rounded, here  and  there,  by  thicker  or  thinner  protoplasmic  layers,  until 
the  latter  entirely  disappear,  and  the  cells  become  pierced  by  a great  num- 
ber of  pores  and  are  toothed  at  the  periphery.  These  projections  are  fused 
with  the  neighboring  cells,  but  can  be  again  isolated  by  artificial  means.  'I  he 
round  cells  often  appear  empty ; oftener,  however,  they  contain  a nucleus 
or  a pus-corpuscle  whose  origin  is  still  a matter  in  question  : probably  the 
latter  are  immigrated  colorless  blood-corpuscles.  Besides  epithelia  thus 
changed,  are  always  found  those  which  contain  either  only  one  pus-cor- 
puscle, or  many  such  in  one  round  or  oval  cavity — six  and  more. 

The  microscopic  processes  here  just  described  are  best  demonstrated  by  placing  fresh 
membranes  into  Muller's  fluid,  whereby  they  finally  break  up  into  the  original 
porous  masses,  of  which  each  corresponds  to  an  epithelial  cell.  Information  is  sqme- 
times  furnished  also  by  sufficiently  fine  sections  which  at  the  same  time  include  the 
border  of  the  croupous  deposit  and  the  normal  surrounding  tissue. 
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The  above  view  of  the  author  has  been  met  by  many  doubts.  Nassiloff  ( Virch. 
A rch. , L. , p.  550)  explains  the  peculiar  changes  of  form  of  the  epithelium  by  the  fact, 
that  the  cells  have  become  contractile  in  the  same  manner  as  this  happens  in  corneal 
epithelium  from  irritation  (Recklinghausen,  Hoffmann,  Stkickkk).  In  another 
place  X.  declares  the  fibres  of  the  net-work  to  lie  fibrin. 

According  to  Oektel  (I).  A.f.  kl.  Med.,  1871,  VIII.,  p.  242),  the  peculiar  cells  of 
the  croupous  membrane  have  their  origin  through  coagulation  of  the  hy;diue  mov- 
able protoplasm.  The  latter  has  its  origin  in  the  fluid  contents  of  the  epithelial 
cells ; the  membrane  is  not  concerned  in  it ; the  nucleus  often  shows  processes  of 
division.  On  another  point.  O.  believes  that  most  of  the  peculiarly  formed  epithelial 
remains  have  their  origin  in  vegetation-processes  of  fungi,  which  have  drawn  from 
them  a part  of  their  nourishment. 

Consult  further  the  adverse  views  of  BoLDYREW  {Arch  f.  AnaL,  Phy*.,  v.  s.  tc., 
1872.  p.  75)  and  Steudknkk  ( Virch.  Arch.,  1872,  LIY.,  p.  500).  Roth  regard  the 
net-work  analogous  to  the  fibrinous  net- work  of  inflamed  serous  membranes. (?) 

Croupous-diphtheritic  exudation  occurs  in  the  same  localities,  as  pure 
croupous  exudation,  oftenest  on  the  soft  palate  and  tonsils.  The  surface 
of  the  affected  mucous  membrane  shows  sometimes  the  same  connected 
membrane,  as  in  croupous  exudation;  sometimes  only  the  deposits  are 
found.  The  tissue  of  the  mucous  membrane  itself,  however,  not  infre- 
quently also  the  sub-mucous  and  even  still  deeper  tissues  ( muscle- fibres), 
are  from  the  beginning  much  more  intensely  hypkr.emiu  and  more  swol- 
len. After  a few  days  tin-  hypenvmia  disappears,  the  parts  are  now  so 
closely  occupied  by  pus- corpuscles  and  free  nuclei,  here  ami  there  also  by 
extnivasated  blood,  that  they  ap|»ear  thickened,  bloodless  and  uniformly 
gray  or  grayish-yellow  or  brownish-red  ; and  in  the  higher  grades  of 
the  disorder  a return  to  the  normal  state  never  happens,  but  instead  a 
gangrenous  throwing  off  of  the  intiltrated  parts. 

Between  the  crou|»ous  and  croujio us-diphtheritic  exudations  there  is  every 
possible  transition,  whilst  sometimes  the  epithelial  change,  sometimes  the 
infiltration  of  mucous  membrane,  preponderates.  The  severer  forms  of  the 
latter  form  the  pure  diphtheritic  exudation  of  authors. 


Diphtheritic  exudation  is.  according  to  the  old  view,  a common  fibrinons  exu- 
dation. which  is  not  deposited,  or  only  in  part,  upon  the  free  surface  of  the  inflamed 
part,  but  altogether  or  in  great  part  within  its  tissue,  and  on  this  account  is  followed 
by  a compression  of  the  vessels  and  gangrenous  death  of  the  tissue.  According  to 
\l®t  now  ( lldh.  d.  Path.,  I.,  p.  292  ; heutxche  Kite i.t  18(14,  Xo.  4),  there  is  no  exuda- 
tion, but  the  tissue-elements,  especially  the  cells,  are  found  to  be,  quickly  filled  with 
a cloudy  substance  and  to  be  destroyed  by  fatty  metamorphosis : according  to  this 
the  principal  thing  is  necrobiosis. 

According  to  Bum,  (1.  c.),  diphtheritic  exudation  (diphtheritic,  diphtheria,  acute 
necrosis,  etc.)  has  its  origin  iu  a “ fibrin-like  connective  tissue  growth  *’  of  such  high 
grade,  upon  free  surfaces  as  well  as  in  parenchymata,  that  compression  of  the  new- 
formed  and  old  vessels,  amentia,  and  finally  destruction  of  the  new  formed  and  old 
tissue,  result.  Through  abundant  appearance  of  molecules  into  the  cells  and  fluid 
parenchyma  it  becomes  cloudy  and  yellow,  dry  and  brittle.  If  the  crusted  mass  be 
taktm  off.  there  will  lie  left  a loss  of  substance  or  an  ulcer,  which  affects  only  the 
pseudo-membrane,  or  at  the  same  time  also  the  subjacent  membrane.  If  the  crust 
be  confined  to  the  i>seudo-menibrane  only,  there  will  go  on  under  it  an  active  regen- 
eration of  the  epithelium,  which  results  in  a removal  of  the  crust.  If  encrusted 
pseudo-membrane  remains  in  connection  with  the  part  affected,  it  becomes  cheesy 
and  then  represents  a form  of  yellow  tubercle  : this  is  resorbed . or  it  crumbles  off 
and  leaves  a loss  of  snlmtance.  If  the  crust  also  reaches  into  the  skin  lying  under 
the  pseudo-membrane,  the  skin  degenerates  or  there  results,  after  falling  off  of  the 
crust,  a loss  of  substance,  which  may  be  regenerated  out  of  the  connective  tissue. 
In  a ater  work  Bum,  regards  “diphtheritic  infiltration  ” as  consisting  of  cells  analo- 
gous to  the  colorless  blood -corpuscles,  but  especially  of  free  nuclei.  Like  all  others, 
be  places  the  greatest  stress  u|>on  the  number  of  nuclei  and  upon  the  resulting 
antenna  and  necrosis.  He  shows,  besides,  the  aualogy  of  the  diphtheritic  infiltration 
with  the  infiltration.,  of  other  infectious  diseases,  e.g. , of  indurated  chancre,  tuber- 
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culous  infiltration,  epidemic  cerebro-spinal  meningitis,  etc.  He  regards  diphtheritic 
as  a general  disease,  and  proposes  therefor  the  name  *•  acute  tissue-necrosis;”  he  pro- 
poses this  as  opposed  to  inflammatory,  typhous,  scarlatinous,  tuberculous,  etc.,  tissue- 
necrosis.  Croup  and  diphtheritis  B.  regards  as  widely  distinct. 

OtCRTEl.  (1.  c. ) found  in  diphtheritis  the  often  great,  nuclear  infiltration,  not  only 
in  the  diphtheritic  mucous  membrane,  but  in  almost  all  organs,  us,  e.g..  in  the  lungs, 
in  the  connective  tissue  of  the  muscles,  in  the  kidneys,  stomach,  vessel-walls,  nerve- 
sheaths,  cerebral  and  spinal  meninges,  even  in  the  gray  substance  of  the  spinal  cord. 

The  relation  of  the  croupous  and  of  the  croupous-diphtheritic  or  of  the 
pure  diphtheritic  exudation  to  one  another  probably  varies  in  different 
localities  and  different  times.  It  possesses  the  greatest  interest  in  diphthe- 
ritis of  the  throat  and  laryngeal  croup.  In  the  lighter  forms  of  pharyngeal 
diphtheritis  occurring  here  (in  Leipsic)  there  is  found  a croup-membrane  of 
the  affected  mucous  membrane,  after  the  falling  off  of  which  the  hypenernic 
mucous  membrane  itself  is  uninjured,  and  the  epithelium  is  quickly  regene- 
rated. In  severer  cases  either  the  same  croup-membrane  of  the  palate 
(tonsils,  palate-arches,  uvula,  etc.)  is  present,  but  the  danger  depends  upon 
its  extension  into  the  larynx.  Or,  on  the  parts  mentioned  of  the  palate 
there  is  found  beneath  the  croup-membrane  a dense  cellular  and  nuclear  in- 
filtration, which  in  rare  cases  becomes  dangerous  from  gangrene. 

In  the  greater  number  of  fatal  cases  of  laryngeal  croup,  diphtheritic  exudation  is 
found  on  the  soft  palate ; croupous  exudation  in  the  larynx,  trachea  and  large 
bronchi ; catarrhal,  i.e. , muco-purulent  exudation  in  the  fine  bronchi,  especially  of 
the  lower  lobes. 

A combination  of  epithelial  suppuration  with  diphtheritis.  1 found,  oftonest  in  the 
oesophagus,  in  two  different  forms  : either  in  parts  of  its  superficial  mucous  mem- 
brane pus  is  found  in  most  of  the  epithelium,  while  the  remainder  shows  the  croupy 
metamorphosis  ; or  pus-fonnation  is  shown  in  sharply  circumscribed  portions  of  the 
epithelium,  while  other  in  sharply  circumscribed  portions  show  croupous  metamor- 
phosis (1.  c.  p.  457). 

The  relations  of  croupous  and  of  diphtheritic  exudations  to  the  whole 
organism  vary  notwithstanding  numerous  histological  analogies.  Pure 
croupous  exudation  has  an  especial  local  action  which  in  certain  localities 
(larynx)  is  often  fatal  in  children  from  purely  mechanical  causes.  The 
lymphatic  glands  belonging  to  the  affected  mucous  membrane  are  only  little 
swollen.  Pure  diphtheritic  exudation  is  associated  with  a severe,  for  the 
most  part  febrile  general  disturbance,  related  in  the  same  manner  as  are 
the  eruption  on  the  skin  and  the  constitutional  symptoms  in  acute  exanthe- 
mata, whilst  others  regard  the  general  disturbance  as  consequences  of  the 
local  pharyngeal  diphtheritis.  The  lymphatic  glands  concerned  swell  in  a 
short  time  and  usually  to  a great  degree.  In  severer  cases  of  pharyngeal 
diphtheritis  there  are  not  infrequently  found  albuminuria,  and  haunorrbuges 
in  various  parts  of  the  body;  and  therewith  fever  of  varying  intensity,  etc. 
Between  these  two  forms  there  occur  manifold  transitions. 

The  numerous  clinical,  histological,  and  experimental  works  which  for  years  past 
have  made  up  our  literature,  have  upon  all  these  practically  so  important  questions 
(and  treatment)  furnished  very  little  information.  Practitioners  are  in  part,  unable 
to  distinguish  many  common  inflammations  of  the  throat  and  pharyngeal  diphthe- 
ritis. Also  many  histological  works  are  on  similar  grounds  useless.  Experimenters 
have  not  taken  the  trouble  to  investigate  with  accuracy,  whether  the  diseases  called 
forth  by  them  in  animals  agree  with  those  in  man.  Add  to  this,  that  in  the  same 
place  at  different  times,  still  more  in  different  places,  there  appear  very  different 
cases  especially  of  pharyngeal  diphtheritis.  Croupous  metamorphosis  probably 
occurs  only  in  the  above  described  croupous  deposits  and  croup-membrane.  Many 
other  croupous  exudations,  so-called,  as  of  the  intestinal  canal,  urinary  bladder,  etc., 
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are  of  a purely  fibrinous  nature.  Still  other  croupous  exudations,  as  of  the  intes- 
tine in  dysentery,  of  the  uterine  mucous  membrane  in  many  croupous  and  diphthe- 
ritic forms  of  endometritis  of  the  puerperal  state  are  dependent  upon  compact  cell 
and  granular  deposits  into  the  tissue  of  the  mucous  membrane  itself.  The  origin  of 
croupous  exudations  of  the  bronchi  in  chronic  croupous  or  fibrinous  bronchitis,  in 
croupous  pneumonia,  etc.,  is  not  yet  sufficiently  well  established. 

The  word  " diphtheritis  ” or  "diphtheria,”  first  introduced  by  Bretonneac.  is 
used  in  very  different  senses : sometimes  etymologically  (membranous),  histologically 
(fibrino-purulo-luemorrhagic  infiltration)  ; sometimes  symptomatically  (gray -yellowish 
deposits  upon  or  within  the  mucous  membrane) ; sometimes  clinically ; sometimes 
epidemiologically ; sometimes,  finally,  in  a mixed  sense.  Most  general  is  the  bad 
habit  of  calling  every  inflammation  of  the  throat  with  hyperscmia  and  yellowish  spots 
diphtheritis,  as  well  as  applying  the  term  diphtheritis  to  affections  altogether  different 
histologically.  It  is  also  hardly  an  advantage  to  call,  with  Bretonnkau,  the  known 
specific  throat  affection  “ diphtheria,”  and  then  again  to  apply  to  the  yellowish  de- 
posits upon  or  within  the  mucous  membranes,  etc.,  the  word  diphtheritis. — Consult 
Virchow  (ArcJi.,  1847.  I.,  p.  253),  Bretonneac  (.4rc/c  gen.,  1855),  the  Author 
(Lo.),  Ruber  (Arch.  d.  llcilk.,  18(>1),  X.,p.  103),  Senator  ( Virch.  Arch.,  1872,  LVI.). 

Croupous  and  diphtheritic  exudations  are  primary  and  secondary.  The 
above  views  concern  especially  the  primary  ol'  these  forms  of  exudations. 
Secondary  exudations  are  found  in  the  same  localities,  besides  in  the  mucous 
membrane  of  the  oesophagus,  vagina,  urinary  bladder,  gall-bladder,  perhaps 
also  of  the  stomach,  intestinal  canal,  etc. 

The  question  concerning  the  identity  of  the  diphtheritis  of  wounds 
and  that  of  THE  THROAT,  and  of  other  mucous  membranes,  is  still  open. 
External  appearances,  course,  origin,  and  microscopical  examination  differ 
in  many  respects  in  the  two  affections.  Inoculations  furnish  sometimes 
positive,  sometimes  negative  results. 

Rkckianghausicn  (Virch.  Arch  . L . p.  553)  inoculated  fresh  necrotic  material 
from  a patient  with  hospital  gangrene  into  the  cornea  of  a rabbit,  and  thereby  pro- 
duced a diphtheritic  keratitis.  Nassm.off  i lb.)  obtained  negative  results.  Accord- 
ing to  II  El  kero  ( 1 • rch.  Arch. , 1872,  LV.,  p.  257),  croup  and  diphtheritis  of  wounds 
is  a coagulation  of  pus,  and  a necrosis ; hospital  gangrene  is  a serpiginous  necrosis. 
Consult,  on  the  opposite  side,  Em  um. 

In  late  years  the  occurrence  of  fundi  in  diphtheritic  exudations  has 
been  almost  constantly  observed.  The  kind  of  fungus  even  is  not  yet  well  es- 
tablished. Besides,  there  still  arise  differences  of  opinion  concerning  whether 
the  fungus  is  only  accidentally  present,  or  whether  it  is  the  essential  cause  of 
the  local  and  general  disease  not  infrequently  connected  with  it : the  former 
appears  to  be  the  case  from  investigations  on  man,  the  latter  from  the  nume- 
rous experiments  by  inoculation  on  animals.  In  man,  fungi  (micrococcus, 
vibrio,  leptothrix)  occur  constantly  in  the  uppermost  layers  of  laminated 
epithelium.  1 hev  are  found  mostly  as  masses  of  globular  bacteria,  regu- 
larly also  in  the  uppermost  layers  of  not  quite  fresh  croupous  and  diphthe- 
ritic deposits. 


According  to  Bern.  (Z  f.  Biot. . 1888.  HI.,  p.  341),  a fungus  constantly  occnrs  in 
diphtheria,  which  grows  through  the  epithelial  layer  of  the  mucous  membrane.  B. 
leaves  undecided  whether  the  fungus  is  peculiar  and  necessary  to  diphtheria,  or 
whether  it  is  accidental — the  leptothrix  bucceUw. 

According  to  Nassm.off  (1.  c.).  development  of  fungus  is  primary  in  diphtheritis, 
and  is  the  cause  of  necrosis.  Diphtheritic  membranes  contain  fungi  constantly  ; the 
latter  appear  on  the  borders  of  the  changed  parts  in  the  epithelium,  even  where 
no  membrane  is  yet  formed ; they  penetrate  deeply  into  the  tissue,  following  the 
passages  of  the  juices  and  lymphatics.  According  to  N. , the  form  of  the  meshes  of 
the  net-work  changes  with  the  nearer  approach  to  the  free  surface  of  the  diphtheritic 
membrane.  The  former,  and  the  pus-corpuscles  lying  in  it,  contract,  and  on  the 
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surface  the  latter  corpuscles  disappear  almost  entirely.  The  brightness  also  of  the 
fibres  disappears,  between  them  the  meshes  become  almost  invisible,  because  they  are 
filled  with  granular  brownish  masses  (fungi).  These  masses  increase  always  upon  the 
surface  to  quite  thick  layers,  whilst  they  form  scattered  flat  masses  or  sharply  defined 
spheres.  !•  rom  the  surface  of  the  membrane  the  fungi  penetrate  deeply  in  stria;  and 
by  degrees  disappear ; many  of  these  fungus-globules,  however,  are  found  also  in  the 
lowest  layers  of  the  membrane.  Fungi  are  found  within  the  peculiarly  formed  epi- 
thelium, most  abundantly  in  the  nucleus  and  around  it;  they  decrease  toward  the 
periphery,  but  occur  also  in  the  thick  cell-processes.  Nassilokk  found  on  the  mucous 
membrane  of  the  nose  and  throat  of  a diphtheritic  person  a brown  mass,  consisting 
of  fungi.  Here  and  there,  especially  in  the  mucous  and  sub-mucous  tissue  of  the 
larynx,  in  another  case,  the  plasmatic  canals  of  the  connective  tissue  as  well  as  the 
lymphatics  were  filled  with  fungi.  In  the  former  ease  the  vomer  showed  forms  simi- 
lar to  the  lacunae  of  Howship  as  well  as  Haversian  canals,  entirely  filled  with  fungi. 
They  had  also  penetrated  throughout  the  basis  substance  of  the  cartilage  : the  con- 
tours of  the  cartilage-cells  were  indistinct  and  finally  disappeared  entirely. 

Nassilokk  (/ b.)  inoculated  diphtheritic  matter  from  the  throat  and  larynx  into  the 
cornea  of  a rabbit.  Already  on  the  first  day  there  appeared  at  the  point  of  inocula- 
tion a clouding,  and  a reddening  and  purulent  secretion  of  the  conjunctiva.  By 
microscopical  examination  of  the  cornea  on  the  second  or  third  day  after  inoculation 
the  point  of  the  operation  and  its  vicinity  was  found  to  be  gray  or  light  brown:  the 
plasmatic  canals  were  filled  in  various  degrees  with  fine  fungus  masses,  so  that,  in  a 
few  eftses,  between  them  only  a small  part  of  the  surface  was  perceptible.  Farther 
away  in  the  neighborhood  of  this  point  the  plasmatic  canals  were  filled  with  pus-cor- 
puscles, the  cornea  here  being  pure  white.  N.  found  these  fungus-masses  and  those 
from  diphtheritic  membranes  in  man  microscopically  and  micro-chemically  identical. 

Consult  also  LETZKKrcii  on  exudation  and  pus-formation  (croup  and  dipbtheritis) 
in  the  organs  of  respiration  ( Virch.  Arch.,  XLV.,  p.  327  u.  s.  tc. ; LIU.,  p.  493),  and 
Classen  (lb.,  LI I.,  p.  2(10). 

According  to  Ebbktii  (Znr  Kenntn.  der  bacterit.  Mykosen,  1872),  in  diphtheria, 
fungi  settle  first  upon  the  epithelium  of  the  corresponding  mucous  membranes,  or 
upon  the  surfaces  of  wounds,  and  later  pierce  successively  the  deeper  layers  of  epithe- 
lium, then  the  mucous  membrane  and  the  neighboring  tissues,  to  the  destruction 
even  of  firm  parts,  like  bone  and  cartilage.  The  passages  for  this  extension  are 
especially  the  lymphatics  and  fissures  in  the  tissue.  From  here  the  fungi  pass  through 
the  walls  even  of  the  larger  bloodvessels  into  the  circulation,  and  are  the  cause 
partly  of  septicaemia,  partly  of  capillary  embolisms  of  the  renal  glomeruli,  of  the 
liver,  etc.,  with  secondary  formation  of  abscesses.  The  character  of  diphtheria  is 
most  probably  a mykosis ; bacteria  are  the  bearers  of  the  contagion. 


Most  inoculations  of  croupous  and  diphtheritic  matter  have  been  made 
with  regard  to  the  fungus  character  of  the  diseases,  in  question.  As  it 
appears,  the  disease  may  be  really  induced  through  such  inoculations  into 
the  corresponding  organs. 


Trendelenburg  (Arch,  f Min.  Ghir.,  1809,  X.,  p.  720)  inoculated  fifty-two 
animals,  especially  rabbits,  mostly  upen  the  trachea  opened  from  without,  into  which 
he  commonly  introduced  croup-membrane  from  men  recently  dea  l.  In  eleven  cases 
(rabbits  and  doves)  macroscopically  and  microscopically  characteristic  croup-mem- 
branes were  found  about  25  mm.  into  the  tissue  about  the  wound ; the  mucous  mem- 
brane had  always  undergone  extensive  purulent  infiltration.  When  four  equally  large 
rabbits  had  been  in  the  same  manner  inoculated  with  tlie  same  material,  it  frequently 
happened  that  one  sickened  with  all  the  symptoms  of  croup,  and  after  death  showed 
distinct  formation  of  membrane,  while  the  second  showed  only  ecchymoses  in  the 
mucous  membrane,  the  third  was  affected  by  only  a severe  catarrh,  and  the  fourth 
retained  a completely  intact  mucous  membrane.  The  condition  was  the  same,  when 
pieces  of  membrane  had  been  sewed  into  the  tracheal  wound  so  as  to  prevent  its  being 
couched  out.  That  the  croupous  inflammation  of  the  trachea  was  not  caused  by  the 
mechanical  irritation  of  the  piece  of  membrane  brought  in  contact  with  it.  was  shown 
by  twelve  experiments,  where  only  catarrh,  not  formation  of  membrane,  resulted. 
After  tracheotomy  various  materials  were  introduced  into  the  trachea  (charpie  skin, 
caoutchouc,  writing-sand).  This  is  demonstrated  also  in  those  cast  s where  foreign 
bodies  (pearls,  plum-pits,  pieces  of  money,  etc.)  have  entered  the  human  trachea: 
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among  thirty -four  cases  collated  by  the  author,  there  never  resulted  croup,  but  only 
high  grade  of  suppuration,  bronchitis,  or  pneumonia. 

Of.utel  (Bnyr.  /»-'•,  1868,  No.  81,  and  1.  c.).  by  numerous  systematic  inoculations, 
has  demonstrated  that  the  process,  which  is  developed  after  inoculation  of  diphthe- 
ritic substances  into  the  skin  and  tissues,  is  an  altogether  specific  one.  He  does  not 
assume  therefrom  that  the  diphtheritic  affection  of  the  throat  and  air-passages  is  a 
secondary  localization  of  a process  of  infiltration  generally  distributed  over  the  whole 
body.  The  diphtheritic  oontagium  acts  much  more  where  it  acts  first,  destructively 
on  the  locality  where  it  is  situated,  and  penetrates  thence  into  the  lymphatics  and 
tissues,  until  it  destroys  life  secondarily  through  general  infection,  if  it  does  not 
sooner  kill  by  suffocation. 

The  ARTIFICIAL  production  of  croupous  exudations  by  other,  especially 
chemical  substances,  is  not  yet  certainly  proven. 

Many  cases  which  may  here  be  considered,  as  by  injection  of  ammonia  into  the 
trachea  (Strickeh-UeitZ),  resemble  pure  croup  only  on  superficial  examination. 
SoMMKRimoDT  ( Virch.  Arch.,  1872,  LV.,  p.  lfio)  has.  by  immediately  repeated  in- 
jections of  fresh  blood  and  sol.  liq.  ferri  sesquichlor.,  as  well  sis  of  the  latter  alone,  into 
the  trachea  of  dogs,  produced  " croujKms  pneumonia.” 

Hemorrhagic  exudations 

Are  those  which  contain  red  blood-corpuscles  in  great  quantity,  for  the 
most  part  in  so  great  abundance  that  the  color  of  the  exudation  thereby 
becomes  a darker  or  lighter  red.  Therein  the  red  blood-corpuscles  are 
found  either  as  almost  the  only  element,  or  with  a small  quantity  of  serum, 
and  with  very  few  white  blood-corpuscles : pure  hemorrhagic  exudation. 
Or,  besides  the  red  blood-corpuscles,  these  exudations  contain  serum  (sero- 
H emor h hagic  exudations),  or  mucus  (mugo-hemorrhagic  exudations),  or 
fibrin  (fibrino-h.emorrhagiu  exudations),  or  pus  (purulo-h.emorrhagic 
exudations) ; or  they  are  crou]>ous-diphtheritic  (oroupo-h.emorrhagiu  exuda- 
tion),— in  fact,  all  possible  proportions  can  occur  between  the  blood  and 
the  second  element  of  the  exudation. 

The  causes  of  haemorrhagic  exudations  are  not  specially  known.  Their 
general  causes  lie  at  one  time  in  the  intensity  of  congestive  hypenemia, 
introducing  every  acute  inflammation;  at  another  time  in  special  relations 
of  structure  of  the  inflamed  organs,  esjiecially  of  those  tin?  capillaries  of 
which  are  surrounded  by  a very  soft  and  yielding  tissue  (the  capillaries  of 
the  lungs  and  brain ; the  vessels  of  eroded  and  ulcerated  parts  of  the  skin 
and  mucous  membranes,  the  vessels  in  many  inflamed  parts  chiefly) ; finally, 
in  unknown  conditions  of  the  vessel-wall,  or  of  the  blood,  or  of  the  whole 
system  (as  in  haemorrhagic  measles,  scarlatina,  small-pox,  scurvy,  hierao- 
philia,  etc. — see  p.  2 If)),  perhaps  also  in  peculiarities  of  epidemics. 

In  luemorrhagic  exudations  either  the  exit  of  the  red  blood-corpuscles 
and  of  the  other  elements  of  the  exudation  (serum,  pus-corpuscles,  etc.) 
takes  place  at  the  same  time  (as  probably  in  croupous  pneumonia,  haemor- 
rhagic small-pox,  many  acute  inflammations  of  the  brain  and  kidneys)  ; or 
the  bleeding  follows  only  after  previous  exudations  of  other  kinds.  The 
exit  of  blood  itself  results  in  various  cases,  probably  in  different  ways: 
sometimes  with  laceration  of  the  vessel-wall  (per  rhtxin ),  sometimes  without 
visible  injury  of  the  vessel  (j>er  dinpesin — see  p.  211). 

With  our  present  knowledge  of  the  structure  of  the  vessels  and  inflammation,  the 
latter  mode  of  bleeding  no  longer  appears  unintelligible.  Also  the  frequent  or  con- 
stant occurrence  of  red  blood -corpuscles  in  many  inflammations  of  the  lungs  (rusty 
sputa),  of  the  brain  (red  inflammatory  cerebral  softening),  of  the  mucous  membrane 
of  the  intestines  have  been  known  a very  long  tune.  Many  inflammatory  diseases 
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may  bo  exactly  divided  into  those  in  which,  besides  blood-serum,  the  white  corpuscles 
form  the  exudation;  and  into  those,  where,  besides  the  former,  red  corpuscles  form 
the  exudation.  So  1 find  between  the  haemorrhagic  or  black,  and  between  the  common 
or  yellow  pustules  of  variola  vera  on  the  skiu  and  mucous  membranes  no  other 
distinction  than  that  the  former  contain  only  red,  the  latter  only  white  blood-cor- 
puscles within  the  cells  of  the  rete  Malpighii  which  have  swollen  up  into  large  vesicles 
{Arch.  d.  lletik .,  1868,  IX.,  p.  505).  Further,  beneath  the  diphtheritic  infiltrated 
mucous  membrane  of  the  throat  appear  croupous  deposits,  which  in  the  spaces  of  the 
net  work  contain  only  red  blood -corpuscles  (lb.,  VII.,  p 481). 

Sometimes  the  red  color  of  an  exudation  does  not  depend  upon  escaped  blood,  but 
upon  the  coloring  matter  of  the  blood  which  has  oozed  through  the  vessels,  as  in  many 
hypostatic  and  in  asthenic  inflammations. 

See  above  concerning  hcemorrhagic  exudations  having  their  origin  in  hemorrhages 
from  new-formed  vessels. 


New-formation  of  tissues  is  the  third  essential  phenomenon  of 

INFLAMMATION. 

New-formation  of  tissues  is  much  less  constant  than  hyperemia  and 
exudation.  It  occurs  especially  after  determined  causes  (wounds),  in  cer- 
tain localities  (endothelium,  epithelium — skin  and  serous  membranes),  in 
the  course  of  many  chronic  inflammations,  as  well  as  in  consequence  of 
degenerative  or  destructive  processes  in  inflammation  of  almost  every 
kind. 

New-formed  tissues  resemble  completely,  or  in  essential  points,  normal 
tissues;  or  they  deviate  from  them.  In  the  former  case  the  new-formation 
of  tissue  is  represented  as  a regeneration  of  epithelium,  connective  tissue, 
osseous  tissue,  etc.,  or  as  cicatrices,  as  inflammatory  hypertrophy  or  indura- 
tion, or  as  pseudo-membrane.  New-formed  tissues  themselves  are  oftenest 
epithelium  of  every  kind,  and  glandular  cells,  as  well  as  endothelium  ; also 
frequently  (and  in  most  all  parts)  connective  tissue  with  vessels  or  (near 
the  bones)  osseous  tissue  ; in  some  tissues,  which  consist  of  cytogenic  sub- 
stance, it  is  the  latter.  In  rarer  cases  there  arise  tubercle,  carcinoma,  and 
other  heteroplastic  new-formations. 

The  new-formation  of  vascular  connective  and  osseous  tissue,  that  of 
epithelium,  tubercle,  cancer,  etc.,  will  be  considered  later.  (Concern- 
ing desquamative  inflammation  vide  infra.)  But  the  formation  of  pseudo- 
membranes, which  on  serous,  more  rarely  on  synovial  and  mucous  mem- 
branes, represent  adhesive  inflammation,  is  usually  considered  as  inflam- 
matory, wherefore  their  consideration  belongs  here. 

In  adhesive  inflammations  of  serous  and  synovial  membranes  there 
quickly  appears  on  those  membranes  a very  vascular  granulation-tissue. 
The  new-formed  vessels  of  the  opposite  wall  of  the  serous  membrane,  etc., 
grow  until  they  meet  one  another  and  blend.  A part  of  the  vessels  recede 
while  others  become  thicker-walled  and  wider.  Simultaneously,  connective 
tissue  appears  out  of  the  granulation-tissue,  which  undergoes  the  common 
cicatricial  contraction.  Serous  cavities  and  those  of  the  joints  are  thus 
obliterated  entirely  or  in  part.  The  time  within  which  a firm  adhesion 
results  is,  from  observations  on  man,  and  from  experiments,  two  to  three 
weeks. 


The  fibrin-like  connective-tissue  growth  of  serous  membranes,  until  now  called 
fibrinous  exudation  ,is,  according  to  Bunn,  the  young  growing  connective  tissue  rising 
above  the  normal  limits  of  those  membranes.  Perpendicular  sections  show  : first,  the 
swollen  serous  membrane  provided  with  numerous  granules ; then  follows  a vascular 
layer,  which  consists  of  round  or  spindle-shaped  cells,  and  of  nuclei  as  well  as  of  a 
distinctly  fibrous  or  homogeneous  intercellular  substance;  uppermost  lies  a non- 
vascular  layer,  poor  in  cells,  consisting  of  homogeneous  fibrin.  Upon  this,  endothelial 
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colls  are  found  here  and  there,  which  show  fatty  or  mucous  metamorphosis,  or  nuclear 
proliferation.  The  two  lower  layers  pass  gradually  one  into  the  other,  while  the 
uppermost  is  separated  from  them  for  the  most  part  by  an  even  or  irregular  line. 
The  existence  of  vessels,  which  are  connected  with  the  normal  vessels,  has  been 
demonstrated  by  Bunt,  even  in  fresh  exudations  by  artificial  injection  of  them. 
The  vessels  in  the  dead  body  are  mostly  empty,  giving  the  fibrin-like  appearance  ot 
this  desmoid  tissue.  The  uppermost  layer,  according  to  Buhl,  is  like  that  1_\  ing 
under  it.  but  without  vessels,  and  with  but  few  cells. 

Besides  the  desmoid  fibrin  the  serum  present  is  the  peculiar  exudation,  and  comes 
mostly  from  out  of  the  new-formed  vessels  : so  much  the  more  as  these  vessels  in  part 
describe  greater  and  greater  excursions,  are  permeable,  and  therefore  the  blood- 
current  in  them  is  greatly  retarded.  From  out  of  this  serum,  in  many  cases,  fibrin 
separates  through  contact,  e.g.,  with  the  air,  and  commonly  floats  loosely  in  the 
liquid.  At  other  times  the  fibrinous  coagnla  of  the  surface  proceed  from  wounds, 
laceration  of  the  vascular  layer,  and  extravasation  of  fibrin.  Most  frequently  the  fibrin 
appears  to  l>e  the  product  of  the  new-formed  vessels  themselves. 

HAEMORRHAGIC  EXUDATION  of  serous  membranes  proceeds  usually  from  rupture  of 
the  uppermost  extremities  of  the  new- formed  vessels  of  the  desmoid  fibrin.  The 
blood  penetrates  partly  the  fibrinous  exudation  itself,  partly  flows  over  this  into  the 
serous  transudation.  If  the  vessels  are  tom  at  their  base,  which  is  very  rare,  they 
separate  the  fibrin  by  pieces. 

In  mucous  membranes  the  same  growing  together  of  opposite  parts 
happens  if  the  epithelium  is  destroyed,  and  the  tissue  of  the  mucous  mem- 
brane is  changed  into  vascular  granulation-tissue. 

New- formation  of  connective  tbsue  in  parexchymata  is  represented  by 
indurating  inflammations,  in  which  inter-acinous,  inter-lobular,  etc.,  connec- 
tive tissue  increases  in  quantity,  while  the  peculiar  parenchymatous  tissue 
remains  at  least  normal  in  amount.  If,  in  consequence  of  cicatricial  con- 
traction of  new-formed  connective  tissue,  the  parenchyma  loses  its  vas- 
cular and  glandular  constituents,  the  organ  grows  smaller  and  at  the  same 
time  becomes  indurated;  inflammatory  indurative  atrophy,  cirrhosis,  etc. 
Both  conditions  are  most  prominent  and  oftenest  found  in  the  liver  and 
kidneys,  less  often  in  the  mamma',  salivary  glands,  lungs  (chronic  inter- 
stitial pneumonia).  Their  causes  are  sometimes  unknown,  and  sometimes 
know'll,  as,  t.rj. , the  habitual  use  of  alcohol  as  the  cause  of  granular  liver. 


Many  of  the  new -formations  mentioned  appear  at  one  time  with  inflammatory  pheno- 
mena, at  another  time  not.  so  that  the  same  processes  can  lie  referred  as  well  to  chronic 
inflammation  ns  to  non-inllnmmatory  connective  tissue  hypertrophies.  Thus,  many 
scleroses  of  the  skin  and  mucous  membranes,  many  pulmonary,  hepatic  and  renal 
indurations,  gray  degeneration  of  the  posterior  columns  of  the  spinal  cord,  etc. 

A n e w- for  m at  ion  of  cytogexic  tissue  in  consequence  of  inflammation, 
is  not  infrequently  observed  in  the  solitary  follicles  of  the  mucous  mem- 
brane of  the  throat  and  intestines,  in  the  tonsils  and  lymphatic  glands.  It 
affects  sometimes  only  the  purely  cellular  parts,  sometimes  at  the  same  time 
also  the  delicate  stroma,  whereby  lasting  hypertrophies  often  result,  some- 
times only  the  stroma  and  the  common  sheath-w’alls  of  connective,  tissue. 

Retrogression,  or  degeneration  forms  the  last  chief  phenomenon 
OF  INFLAMMATION. 

Degenerative  processes  are  present  in  every'  inflammation.  In  the 
first  rank  aie  to  be  mentioned  changes  of  the  vessel- walls,  which  render  pos- 
sible the  passage  through  them  of  a more  abundant  liquid,  which  is  often 
of  a different,  nature,  as  well  as  of  white,  and  not  infrequently  of  red  blood- 
corpuscles,  without  the  microscope  being  as  yet  unable  to  discover  any  in- 
terruption of  structure.  The  inflammatory  changes  of  many  other  tissues 
are  more  exactly  known.  These  changes  are  frequently  so  slight  that  the 
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tissues  may,  in  spite  of  them,  return  again  to  tlie  normal  state.  Sometimes, 
only  or  chiefly,  they  consist  in  changes  of  form  : as  in  epithelial  and  in  glan- 
dular cells  which  present  the  most  manifold  changes  of  form.  < >r,  the  changes 
are  of  chemical  nature.  These  consist  oftenest  in  albuminous  infiltration, 
which,  if  not  of  too  high  grade,  (probably  also  the  slight  degrees  of  serous 
infiltration  and  of  fatty  metamorphosis,)  may  revert  entirely  to  the  normal 
state.  The  endothelium,  e.y.,  of  the  serous  membranes,  and  the  epithelium 
of  various  mucous  membranes,  the  peculiar  gland-cells  present  in  every 
inflammation  one  or  another  of  these  changes.  Mucous  metamorphosis  of 
various  epithelia  of  mucous  membranes  is  never  absent  in  inflammation  of 
them,  but  is  distinguished  in  no  essential  point  from  those  occurring  nor- 
mally. Finally,  catarrhal  inflammations  are  here  to  be  mentioned,  where 
besides  increased  production  of  mucus  and  under  slight  suppuration  the 
epithelium  is  either  not  destroyed  at  all,  or  not  to  its  lowermost  layer,  and 
in  the  latter  case  it  is  quickly  regenerated. 

At  other  times,  however,  the  degenerative  processes  of  inflammation  are 
so  intense  that  it  is  no  longer  possible  for  the  tissues  to  recover  their  nor- 
mal state.  These  processes  are  the  higher  grades  of  albuminous  and  serous 
infiltration,  of  fatty  and  croupous  metamorphosis,  of  mucous  softening. 
They  affect  cells  of  every  kind,  especially  epithelial  and  gland-cells,  fibres, 
such  as  muscle  and  nerve-fibres,  basement  tissues,  such  as  those  of  connec- 
tive tissue,  cartilaginous  and  osseous  tissue.  The  tissues  affected  are  de- 
stroyed in  consequence  of  such  degeneration,  and  it  depends  further  upon 
the  kind  and  duration  of  the  inflammation,  upon  the  kind  of  tissue  affected, 
upon  the  adjacent  tissues,  etc.,  whether  the  tissues  can  be  regenerated,  as 
is  the  case  with  most  epithelia  and  endothelia,  sometimes  with  muscle-fibres, 
osseous  tissue,  or  whether  a permanent  defect  is  engendered,  as  in  glandu- 
lar and  nerve- tissue.  Further,  in  this  connection  belong  the  recently 
directly  observed  transformation  of  persistent  cells,  e.y.,  connective-tissue 
corpuscles,  corneal  corpuscles,  into  movable  cells,  with  their  final  destruc- 
tion, or  with  their  increase,  and  transformation  into  pus-corpuscles. 

Degeneration  in  inflammation  is  most  distinct  in  many  epithelial  tissues, 
inclusive  of  gland-substance,  in  adipose  tissue,  in  the  brain  and  spinal  cord, 
in  muscular,  and  in  osseous  tissue.  Besides,  it  preponderates  in  many 
chronic  inflammations  where,  besides  a new  formation  of  connective  tissue, 
there  is  often  present  a destruction  of  the  inclosed  elements  of  glandular 
or  nervous  nature. 

In  inflammation  of  the  bones  there  is  developed  from  the  connective  tissue  of  the 
external  surface  of  the  vessels,  and  from  the  granulation-tissue  of  the  marrow,  few  or 
abundant  pus-corpuscles:  this  tissue  induces,  through  pressure  on  the  one  hand, 
through  diminished  blood  supply  on  the  other,  a consumption  of  the  bone-substance 
in  form  of  regular  or  irregular  lacuna;.  In  place  of  bone-corpuscles  are  found  pus- 
corpuscles.  and  with  their  increase  the  spaces  in  which  the  bone-cells  lie  increase  in 
size;  sometimes  so  that  the  corpuscles  and  processes  become  wider,  sometimes,  and 
for  the  most  part,  round  cavities,  as  if  chiselled  out,  are  present  in  place  of  the  pre- 
vious bone-corpuscles.  These  cavities,  first  described  by  Howsiiip,  have  their  origin, 
according  to  Vilicnow,  Forster,  etc.,  in  a disturbance  of  nutrition  of  the  osseous 
frame-work  acting  upon  the  bone -corpuscles ; according  to  Bii.i.rotu  they  are  the 
results  of  the  mechanical  action  of  the  granulation-tissue,  and  appear  as  in  living 
bones,  also  in  experimentally  inclosed  dead  bones,  and  in  pegs  of  ivory.  The  names 
more  or  less  in  use  for  these  degenerative  bone-inflammations  are  : rarefying  ostitis, 
fungous  ostitis,  fungous  caries,  inflammatory  osteoporosis. 

A number  of  degenerative  inflammatory  forms  in  soft  parts,  as  well  as  in 
bones,  pass  with  no  sharp  boundary  into  gangrene.  Theoretically,  both 
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processes  are  altogether  different;  but  practically,  manifold  intermediate 
grades  are  observed,  etiological,  pathologico-anatomical,  and  clinical. 

Jn  many  places  inflammation  is  attended  with  degenerative  and  neo-plas- 
tic processes  in  immediate  connection  with  each  other;  as  in  atrophic  in- 
crease of  fat,  in  polynuclear  bone-cells. 


SYMPTOMS  OF  INFLAMMATION. 

The  four  cardinal  symptoms  (redness,  heat,  swelling,  pain)  and  disturb- 
ances of  nutrition  are  demonstrable  only  in  acute  inflammations,  most  suc- 
cessfully in  inflammations  of  the  skin  and  subcutaneous  cellular  tissue,  as 
well  as  of  mucous  membranes  externally  accessible,  and  of  the  membranes 
of  the  eye.  In  all  other  parts  two  or  three  of  the  symptoms  named  must 
suthce  for  the  diagnosis. 

The  redness  of  inflammation  resembles  in  general  the  redness  of  conges- 
tive hvpenemia,  but  is  usually  more  intense  and  of  longer  duration. 

The  swelling  varies  with  the  degree  of  hyperemia,  with  the  kind  and 
quantity  of  exudation,  with  the  locality,  with  the  kind  of  inflamed  tissue  or 
organ,  so  that  a general  representation  of  it  is  impossible. 

The  pain  is  especially  severe  where  the  parts  are  abundantly  supplied 
with  sensitive  nerves,  and  where  the  inflamed  part  is  prevented  from  ex- 
panding (inflammation  of  the  tooth-pulp,  suppuration  under  the  nail,  unde, 
the  skin  of  the  finger,  under  fascia,  under  periosteum;  inflammation  with 
sudden  swelling  of  many  glands).  Many  inflammations  of  the  skin,  and 
especially  of  mucous  membranes,  are  attended  by  little  pain,  many  are 
entirely  painless.  Those  ol’  serous  membranes  are  in  part  very  painful. 
The  severity  of  the  pain  here  in  most  cases  stands  in  direct  ratio  to  the 
intensity  of  the  inflammation.  The  pain  sometimes  continues  uninter- 
ruptedly, sometimes  it  is  attended  by  exacerbations,  and  is  irregularly,  sel- 
dom regularly  intermittent.  It  is  of  the  most  different  quality,  in  exter- 
nal parts  not  infrequently  beating  and  pulsating,  at  other  times  tense, 
burning,  etc. 

Pain  affects  sometimes  only  the  parts  inflamed ; sometimes  it  is  present 
in  the  whole  length  of  the  nerve  of  the  part  (suppuration  in  the  finger), 
sometimes  it  radiates  to  other  branches  of  the  same  nerve  (toothache  to 
many  branches  of  the  trigeminus).  Sometimes  the  cause  of  pain  is  not 
known : in  inflammation  of  the  testicle  pain  along  the  inner  surface  of  the 
corresponding  thigh  ; in  inflammation  of  the  hip-joint,  pain  in  the  knee ; 
pain  in  the  left  shoulder  in  inflammation  of  the  heart;  in  the  right  shoulder 
iu  inflammation  of  the  liver. 

The  pain  of  inflammation  is  explained  by  the  conditions  of  pressure  and 
tension,  and  probably  by  minute,  but  still  unknown,  changes  at  the  ex- 
tremities of  the  nerves. 

The  UK  AT  OF  INFLAMMATION,  LOCAL  ELEVATION  OF  TEMPERATURE,  is  NOT 
infrequently  only  subjectively  distinct : yet  is  it  perceived  by  the  sick 
for  the  most  part  only  in  inflammations  of  external  parts,  rarely  in  those 
of  internal  organs.  But  it  is  ofteu  present  also  objectively.  Its  degree 
is  usually  in  proportion  to  the  intensity  of  the  inflammation.  It  is  mostly 
continuous.  Accurate  thermometric  investigations  have  shown  that  the 

TEMPERATURE  OF  INFLAMED  PARTS  AT  THE  PERIPHERY  18  USUALLY  LESS  THAN 
THAT  OF  THE  INTERNAL  PARTS  OF  THE  BODY;  ON  THE  OTHER  HAND,  IT  18  CER- 
TAINLY HIGHER  THAN  THAT  OF  THE  CORRESPONDING  HEALTHY  PART.  The 

cause  lies  partly  iu  the  increased  quantity  of  blood  in  the  inflamed  organ, 

18 
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partly  perhaps  in  an  increased  transformation  of  its  tissues.  And  yet  there 
are  also  many  contrary  statements. 


At  the  focus  of  inflammation,  not  only  the  temperature  is  actually  raised  objec- 
tively, but  also  its  power  ok  radiation  has  increased.  That  cold  applications  on 
inflamed  parts  very  soon  become  warm,  that  with  ice  even  the  local  heat  is  hardly 
lessened,  is  taught  by  daily  experience.  Hunter  found  the  warmth  in  inflamed  parts 
in  annuals  and  man  generally  not  higher  than  in  internal  parts.  Since  more  arterial 
blood  flows  into  inflamed  parts,  and  in  fever  a more  heated  blood,  so  parts  of  the 
skin  which  are  accustomed  to  a cooler  temperature  are  felt  to  be  insufferably  hot. 
BarensprunG  also  demonstrated  the  radiation  of  heat,  when  he  found  that  the 
thermometer  made  an  average  rise  of  1°  in  0.7  minutes  (as  in  fever),  and  that  in 
inflammations  of  the  skin  during  the  first  minute  it  rose  to  8.6J  (still  more  than  in 
fever,  where  it  amounted  toG.S)°). 

But  if  in  the  inflamed  parts  more  heat  is  produced  than  during  ordinary  tissue- 
changes,  so  this  increase  may  be  slight  and  on  this  account  hardly  measurable ; be- 
cause in  a part  pierced  by  so  many  channels  with  movable  liquid,  a temperature 
independent  of  that  of  the  blood  can  hardly  be  retained,  regardless  of  the  greater 
cooling  off  toward  the  exteriop  But  Hunter  really  found  in  some  cases,  c.y.,  in 
the  tunica  vaginalis  of  the  testicle  immediately  after  operation  for  hydrocele,  the 
temperature  of  the  tunic  C..  on  the  following  day  37.  T,  a rise  of  almost  4 C. 
BecquereL  and  Bresciiet  also  found,  by  means  of  thermo-electric  measurements, 
in  inflammatory  swellings  elevations  of  1-2°  and  more  in  contrast  with  normal  skin 
and  muscle. 

J.  Simon  (Holmes,  Syat.  of  Surg.,  18G0,  Art.  “Inflamm.,”  p.  43)  found  by 
thermo-electric  measurements,  that  arterial  blood  flowing  into  an  inflamed  extremity 
is  less  warm  than  the  focus  of  inflammation  itself ; that  venous  blood  flowing  from 
the  extremity  is  less  warm  than  the  focus  of  inflammation,  but  warmer  than  the 
blood  from  the  corresponding  arteries;  that  THE  venous  rlood  is  warmer  than 
THAT  OF  THE  CORRESPONDING  HEALTHY  SIDE  OF  THE  BODY. 

Billroth  and  Hufsciimidt  (Arch.  f.  Min.  Chir.,  1864,  VI.,  p.  373)  found  in 
37  comparative  measurements  of  the  heat  in  a wound  and  in  the  rectum,  that  in  28 
the  temperature  was  lower  than  that  of  the  rectum,  in  8 the  temperatures  of  both 
parts  were  equal,  in  1 that  of  the  wound  was  0. 3 ' higher. 

O.  Weber’s  experiments  (Deutsche  Klin.,  1804,  No.  43  et  44)  showed,  that  the 
temperature  of  an  inflamed  part  may  exceed  that  of  a part  in  which  it  is  raised 
through  paralysis  of  the  vaso-motor  nerves  and  the  resulting  lluxion.  W.  measured 
the  temperature  in  inflamed  parts  in  8 animals  (of  these  7 were  dogs)  31  times:  in 
!)  the  heat  of  the  wound  was  greater,  in  15  less,  and  in  6 equal  to  that  of  the 
anus.  In  all  these  experiments  the  thermometer  was  applied  only  to  the  surface  of 
the  wound,  at  the  most  beneath  the  borders  of  the  wounds.  W.,  like  Simon,  also 
compared  the  temperature  of  the  instreaming  arterial  blood,  as  well  as  that  of  the 
outflowing  venous  blood,  with  that  of  the  focus  of  inflammation  itself  and  then 
with  that  of  the  corresponding  healthy  parts  : in  all  G cases  the  temperature  within 
the  rectum  was  lower  than  that  in  the  inflamed  part  of  the  fracture,  or  that  of  the 
parts  surrounding  the  wound  or  even  that  of  the  wound  itself.  W.  corroborated 
Simon’s  results  in  other  respects. 

JACOBSON  and  Bernhardt  (Med.  Ctrlbl .,  I860,  No.  19)  excited  inflammations  of 
the  pleura  or  of  the  peritoneum  by  subcutaneous  injection,  and  by  means  of  thermo- 
elements compared  the  temperature  of  the  affected  with  that  of  the  uninjured 
serous  sacks,  as  well  as  with  that  of  the  right  or  left  side  of  the  heart.  (Normally, 
the  pleural  sacks  are  as  a rule  about  0. 1-0.2  C.  cooler  than  the  abdominal  cavity, 
and  0.2-0.50  C.  cooler  than  the  left  side  of  the  heart.)  They  found  that  WITHOUT 
EXCEPTION  THE  TEMPERATURE  OF  TIIE  INFLAMED  PARTS  WAS  LESS  THAN  THAT  OF 
THE  HEART. 

Laudien  (Med.  Ctrlbl .,  1869,  No.  19),  in  40  observations  on  dogs  and  rabbits  by 
the  electric  method  (Wiedemann’s  mirror-galvanometer),  found  the  following: 
The  temperature  of  the  skin  or  of  muscles  inflamed  to  a high  degree,  to  their 
deepest  layers  in  the  immediate  neighborhood  of  the  bones,  never  reaches  that  of  the 
interior  of  the  body : the  difference  in  very  intense  processes  still  almost  always 
amounts  to  l-S*  C.  The  temperature  of  an  inflamed  part  in  the  acute  stage  usually 
exceeds  that  of  the  corresponding  healthy  part,  if  by  communication  with  the 
atmosphere  (open  wounds  and  ulcerations;  a continuous  loss  of  heat  has  not  been 
sustained.  The  difference  lessens  with  the  distance  of  the  tissue  from  the  surface : 
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in  the  inflamed  ear  of  a rabbit,  4 and  5°  C.  ; in  the  inflamed  deeper  muscles  of  the 
extremities  of  dogs  and  rabbits,  seldom  1%  mostly  0.2 -0.5  C.  In  the  further 
progress  of  inflammatory  processes,  in  extended  purulent  infiltration  or  abscess  in 
deep  parts,  the  analogous  part  of  the  healthy  extremity  is  sometimes  found  warmer. 
The  temperature  of  the  arterial  blood  (art.  cruralis  in  dogs)  was  higher  than  that  of 
the  focus  of  inflammation,  which  it  supplied.  (Consult  also  Jacobson,  Yirdi.  Arch., 
LI.,  p.  275.) 

Schneider  (Med.  CtrM.,  1870,  No.  34)  after  many  measurements  in  man,  con- 
firmed Hunter’s  statements,  that  the  elevation  of  temperature  of  inflamed  organs 
was  due  only  to  the  heat  introduced  by  the  inflowing  blood-current,  not  to  that 
fonned  in  the  tissues. 

HtJPPKRT  (Arch.  d.  Ilrilk.,  1873,  XIV.,  p.  73)  found  the  temperature  of  the  drop- 
sical cavity  of  the  tunica  vaginalis  to  be  35  C.  After  mechanical  irritation  it  rose 
to  1. 5-2.5%  thus  exceeding  the  normal  blood-temperature  not  more  than  0.5  at  the 
most.  Almost  simultaneously  with  this  local  elevation,  the  general  temperature  also 
rose  ; the  latter  was  absolutely  always  higher  than  the  simultaneous  local  temj>era- 
ture.  The  local  temperature  harmonizes  with  the  general ; but  the  variations  in  the 
course  of  the  latter  always  precede  those  of  the  former. 

The  function  OF  inflamed  parts  is  almost  always  more  or  less 
disturbed.  The  disturbance  is  manifest  in  j>rc*j»ortion  to  the  knowledge 
we  have  of  the  function,  and  the  ease  with  which  it  can  be  demonstrated. 
Function  is  either  lessened  or  altogether  destroyed:  an  inflamed  cornea  is 
less  transparent ; an  inflamed  bone  is  for  the  most  part  incapable  of  use ; 
an  inflamed  muscle  does  not  contract  ; an  inflamed  gland  does  not  perform 
its  function,  or  does  so  incompletely,  etc.  Or  the  function  is  changed,  which 
is  made  known  especially  by  the  appearance  of  involuntary  reflex  movements: 
thus  in  different  inflammations  of  the  eye  there  appeal's  spasm  of  the  litis, 
in  inflammation  of  tin;  nasal  mucous  membrane  sneezing,  in  those  of  throat 
swallowing,  in  laryngeal  catarrhs,  changes  of  the  voice  and  hoarseness,  in 
catarrhs  of  the  air- pa  stages  chiefly  cough,  in  inflammation  of  the  rectum 
tenesmus,  in  those  of  the  urinary  bladder  spasm  of  the  bladder.  In  very 
many  peculiar  ways  is  the  chunge  of  function  in  the  nervous  system  made 
known,  as  well  in  respect  to  psychical  action  as  to  motion  and  sensation. 
Disturbance  of  function  is  certainly  an  important  symptom  of  inflamma- 
tion, but  it  also  belongs  to  ull  other  local  disorders  of  nutrition. 

It  heat,  redness  and  swelling  make  known  inflammation  in  external 
parts  or  in  parts  opening  externally,  with  respect  to  the  diagnosis  of 
inflammation  of  internal  organs,  no  information  is  furnished  in  many  cases 
either  by  disturbance  of  function,  or  by  pain  and  heat,  to  say  nothing  of 
swelling  ami  redness,  which  cannot  lx*  seen.  There  result,  instead,  in 
individual  organs,  a series  of  important  symptoms  from  mechanical  condi- 
tions, which  become  changed  during  the  course  of  inflammation.  The 
ducts  of  mucous  membranes  become  narrowed  by  exudation  and  by  hyper- 
aunia,  which  in  some  cases  at  least  affords  distinct  symptoms:  thus  in 
catarrh  of  the  nasal  and  urethral  mucous  membrane,  in  that  of  the  mucous 
membrane  of  the  air-passages,  especially  of  the  glottis  and  small  bronchi. 
In  cases  of  intense  inflammation  of  serous  and  mucous  membranes,  not 
only  the  serous  and  subserous,  the  mucous  and  submucous,  but  often  also 
the  subjacent  muscular  tissue  is  infiltrated  by  serum  and  is  thereby  in 
varying  degree  paralyzed:  thereon  depends,  the  protruding  of  the 

intercostal  spaces  in  pleuritis,  paralysis  of  the  heart  in  pericarditis,  in  part 
the  dyspnoea  in  croupous  laryngitis,  diminished  peristaltic  movements  of 
the  stomach  and  intestines,  meteorism,  sometimes  prolapsus,  invagination 
of  the  intestine  in  severe  affections  of  the  mucous  or  serous  membrane. 
In  the  lung,  parts  previously  containing  air  become,  through  the  exudation, 
empty  of  air,  dense,  firm,  and  furnish  u different  sound  in  auscultation  and 
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percussion.  Percussion  and  auscultation  detect  similar  changes  in  inflam- 
mation of  most  serous  membranes,  if  the  exudation  is  scanty  and  firm,  or 
abundant  and  of  any  consistency.  In  the  heart  the  valves  and  orifices 
-become  changed  by  inflammation  and  its  consequences,  and  after  the  valves 
cease  to  close  or  the  orifices  become  too  narrow,  there  arises  a series  of 
symptoms  which  are  perceptible  to  sight,  feeling  and  hearing,  inflamma- 
tions of  the  remaining,  especially  parenchymatous,  organs,  which  are  not, 
or  only  in  part,  accessible  to  percussion  and  auscultation,  are  diagnosed 
partly  by  the  presence  of  one  or  another  of  the  five  cardinal  symptoms, 
partly  by  etiological  events,  partly  by  the  feverishness  of  the  prucess  and 
by  the  acuteness  of  its  course. 

Many  inflammations  furnish  at  no  time  of  their  course  local  symptoms : 
e.y.,  many  of  the  brain  and  its  membranes,  lungs,  heart,  etc.  Or,  the 
symptoms  are  not  to  be  distinguished  from  those  of  hyperannia,  haemorrhage, 
gangrene,  new-formations,  etc.,  of  the  same  parts. 

General  symptoms  of  inflammation  are  absent  in  inflammations  of 
slight  extent  and  intensity,  but  otherwise  they  are  always  present.  The 
blood  of  those  sick  with  inflammation  is  characterized  by  absolute  and  rela- 
tive increase  of  fibrin,  and  by  the  formation  of  the  huffy  coat  in  the 
liquid  drawn  from  a vein.  The  conclusions,  which  were  formerly  drawn 
from  the  presence  of  this  layer  with  respect  to  the  existence  of  inflam- 
mation chiefly,  and  from  the  extent,  thickness,  and  firmness  of  the  former 
with  respect  to  the  intensity  of  the  latter,  have  not  been  found  to  stand 
the  test,  since  that  crust  occurs  also  in  affections  not  inflammatory. 

Fever  is  found  in  many  inflammations,  i.e.,  a marked  rise  of  the  tempe- 
rature of  the  body,  an  increased  frequency  of  the  pulse  and  respiration, 
etc.  This  is  generally  in  proportion  with  the  extent  and  severity  of  the 
inflammation,  but  in  special  cases  there  are  numerous  exceptions.  It  was 
for  a long  time  believed  that  fever  depended  upon  the  rise  of  temperature 
at  the  focus  of  the  inflammation;  but  the  quantity  of  heat  here  generated 
is  in  no  case  adequate,  and  is  for  the  most  part  less  than  the  temperature 
of  the  blood.  And  yet  fever  is  of  high  diagnostic  value  with  respect  to  the 
diagnosis  of  inflammations  of  internal  parts. 

The  relative  experiments  of  BiLLROTn-HuFScnMiDT,  Weber,  Frese,  Stricker, 
and  others  will  be  spoken  of  in  Fever. 

Stricker  (Stud,  axis  d.  Inst.  f.  exp.  Path..  1870,  p.  01)  found  that  excised  tissues 
(e.ff. . the  cornea  of  the  frog)  implanted  on  an  inflamed  part  (into  the  folds  of  the 
nictitating  membrane  after  previous  cauterization  of  the  cornea  so  as  to  penetrate 
through  it),  exhibited  the  peculiar  inflammatory  changes  of  the  elements  of  the 
tissue  : sometimes  there  were  found  only  transformed  corneal  corpuscles,  wandering 
cells  in  usual  number,  sometimes  dense  accumulations  of  smaller  amoeboid  cells, 
besides  more  or  less  transformed  corneal  corpuscles. 

Besides,  there  frequently  appear  still  further  general  symptoms  of  in- 
flammation, according  as  one  or  another  of  its  aspects  preponderates  ; e.ff.f 
in  prolonged  suppuration  general  anaemia  and  exhaustion  of  the  organism 
(also  hectic  fever),  fatty  degeneration  of  the  liver,  spleen,  kidneys,  etc. ; in 
many  suppurations,  especially  acute  suppuration  of  the  bones,  pyemia, 
etc.  ; in  diphtheritic  exudations,  severe  general  phenomena,  paralyses,  etc. 

Tiie  terminations  of  inflammation  are  discussion  or  resolution, 
DEATH,  or  ill  PERMANENT  DISTURBANCES  OF  nutrition.  Death  may  be  local, 
gangrene  ; or  general,  death  of  the  individual.  Gangrene  appears,  if 
nutrition  is  wholly  arrested.  Death  of  the  individual  has  diflerent  causes: 
in  respect  to  the  kind  of  inflamed  organ,  kind  and  extent  of  the  inflamma- 


TRAUMATIC  AMD  TOXIC  INFLAMMATIONS. 


277 


tion,  individuality,  etc.  The  permanent  disturbances  of  nutrition  are 
adhesions  and  indurations  of  organs,  further  degenerations,  which, 
strictly  considered,  still  belong  to  inflammation.  The  same  is  true  of  the 
commonly  developed  suppuration  and  ulceration. 

division  of  inflammations. 

The  phenomena  of  inflammation  are  in  general,  and  with  respect  to  their 
causes,  the  organs  which  they  affect,  their  intensity  and  extension,  etc.,  so 
manifold,  that  in  the  individual  case  not  only  the  question  is  important, 
whether  an  inflammation  is  present,  but  also  that  a knowledge  of  its  causes, 
of  the  preponderance  of  single  principal  phenomena,  etc.,  is  of  the  greatest 
interest.  Inflammations  are  thus  usually  distinguished  (besides,  with 
respect  to  their  duration  : acute  and  chronic  inflammations)  from  ictiologi- 
cal  and  from  anatomical  standpoints,  as  well  as  by  their  character. 

I.  ^Etiological  Division. 

1.  Traumatic  inflammations  art*  the  simplest,  because  they  are  usually 
develojied  in  a previously  healthy  body,  and  because  their  causes  are  usual- 
ly apparent,  in  part  also  because  they  can  be  more  or  less  easily  removed. 
Here  belong  especially  simple  or  puke  wounds.  ( Vide  Repair.) 

In  crushed  and  lacerated  wounds  the  process  is  much  less  simple, 
because  it  is  at  the  same  time  concerned  with  resorption  of  bloody  effusions, 
with  separation  of  dead  parts,  sometimes  also  with  their  absorption  with 
participation  of  the  whole  organism,  etc. 

Inflammations  excited  in  various  tissues  and  organs  by  foreign 
bodies  are  traumatic,  in  the  wider  sense ; from  such  upon  the  conjunc- 
tiva and  cornea,  in  the  mouth,  nose,  air-passages,  and  lungs;  besides, 
catarrhs  arising  from  artificial  teeth,  stumps  of  teeth,  etc.,  in  the  mouth, 
catheters  in  the  urethra,  pessaries  in  the  vagina,  in  the  rectum,  etc.  Uri- 
nary and  biliary  calculi  sometimes  exert  the  same  influence  on  the  organs 
where  they  are  formed. 

Toxic  inflammations.  Inflammations  caused  by  animal  and  vegeta- 
ble parasites  (fleas,  lice,  bugs,  micrococcus,  etc. : parasitic  inflamma- 
tions), also  those  excited  by  insects,  etc.,  form  the  transition  from  trau- 
matic to  toxic  inflammations.  Besides,  to  this  class  belong  those  generated 
by  corrosive  substances,  which  act  upon  the  skin  as  well  as  upon  mucous 
membranes.  Injuries  of  the  skin  are  caused  accidentally  by  nitric  acid, 
sulphuric  acid,  caustic  lime,  strong  alkalies,  etc.  We  excite  the  same  pro- 
cess artificially  to  destroy  and  remove  organic  parts.  Finally,  acids  and 
alkalies  are  sometimes  taken  into  the  mouth  and  stomach  accidentally, 
sometimes  with  the  intent  of  suicide.  In  the  same  rank  are  lunar  caustic, 
corrosive  sublimate,  chloride  of  zinc,  etc. 

Also  in  this  class  are  included  inflammations  which  are  the  results  of 
high  degrees  of  cold  and  heat. 

To  toxic  inflammations  in  the  broader  sense  belong  those  which  have  their 
origin  in  irritation  of  the  tissues  by  the  blood  after  the  entrance  of  poisons 
into  the  blood,  e.g.,  urticaria  in  many  after  ingestion  of  various  sub- 
stances, mercurial  stomatitis,  etc. ; chronic-gastritis,  and  granular  liver 
from  the  habitual  use  of  alcohol,  as  well  as  from  phosphorus,  nephritis 
from  active  diuretics.  The  peculiarities  of  these  inflammations  lie  partly 
in  their  preference  for  certain  parts  of  the  body  (that  of  mercury  for  the 
mucous  membrane  of  the  mouth,  that  of  iodine  for  the  skin  of  the  face 
and  nasal  mucous  membrane)  ; partly  in  the  preponderance  of  individual 
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elementary  processes  (in  that  from  mercury  great  serous  swelling  of  the 
tissues  ancl  exudation  according  to  the  kind  of  secretion  ; in  that  from 
iodine,  congestion,  etc.). 

1'  inally,  to  this  class  belong  inflammations  arising  from  abnormal  chemical 
processes  within  the  organism  : catarrhal  stomatitis  of  infants,  many  inflam- 
mations of  the  urinary  bladder  from  retention  and  decomposition  of  the 
urine,  pneumonia  in  bronchiectasis. 

.1.  Dysghasic  inflammations  likewise  have  their  origin  through  irritants, 
which  aro  carried  by  the  blood,  and  are  thus  in  many  ways  connected  with 
those  just  mentioned.  Here  great  differences  are  found  in  individuals.  (See 
Syphilis,  Scrofulosis,  Scorbutus,  etc.) 

Acute  endocarditis  is  found  especially  in  acute  rheumatism  of  the  joints,  and  in 
pyaemia.  Consult  IIescul  ( Oestr . ZtseJir.  f.  pruct.  JleUk.,  1802,  Nos.  12  el.  Id). 

4.  Metastatic  inflammations  arise  partly  from  emboli  and  collateral 
hypenemia  at  the  obstructed  part,  partly  from  an  irritant  in  the  blood,  as 
in  many  cases  of  pyaemia.  They  occur  chiefly  in  the  lungs,  liver,  spleen, 
kidneys,  serous  membranes.  They  always  attack  parts  which  are  confined 
and  often  wedge-shaped,  but  usually  many  parts  in  one  organ. 

The  cause  of  orchitis,  mastitis,  etc.,  occurring  particularly  in  epidemic  parotitis, 
has  heretofore  in  no  manner  been  explained. 

5.  Rheumatic  inflammations.  The  more  immediate  processes  herein 
concerned  are  still  unknown.  Sudden  cooling  or  wetting,  especially  of  the 
body  while  perspiring,  is  the  cause  of  inflammations  belonging  to  this  class, 
as  many  forms  of  erysipelas,  angina,  pneumonia,  inflammations  of  the  joints, 
etc. 

*>.  Inflammations  arising  in  consequence  of  contagions  and  miasms  are 
likewise  altogether  unknown  with  respect  to  their  origin.  To  this  class 
belong  inflammations  of  the  skin,  mucous  membranes  of  the  eyes  and  nose 
in  measles;  those  of  the  skin,  mucous  membrane  of  the  mouth  and  throat, 
sometimes  also  of  the  kidneys,  in  scarlet  fever ; those  of  the  skin  and  of 
many  mucous  membranes  in  small-pox  ; those  of  the  air-passages  in  whoop- 
ing-cough ; epidemic  diphtherias  of  the  mouth  and  throat;  mumps;  inflam- 
mations of  the  mucous  membranes  and  muscles  in  glanders,  etc. 

Many  secondary  inflammations  are,  with  respect  to  their  more  immediate  cause 
of  origin,  wholly  unknown  : stomatitis  in  severe  acute  and  chronic  diseases,  pericar- 
ditis in  carcinoma,  etc. 

7.  Hypostatic  inflammations  arise  slowly  from  hypenemia  in  which  the 
weakened  heart’s  action  (in  acute  and  chronic  marasmus),  the  disposition, 
a pressure  from  without  upon  the  skin,  or  in  the  bronchi,  lungs,  urinary 
passages,  the  remains  of  products  of  secretion  act  as  the  irritants.  The  red- 
ness is  mostly  dark,  livid,  and  dependent  upon  injection  as  well  as  upon 
imbibition  ; the  exudation  is  slight,  more  of  the  serous  variety ; new-for- 
mations  are  mostly  absent,  and  destruction  depends  mostly  upon  maceration 
and  necrotic  processes  (bed-sore). 


II.  Classification  of  inflammations  according  to  the  preponder- 
ance OF  SOME  ONE  OF  THEIR  ELEMENTARY  PHENOMENA. 
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1.  Congestive  or  vascular  forms  of  inflammation. 

Their  chief  factor  is  congestive  hypenemia.  Symptomatically,  redness 
and  swelling  are  shown,  which  are  dependent  upon  hypenemia,  and  upon 
serous,  or  mucous,  or  sero-purulent  exudation,  for  the  most  part  simulta- 
neously present;  later  sometimes  also  ujam  elongation  of  the  vessels  and 
proliferation.  New-formation  and  retrograde  metamorphosis  are  wanting 
entirely,  or  show  only  a slight  development.  Complete  return  of  the  in- 
flamed tissues  to  the  normal  state  is  the  rule. 

Congestive  inflammation  is  the  oldest  form  of  inflammation.  It  is  best 
represented  by  inflammations  of  the  skin,  if  they  are  acute  and  terminate 
with  healing:  erythema  (common,  or  in  scarlatina),  erysipelas,  phlegmons  ; 
as  well  as  by  inflammations  of  the  mucous  membranes  which  are  character- 
ized as  acute  catarrhal,  with  or  without  slight  secretion,  or  as  phlegmonous 
forms:  conjunctivitis,  stomatitis,  gastritis,  enteritis,  bronchitis,  etc.  Ery- 
thematous inflammations  of  the  skin  and  mucous  membranes  affect  the 
upper,  phlegmonous  inflammations  affect  the  deeper  layers  of  the  skin  and 
mucous  membrane,  sometimes  also  the  subcutaneous,  i.e.,  the  submucous 
and  inter-muscular  connective  tissue:  the  exudation  is  mostly  slight,  some- 
times it  is  more  abundant  or  it  proceeds  to  the  formation  of  pns  (<*.</.,  in 
the  gums:  so-called  pw>di#).  Also  the  lightest  and  most  transient  forms 
of  inflammation  of  the  serous  membranes  (pleuritis,  peritonitis,  meningitis) 
and  the  simple  acute  inflammations  of  the  glands  (orchitis,  mastitis,  parotitis, 
nephritis,  many  inflammations  of  the  lungs)  belong  t-o  this  class. 

The  so-called  congestive  inflammations,  which  furnish  manifold  transition*  to  non- 
inflammatory congestion,  sometimes  often  return  in  the  same  individual,  even  many 
times,  for  the  most  part,  with  irregular  intermissions ; sometimes  also  regularly  in  short 
(daily)  or  longer  (monthly)  periods.  Similar  conditions  are  found  in  many  inflamma- 
tions of  the  same  kind  with  serous  exudation:  e.y. , many  such  regularly  recurring 
inflammations  of  the  joints  have  lately  Itoen  observed. 

Many  mucous  membranes,  t.g.  that  of  the  larynx,  are.  in  the  dead  body  always 
I mle  even  in  congestive  forms  of  inflammation,  because  of  their  abundant  elastic 
fibres ; but  in  the  living,  mines*  of  the  parts,  with  the  exception  of  the  vocal  cords, 
may  be  very  intense. 

2.  Exudative  forms  of  inflammation. 

These  are  characterized  by  the  quantity  and  jveculiarities  of  the  exuda- 
tion. They  presuppose  always  a more  or  less  great  participation  of  the 
vessels. 

a.  Inflammations  of  serous  membranes  with  fibrinous  exudation  are 
the  purest  of  these  forms.  In  mixed  exudations,  or  those  containing  a 
large  quantity  of  fibrin,  the  exudation,  in  contrast  to  the  vessel-changes, 
appears  in  the  foreground,  especially  if  they  are  secondary,  i.e.,  if  the 
inflammations  are  caused  by  an  irritant  from  the  blood:  as  in  pysemia  and 
puerperal  fever,  when  for  the  most  part  a large  quantity  of  serum  and 
fibrin  are  exuded  with  slight  vascular  changes.  If  these  inflammations  are 
primary,  arising  from  cohl  (“  rheumatic  the  vascular  changes  are,  besides 
the  exudation,  distinctly  visible.  If  they  are  traumatic,  caused,  e.g.,  by 
perforation  of  the  intestines,  vascular  changes  appear  very  early  and  are 
strongly  developed.  It  is  to  be  observed  symptomatically,  that  the  pain 
appears  to  be  severe  in  proportion  to  the  hypenemia  and  vascular  disturb- 
ance, so  that  inflammations  of  serous  membranes  from  perforation  are  the 
most  painful,  those  from  colds  less  so,  those  occurring  secondarily  in  pvie- 
mia  the  least,  or  give  rise  to  no  pain  at  all.  Inflammations  of  mucous 
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membranes  and  of  the  skin  rarely  occur  with  exudation.  (See  Croupous 
Exudation.) 

b.  Inflammations  with  serous  exudation  are  differently  formed  according 
to  the  seat  of  the  exudation.  It  passes  out  of  the  vessels  quickly  through 
the  epithelium  or  endothelium  to  the  surface  of  the  affected  membrane, 
without  any  essential  change  in  the  former : in  many  acute  serous  exuda- 
tions ot  serous  and  synovial  sacs;  in  many  inflammations  of  mucous  mem- 
branes, with  abundant  serous  or  sero-mueous,  or  at  the  same  time  slightly 
purulent  exudation  (many  forms  of  stomatitis,  bronchitis,  intestinal  catarrh, 
also,  in  part,  cholera)  ; in  many  parenchymatous  inflammations  (lungs, 
kidneys). 

Radziejewski’s  investigations  on  the  action  of  cathartics  show  that  transudation 
does  not  come  into  play,  but  only  the  increased  peristaltic  movements  (whilst  the 
blood  in  the  intestinal  wall,  by  taking  up  the  cathartic,  contains  its  peculiar  irritant). 

If  the  epithelium  does  not  allow  such  a passage  through  of  the  exudation, 
the  uppermost  impermeable  epithelial  layer  (epidermis,  uppermost  layer  of 
laminated  epithelium,  as  of  the  oesophagus,  urinary  bladder,  etc.)  rises  up 
in  the  form  of  a vesicle  (blisters,  also  in  part  the  vesicles  of  herpes,  of 
erysipelas,  and  of  pseudo-erysipelas,  perhaps  also  of  eczema,  of  varicella, 
peculiar  vesicles  of  mucous  membranes).  After  the  opening,  artificial  or  not, 
of  the  vesicle,  the  exudation  either  is  arrested  (blisters,  herpetic  vesicles) 
or  it  still  continues  for  a variously  long  time  (vesicles  of  eczema).  At 
other  times  the  exudation  fills  out  the  cells,  first  of  the  middle,  then  of  the 
lower  epithelial  layer,  and  these  distend  to  different  degrees  : there  appears 
on  the  surface  of  the  skin  or  mucous  membrane,  first  a papulous,  then  a 
vesiculous  elevation,  which  is  finely  partitioned,  i.e.,  by  epithelial  strings, 
which  are  not  filled  with  exudation,  but  are  drawn  out,  etc.  This  is  the 
case  in  small-pox  pustules,  in  the  cavities  of  which  there  afterward 
appear  white  (or  red)  blood-corpuscles,  upon  the  skin  as  well  as  upon  the 
mucous  membranes;  in  many  vesicular  eruptions  of  mucous  membranes 
provided  with  laminated  epithelium. 

if  the  serous  exudation  does  not,  or  only  in  part,  penetrate  through  the 
cells  of  the  skin  or  mucous  membrane,  its  accumulation  raises  up  sometimes 
the  uppermost,  sometimes  the  deeper  epithelial  layers;  the  lowermost  layer 
is  rarely  raised.  Thus  arise  the  desquamative  inflammations  of  the  skin 
and  mucous  membranes.  Those  of  the  former  occur  in  erythematous, 
erysipelatous,  scarlatinous,  and  eczematous  inflammations.  In  the  colon 
the  separation  of  the  epithelium  may  take  place  to  such  an  extent  and  so 
completely,  that  masses  of  it'  are  evacuated,  which  under  the  microscope 
.are  found  to  be  only  epithelium  with  pores  for  the  mucous  glands. 

According  to  most  authors,  such  a desquamation  should  take  place  in  cholera ; but 
•examinations  of  the  cholera  stools  of  the  living,  as  well  as  of  the  intestinal  mucous 
membrane  soon  after  death,  demonstrate  the  untenableness  of  this  view.  The  form 
just  given  of  desquamative  catarrh  of  the  colon,  I saw  in  a case  of  colitis,  which  was 
caused  by  a clyster  of  slightly  diluted  vinegar. 

c.  Desquamative  (or  parenchymatous)  inflammations  of  parenchyma- 
tous organs  (lungs,  kidneys,  liver)  consists  in  the  swelling  of  the  paren- 
chyma by  serous  infiltration,  and,  in  consequence,  in  a separation  of  the 
epithelium.  The  cells  of  the  latter  are  enlarged,  more  rounded,  and  filled 
with  albuminous,  and,  in  part,  oily  molecules.  They  pass  out  either  entirely 
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(in  the  kidneys  with  the  urine),  or  partly  (in  the  lungs  by  expectoration); 
or  thev  remain  in  the  cavity  affected,  either  to  become  absorbed  or  to  un- 
dergo cheesy  transformation  (see  Cheesy  Inflammations).  These  inflamma- 
tions are  either  secondary  (from  poisons,  in  typhoid  fever,  acute  exanthe- 
mata). or  they  are  primary,  and  then  pass  by  transformations  of  tissue  into 
productive  inflammations. 

Consult  Buhl,  Lungenentz,  u.  s.  w.,  1872,  p.  38.  [Am.  edition,  1875.] 

In  serous  infiltrations  of  the  skin  and  mucous  membranes,  and  parenchy- 
mata,  which  are  commonly  called  inflammatory  (edema,  the  inflammatory 
character  of  them  is  often  doubtful  (oedema  glottidis,  cerebral  oedema);  they 
can  then  properly  be  called  inflammatory  only  when  congestive  hvperiemin 
is  present  with  luemorrhages,  and  pus-corpuscles  are  found  besides  the 
serum.  The  most  developed  are  those  inflammations  of  the  skin  in  many 
of  the  lighter  phlegmonous  inflammations,  in  the  rectum  in  the  compara- 
tively severe  forms  of  dysentery.  To  inflammations  with  serous  exudations 
as  a preponderating  element,  belong  also  many  forms  better  known  clini- 
cally than  anatomically  : epidemic  parotitis,  serous  orchitis  (especially  in 
gonorrhoea),  perhaps  also  many  inflammations  of  the  brain,  lungs,  and  liver. 
Inflammations  of  this  kind  of  the  parotid  glands  and  testicles  have  a great 
similarity  with  the  retentions  of  lymph,  which,  e.g. , arise  in  the  submaxil- 
lary glands,  if  the  excretory  duct  be  ligated  and  the  nerve  irritated. 

d.  Mucous  inflammations  are  those  inflammations  of  the  mucous  mem- 
branes in  which  mucus  preponderates  and  is  produced  in  greatly  increased 
quantities.  They  occur  in  ull  mucous  membranes,  especially  in  those  which 
are  rich  in  mucous  glands  (nose,  mouth,  throat,  air-passages).  Their  course 
is  acute  or  chronic.  The  transformations  of  the  mucous  membranes  them- 
selves and  of  the  mucous  glands  are  slight ; the  latter  appear  only  for  the 
most  part  larger,  and  their  excretory  duct  is  dilated. 

A strikingly  large  production  of  mucus  is  found  also  with  a simultaneous  serous, 
purulent,  ami  croupous  inflammation.  Then  the  mucous  glands  are  sometimes  not 
only  very  wide,  but  their  orifices  show  openings,  which  j>erforatc  the  croupous  exu- 
dation. 

e.  As  types  of  croupous  exudation  are  to  be  regarded  those  cases  of 
croup  of  the  air-passages  in  children  and  adults,  and  perhaps  some  cases  of 
croupous  inflammation  of  the  lungs.  In  these  cases,  primary  vascular 
changes,  at  least  in  the  dead  body,  are  for  the  most  part  moderately  devel- 
oped. The  chief  circumstance  is  the  quick  origin  of  the  firm  croup-mem- 
brane, consisting  of  transformed  epithelium  and  pas-corpuscles.  Many 
cases  of  croupous  inflammation  of  other  mucous  membranes  referred  to  this 
class  are  fibrinous  inflammations. 

Croup  simply  expresses  the  formation  of  a croupous  membrane  npon  the  mucous 
membrane  of  the  larynx,  and  for  the  most  part  also  on  that  of  the  trachea;  pseldo- 
UROUP  simply  a congestive  hypenemia  running  its  course  with  like  symptoms,  or 
simply  catarrhal  inflammation  of  the  same  parts.  The  French  employ  another  nom- 
enclature ; they  call  true  croup  only  the  first  mentioned  affection,  with  simultaneous 
exudation  upon  the  pharyngeal  mucous  membrane  ; pseudo-croup  that  affection  with- 
out pharyngeal  croup.  Croupous  inflammations  occur  sometimes  primarily  (especially 
laryngeal  croup);  sometimes  secondarily,  e.g.,  laryngeal  croup  in  scarlet  fever 
measles,  small-pox,  typhoid  fever. 

f.  Purulent  forms  of  inflammation  appear  purest,  with  slight  vascular 
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changes,  in  secondary  inflammations,  where  the  irritant  passes  with  the 
blood  into  the  organs,  as  in  pyamiin.  In  other  cases,  besides  acute  suppu- 
ration, there  are  often  found  other  phenomena  of  inflammation  : thus  marked 
hypenemia  in  inflammations  of  connective  tissue,  subcutaneous  and  inter- 
muscular, of  the  connective  tissue  between  the  intestines  and  beneath  the 
peritoneum,  as  in  perinephritis,  pericystitis,  periproctitis,  perityphlitis, 
perichondritis  laryngea,  peri-  or  retro-pharyngitis,  in  the  first  stage  of  pneu- 
monia. Also  in  the  periosteum,  and  in  the  endostium  supporting  the  marrow, 
and  bearing  abundant  fat-cells.  Very  great  suppuration  occurs  also  in 
serous  membranes,  in  synovial  membranes  of  the  joints,  especially  with  high 
degree  of  vascular  change. 

In  mucous  membranes  purulent  forms  occur  sometimes  acute,  with  for 
the  most  part  marked  liyperamiia,  as  purulent  catarrhs  ; sometimes 
chronic  and  with  slight  vascular  changes,  as  purulent  blennorrhcea.  In 
acute  inflammations  of  the  mucous  membranes  (stomatitis,  gastritis,  colitis, 
urethritis,  inflammations  of  the  ducts  of  many  glands,  etc.),  sero-pumlent 
or  pure  purulent  exudation  is  mixed  with  the  substance  of  the  affected 
mucous  membrane;  in  the  epithelial  covering,  if  composed  of  many  laininm, 
there  are  found  at  first  perhaps  increased  formation  and  separation  of  epi- 
thelium, further  on  pus-cells,  which  pass  through  the  epithelium  into  the 
free  surface,  and  beneath  which  tin:  epithelial  cells  themselves  often  are 
normal  or  only  moderately  enlarged.  The  tissue  itself  of  the  mucous  mem- 
brane. is  sometimes  only  hypera-mic ; sometimes  simultaneously  also  infil- 
trated with  serum,  and  penetrated  by  scanty  or  abundant  pus-corpuscles; 
in  both  cases  swollen.  The  mucous  glands  herein  for  the  most  part  take 
no,  or  only  a slight  part ; sometimes  they  show  the  same  process,  or  stand 
out,  on  account  of  the  accumulation  of  their  contents,  as  small  pearl- like 
nodules  (e.;/-,  in  atomatix  vesicularia).  Also  in  the  external  adventitious 
connective  tissue  of  mucous  membranes  there  occur  perityphlitis,  peri- 
proctitis, peribronchitis,  etc.  In  the  skin  all  these  processes  are  modified 
by  the  firm,  unyielding,  horny  layer  which  lies  over  the  stratum  of  Mal- 
pighi, analogous  to  the  epithelium  of  mucous  membranes.  Catarrhal  pro- 
cesses are  on  this  account  impossible,  at  least  so  long  as  the  horny  layer 
remains.  If  the  latter  is  in  any  way  destroyed,  these  processes  go  on  in 
the  same  manner  as  in  inflammations  of  mucous  membranes:  e.g.,  in  acute 
eczema.  Circumscribed  suppuration  is  best  observed  in  the  pustules  of 
small-pox,  which  have  the  same  character,  also,  in  the  mucous  membranes 
of  the  mouth  and  oesophagus. 

The  term  catarrh  is  intelligible  only  by  the  conception  of  the  ancients,  that  in 
“cold.”  liquid  flows  from  out  of  the  ventricles  of  the  brain  through  the  ethmoid  bone 
and  nose,  or  is  distilled  from  them,  and  thus  the  brain  is  purified  of  injurious  sub- 
stances. Schneider  (De  catarrhis , 1G01)  first  demonstrated  anatomically  the  falsity 
of  this  theory. 

In  parenchymatous  glandular  organs  purulent  inflammations  some- 
times affect  the  epithelial  or  other  cells  of  the  acini,  sometimes  the  inter- 
acinous  connective  tissue  and  its  vessels  are  the  sources  of  the  pus-corpus- 
cles. In  still  other  cases  both  conditions  at  the  same  time,  or  transitions 
of  suppuration  from  one  part  to  another,  occur.  In  the  first-mentioned 
case  the  gland-cells  either  remain,  as  in  many  suppurations  of  the  renal 
tubuli,  where  pus-corpuscles  pass  out  singly  or  in  casts.  Or,  they  are  de- 
stroyed with  the  suppuration,  which  further  affects  the  interstitial  tissue, 
and  sometimes  gives  rise  to  abscesses.  Suppurations  of  this  kind  are 
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oftenest  observed  in  the  puerperal  mamma,  in  the  testicle,  more  rarely  in 
the  kidneys,  salivary  glands,  lymph-glands,  etc.  In  the  LUNGS,  suppurative 
inflammations  occur  within  the  alveoli  as  well  as  in  the  interalveolar,  inter- 
lobular, peribronchial,  etc.,  tissues:  they  are  distinguished  as  free  and 
interstitial. 

In  catarrhal  pneumonia  the  epitheiia  of  the  pulmonary  vesicles  swell,  their  nuclei 
increase  greatly  in  numbers,  then  the  cells  separate  and  fall  into  the  cavity  of  the 
alveoli  (Raxviek,  Nout.  diet.,  etc..  1870.  XIII.,  p.  675).  According  to  Buhl 
(1.  c. ),  pus-corpuscles  have  their  origin  in  the  smallest  bronchi,  and  by  inspiration 
pass  into  the  alveoli 

g.  The  ulcerative  form  of  inflammation  passes  in  various  ways  into  the 
degenerative  forms  of  inflammation.  It  affects  especially  the  membranous 
tissues.  Their  destruction  may  follow  suppuration  or  precede  it.  Ulceration 
takes  place  sometimes  in  consequence  of  suppuration  in  the  connective 
tissue  of  the  membrane,  sometimes  in  consequence  of  preceding  fatty  meta- 
morphosis of  the  epithelium  and  of  the  connective-tissue  corpuscles,  of  the 
albuminous  infiltration,  and  of  the  cell-growth  between  the  connective  tissue 
fibres,  which  metamorphosis  is  or  is  not  at  the  same  time  accompanied  with 
suppuration.  The  former  occurs  in  most  common  ulcers  of  the  skin  and 
mucous  membranes;  the  latter  forms  most  of  the  falsely-termed  diphtheritic 
inflammations  of  the  intestinal  mucous  membrane,  us  in  dysentery,  cholera; 
secondarily  in  small-pox,  puerperal  fever,  etc.  In  the  term  ulcer  there  is 
implied  not  only  loss  of  substance,  but  also  new-formation,  with  destruction 
of  a part  of  the  new-formed  material.  Owing  to  the  part  played  by  the 
vessels  and  suppuration,  cohesion  is  finally  destroyed,  and  there  results  a 
breach  of  the  skin  or  mucous  membrane. 

The  doctrine  of  ULCERS  Ix'longs  for  the  most  part  to  special  surgery,  where  heloo- 
logy,  in  the  hands  of  Astiuv,  Bell,  Rust,  and  others,  has  attained  to  great  perfec- 
tion. A rational  classification  of  ulcers  has  hitherto  been  impossible.  They  are 
commonly  classified : according  to  their  character  into  stationary,  atonic  or  torpid, 
also  into  corroding  and  sloughing  ulcers,  in  opposition  to  healthy  ulcers;  according 
to  the  cause  : into  local,  i.r  , dependent  u|sm  a local  disease,  or  idiopathic,  catarrhal, 
varicose,  diphtheritic  (or  aphthous),  puerperal,  simply  and  constitutionally  syphilitic, 
scorbutic,  dysenteric,  typhous,  tuberculous  <and  scrofulonsi,  carcinomatous  ulcers — 
to  which  many  refer  those  designated  as  lupous,  gouty,  warty  < MarjoLIN),  etc.; 
according  to  complications:  into  inflammatory,  hypera.-mic,  anamiic.  haemorrhagic, 
(edematous,  gangrenous  ulcers.  On  some  mucous  membranes  there  occurs  still  a 
peculiar  form  of  ulcer  : follicular  u leers,  which  have  their  origin  in  ulceration  of  the 
solitary  follicles. 

A«  ulcers,  also,  are  often  regarded  those  disturbances  of  continuity,  in  which  usually 
there  occurs  no  continuous  production  of  pus:  t-t).,  typhous  and  tuberculous  ulcers 
of  the  intestine,  as  well  as  the  round  ulcer  of  the  stomach.  These  ulcers  are.  as  a 
whole,  not  dependent  upon  suppuration  of  the  affected  membranes,  but  upon  necrosis, 
in  consequence  of  complete  interruption  of  the  circulation ; the  formation  of  pus 
takes  place  only  exceptionally  in  the  ulcer  already  formed. 

In  the  bones,  striated  muscles,  brain,  and  liver,  suppuration  precedes  (in 
abscesses)  in  many  cases  degeneration  and  destruction  of  tissues;  granula- 
tions, pus,  and  ichor  appear  only  when  the  cavities  ate  pre-formed. 

1 he  swellings  of  the  solitary  follicles  and  lymph-glands,  as  well  as  of  the 
spleen,  frequently  occurring  in  catarrh  of  mucous  membranes  from  the 
transition  of  exudative  to  the  productive  forms  of  inflammation;  the  swell- 
ing is  dejiendent  upon  increase  of  the  nuclei  and  cells  of  the  gland  juice. 

3.  Productive  inflammations  in  the  narrower  sense,  which  lead  to  new- 
formation  of  permanent  tissue. 
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lo  this  class  belong,  first  ot  all,  most  subacute  and  chronic  inflammations 
of  serous  membranes,  in  which  vascular  connective  tissue  is  generated, 
which  further  on  lead  to  general  clouding  and  thickening  of  the  serous 
membrane,  or  to  tendinous  spots,  or  to  the  formation  of  tufts,  or  to  the 
growing  together  ot  both  lamimo  of  the  serous  membrane,  by  short  or  long 
vascular  masses  of  connective  tissue.  Similar  conditions  are  found  in  the 
joints. 


Meyer  (Ann.  d.  Char.,  XI.,  p.  1)  has  directed  attention  to  the  importance  of 
adhesive  pleuritis,  with  respect  to  the  resorption  of  the  pleural  exudation. 

Also  to  this  class  belong  most  chronic  inflammations,  which  affect  espe- 
cially interstitial  glandular  tissue,  and  chiefly  parenchymatous  organs  ; 
circulatory  changes  are  slight,  the  vessels  of  the  new  connective  tissue  are 
at  least  not  excessively  filled  with  blood.  Examples  are  afforded  in  many 
interstitial  fibrous  inflammations  (indurations  or  cirrhoses),  of  the  mammary 
glands,  liver,  lungs,  testicles,  inflammatory  thickening  of  the  uterus  anti 
its  vaginal  portion,  thickening  of  the  valves  of  the  heart,  total  or  partial 
sclerosis  of  the  brain ; in  a word,  those  of  the  connective  tissue  of  every 
part. 

In  mucous  membranes,  new-formations  of  the  different  layers  occur  in 
consequence  of  chronic  inflammations.  This  sometimes  affects  ail  the  layers, 
as  in  many  forms  of  chronic  gastritis  ( scirrhus  ventrivuli),  enteritis,  etc., 
with  consecutive  contraction  of  the  cavity  and  diminished  contractility,  etc. 
Sometimes  only  single  layers  are  hypertrophied.  The  most  important  is 
that  in  the  muscular  coat  of  the  intestinal  canal  and  urinary  bladder  above 
the  narrower  portion  ((esophagus  at  the  cardiac  extremity,  stomach  at  the 
pylorus,  urinary  bladder  in  strictures  of  the  urethra,  etc.).  The  mucous 
membrane  itself,  as  well  as  the  submucous  tissue,  becomes  thicker  through 
increase  of  their  connective  tissue  and  vessels,  sometimes  also  through 
hypertrophy  of  the  glands.  This  takes  place  in  inclosed  parts,  thus  giving 
rise  to  polypi,  iu  which  sometimes  the  glands,  sometimes  the  connective 
tissue,  sometimes  the  vessels  preponderate.  Also  papillary  new-formations 
appear,  e.g .,  in  chronic  cystitis  as  tufted  hypertrophy  of  the  mucous  mem- 
brane, in  inflammation  of  the  vagina  as  granulations,  on  the  skin  of  the 
genitals  as  condylomata.  Chronic  periostitis  terminates  with  the  deposition 
of  layers  of  bone,  with  the  formation  of  prominent  osteophytes;  chronic 
inflammations  of  the  medullary  membrane  of  the  bones,  with  fibrous  thick- 
ening of  it  and  transformation  of  the  connective  tissue  into  osseous  tissue. 
The  healing  of  bone,  wounds  and  cicatrization  of  wounds  of  the  skin  take 
place  only  through  productive  inflammation. 

4.  Degenerative  forms  of  inflammation. 

Most  parenchymatous  inflammations  are  simply  degenerative.  Thus, 
acute  and  many  chronic  inflammations  of  the  liver  and  kidneys,  where 
vascular  changes  and  free  exudation  are  almost  entirely  wanting:  the 
nutritive  fluid  entering  the  cells  of  the  liver,  Malpighian  capsules  and 
urinary  tubuli,  which  probably  is  also  changed  qualitatively,  swells  them 
up  and  finally  the  cells  are  destroyed  through  albuminous  infiltration  with 
or  without  fatty  metamorphosis.  In  iu  flamed  adipose  tissue  the  fat-cells 
exhibit  serous  accumulations,  sometimes  also  a peculiar  increase  ot  the 
nuclei. 

Inflammations  characterized  as  diphtheritis  mostly  begin  with  intense 
hypcnemia,  but  besides  they  behave  in  a very  different  manner.  In  diphthe- 
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ritis  of  the  throat  and  of  the  groat  air-passages  there  is  found  on  parts  of 
the  epithelium  a croupous  or  croupo-purulent  membrane,  under  which  the 
mucous  membrane,  and  also  for  the  most  part  the  subjacent  tissues,  are 
interrupted  by  haemorrhages  and  infiltrated  by  pus.  The  loss  of  epithelium 
and  the  infiltration  last-mentioned  are,  with  respect  to  their  extent,  de- 
pendent upon  the  superficial  or  deeper  destruction  of  tissues.  In  diphthe- 
ritis,  falsely  so-called,  of  the  intestinal  canal,  primary  (dysentery)  as  well 
as  seen  mb  try  (in  cholera,  typhus,  small-pox,  etc.),  iu  that  of  the  uterus,  etc., 
there  is  found  on  the  surface  a similar  but  thinner  layer  of  exudation, 
which  is  made  up  of  purulent  mucus,  epithelial  cells  infiltrated  with  albu- 
minous matter,  and  which  have  undergone  fatty  metamorphosis,  and  the 
uppermost  infiltrated  layer  of  the  mucous  membrane;  the  connective  tissue 
corpuscles  of  the  mucous  membrane,  also  of  the  submucous  tissue,  iu  part 
become  fatty,  iu  part  containing  abundant  pus-corpuscles,  which  likewise 
have  suffered  fatty  transformation,  and  an  abundant  tibrino-albuminuus 
exudation. 

Gangrenous  may  be  distinguished  from  phaged.enic  inflammations,  in 
which  the  parts  are  destroyed  layer  by  layer  and  extending  peripherically, 
after  they  have  previously  undergone  purulent  infiltration.  They  are  found 
in  the  skin,  connective  tissue,  lungs,  etc. 

Gangrene  is,  in  these  inflammations,  dependent  sometimes  upon  absolute 
stasis  of  the  blood  in  a large  portion  of  tissue;  sometimes  upon  contact  of 
pus  with  putrefying  materials;  sometimes  upon  the  fact  that  the  inflamma- 
tions themselvr.s  lias  been  induced  by  gangrenous  ichor,  poisons,  contagions; 
sometimes  upon  paralysis  of  the  inflamed  parts ; often  upon  the  fact  that 
the  periphery  of  the  parts  has  been  destroyed  by  pus.  ( I i/r  in  fra.) 

Cheesy  inflammations  are  those  in  which,  usually  in  a chronic  manner, 
the  for  the  most  part  purulent  or  ptirulo-fibrimms  exudation,  or  desquamated 
epithelium,  have,  in  consequence  of  the  ana- utia,  lost  so  much  liquid  that 
there  results  a dry,  gray,  or  grayish-yellow  mass,  thinly  imbedded  in  the  tis- 
sues. They  are  observed  most  frequently  in  the  lungs,  rarely  in  the  lym- 
phatic glands,  bones,  brain,  etc. 

Cheesy  pneumonia,  according  to  Brut,  ( Lungenmta , u.  s.  w.,  1872,  j>.  68),  proceeds 
from  neither  catarrhal  nor  croupous,  but  only  from  true  desquamative  pneumonia. 
The  latter  is  characterized  by  an  embryonal  increase  of  connective  tissue  in  the 
inter  alveolar  tissue,  and  by  an  abundant  new-formation  of  cells  and  nuclei  in  the 
adventitia  of  the  smallest  arterial  branches,  which  in  different  parts  forms  nodules  or 
only  diffuse  swellings.  B.  includes  in  this  class  also  the  white  pneumonia  of  the 
new-boni,  which  the  Author  holds  to  be  of  syphilitic  nature.  (Arch.  d.  Jlnlk.,  1863, 
p.  356. ) 

Tuberculous  inflammations  are  distinguished  either  by  deposits  of  an 
almost  purely  fibrinous  exudation  upon  the  free  surface  of  serous  sacs,  of 
the  alveoli  of  the  lungs,  etc.,  in  which  there  is  a constant  and  more  or  less 
abundant  nuclear  and  cell-formation  : thus  are  they  rather  cheesy  inflam- 
mations. Or,  with  the  phenomena  of  inflammation,  they  lead  only  to  great 
nuclear  and  cell- formation,  and  for  the  most  part  to  the  formation  of  dis- 
tinct miliary  or  more  diffuse  tuberele.  Indeed  the  names  in  use,  of  menin- 
gitis, epididymitis,  pleuritis,  etc.,  tuberculosa  point  to  this  connection 
between  inflammation  and  the  formation  of  tubercle.  The  nuclei  and  cells, 
as  well  as  the  fibrin  exudation,  very  soon  suffer  cheesy  metamorphosis, 
whilst  the  exudation,  as  well  as  the  new-formed  nuclei  and  cells  and  tin* 
included  pre-existing  parts,  assume  a molecular  state,  whereby  membranes 
are  destroyed  as  ulcers,  and  cavities  form  in  parenchyinata,  or  sutfer  calca- 
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reous  or  atheromatous  degeneration.  Inflammations  of  this  kind  appear 
very  often  in  people  affected  by  general  tuberculosis,  especially  in  the  lungs, 
on  serous  membranes,  and  in  the  mucous  membranes  of  the  urinary  and 
sexual  apparatuses,  in  the  testicle,  etc.  (See  Tuberculosis.) 

5.  Specific  inflammations. 

They  are  those  which  are  the  results  of  wholly  specific  causes,  the  nature 
of  which,  however,  is  for  the  most  part  entirely  unknown,  and  which  are 
characterized  chiefly  by  the  nature  of  the  process,  as  well  as  by  their  local- 
ization, and  finally  by  the  peculiar,  and  likewise,  for  the  most  part,  specific 
participation  of  the  whole  organism. 

A part  of  the  processes  to  be  referred  to  this  class  may,  with  equal  justice,  bo 
included  among  the  new- formations;  as  tuberculosis  and  scrofulosis,  typhoid  fever, 
leuoopythscmia,  lupus,  syphiloma,  cancer  in  some  cases.  Others  also  belong'  in  part  to 
that  list,  but  are  most  of  them  considered  here.  This  holds  good,  especially  of  the 
new-formations  in  glanders  and  farcy.  Here,  upon  the  local  ulcer,  there  follows  affec- 
tions of  an  inflammatory  nature  in  the  lymphatic  vessels  and  glands.  Later  there 
follow  cutaneous  eruptions,  nodular  growths  and  ulcers  in  the  subcutaneous  con- 
nective tissue,  in  the  bone-membranes  and  in  the  bones,  in  the  lungs  and  testicles, 
and  in  other  internal  organs. 


III.  Classification  of  inflammations  with  respect  to  tiieir  char- 
acter. 

Until  the  present  time  inflammations  have  been  divided  into  sthenic 
and  asthenic,  as  well  as  into  active  and  passive.  With  strong  sthenic 
inflammations  should  be  denoted  the  possibility  of  a favorable  termina- 
tion in  strong  development  of  the  phenomena.  A favorable  termination 
is  possible  in  proportion  to  the  nutrition  of  the  inflamed  part.  If,  in  a 
strong  man,  and  in  a part  well  nourished,  the  local  phenomena  of  inflam- 
mation and  also  fever  are  present  in  high  degree,  the  inflammation  is  then 
called  sthenic.  In  these  cases  also  the  fibrin  of  the  blood  is  considerably 
increased  ; as  in  acute  rheumatism,  pneumonia,  pleuritis,  facial  erysipelas, 
and,  too,  in  traumatic  inflammations.  Inflammations  are  said  to  be  hyper- 
sthenic when  the  local  transformation  of  tissue  is  so  considerable  that  the 
part  is  destroyed  by  gangrene,  by  suppuration. 

Asthenic,  torpid,  or  adynamic  inflammations  affect  parts  poorly  nour- 
ished and  disposed  to  degenerations.  They  arise  from  slight  irritations. 
Chronic  inflammations  belong  for  the  most  part  to  this  class.  In  the  setio- 
logical  categories  are  the  metastatic  and  hypostatic,  as  well  as  many  inflam- 
mations of  paralyzed  parts ; in  the  anatomically  divisible  forms  the  diphthe- 
ritic and  the  degenerative. 


III.  GENERAL  DISTURBANCES  OF  NUTRITION. 

Normal  nutrition  consists  in  morphological  and  chemical  processes.  The 
former  until  now  have  been  little  known,  since  they  have  provisionally 
been  almost  inaccessible  to  our  means  of  investigation  ; the  latter,  on  the 
other  hand,  have  been  more  exactly  studied,  at  least  with  respect  to  indi- 
vidual organs,  e.g.,  the  muscles. 

Disordered  nutrition,  so  far  as  it  concerns  new-formations,  is  still 
little  known  chemically;  so  much  the  more  has  attention  been  turned  to 
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histological  changes.  In  retrograde  changes  attention  has  until  now  been 
turned  more  in  both  directions. 

The  nutrition  of  the  elements  of  the  body  may  be  changed  in  three  ways : 

1.  If  the  NUTRITION  is  increased,  the  part  takes  up  surplus  material, 
the  growth  is  increased:  progressive  metamorphosis;  and  either  in  the 
direction  of  the  old  tissue,  hypertrophy,  hyperplasia  : or  in  a foreign 
direction,  heteroplasia,  neoplasia. 

2.  If  the  nutrition  is  incomplete,  retrogression  is  increased;  the  nor- 
mal form  and  function  are  more  or  less  lost : retrograde  metamorphosis, 
involution. 

3.  If  the  nutrition  is  wholly  interrupted  : necrosis,  gangrene. 

The  different  disturbances  of  nutrition  occur  sometimes  singly,  sometimes 

two  or  more  together,  sometimes  combined  with  various  disturbances  ot 
the  circulation,  and  with  inflammatiou. 

1.  IMPERFECT  NUTRITION,  RETROGRADE  METAMORPHOSIS. 

(ATROPHY,  INFILTRATION,  AND  DEGENERATION.) 

(The  general  literature  of  the  subject  iR  found  in  writings  on  general  pathology 
and  pathological  anatomy.  Special  literature,  ride  infra.) 

Tiie  various  retrograde  metamorphoses  have  in  common,  a decrease 

IN  VARIOUS  DEGREES  OF  THE  NUTRITION  AND  FUNCTION  OF  THE  AFFECTED 
parts.  In  this  respect,  however,  the  elements  undergoing  atrophy  tissue 
behave  differently. 

a.  They  merely  decrease  in  size,  their  elements  diminish  in  volume, 
their  chemical  elements  art'  not  changed,  only  diminished — quantitative, 
simple,  pure  atrophy.  This  simple  atrophy,  tbe  becoming  smaller,  falling 
away  of  the  elements,  is  yet  to  be  distinguished  from  NUMERICAL  DEt  REARS 
of  the  elements,  wherein  a part  of  them  is  wholly  and  forever  destroyed 
(necrobiotic  atrophy).  In  a given  case,  both  forms  of  atrophy  may  occur, 
and,  besides  these,  degenerations  often  accompany  one  or  another. 

b.  Into  the  tissue  a foreign  substance  from  without,  from  the  blood, 
is  deposited,  infiltrated  (chalk,  pigment,  fat),  which  is  followed  either  by 
a loss  of  special  function,  or  at  the  same  time  by  a change  of  form,  or  fin- 
ally also  by  a complete  destruction  of  the  tissue — infiltration. 

c.  Tbe  tissues  are  transformed  into  other  shapes  and  material,  whereby 
they  are  for  the  most  part  softened  ami  made  absorbable  : thus  albumen 
into  fat,  mucus,  etc., — qualitative  atrophy,  degeneration. 

The  alwjve  classification  is  not  a strict  one. 

The  transformation  of  one  tissue  into  another,  physiologically  of  a 
lower  grade,  but  otherwise  equal  to  the  normal  tissue,  is  usually  not  to 
be  regarded  as  atrophy  or  degeneration,  but  clinically  is  to  be  ranked 
with  it.  Thus,  most  frequently  connective  or  adipose  tissues  occupy  the 
place  of  muscle,  nerve,  and  glandular  tissues  of  all  kinds.  The  opposite 
condition  is  found  in  transformation  of  common  connective  tissue  into  fatty 
or  cytogenic  tissue,  the  fatty  marrow  of  the  medullary  cavity  of  bone  into 
lymphoid  medulla,  etc. 

Certain  forms  of  atrophy,  which  affect  whole  parts  of  the  body  or  the  whole  organ- 
ism, have  formerly,  and  partly  at  the  present  time,  been  designated  by  special  names, 
lhus  simple  emaciation,  macieb.  km  u iatio.  marcor  to  express  wasting  of  the  fat, 
is  distinguished  from  decrease  in  size  of  the  muscles,  tabes.  Others  call  tabes 
a wasting  dependent  upon  affections  of  the  nerves.  Consumption,  putuisis,  con- 
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BUMPTio  were  formerly  applied  to  atrophy  after  ulceration  and  febrile  processes: 
now  they  are  applied  for  the  most  part  only  to  atrophy  appearing  in  the  course  of 
chronic  pulmonary  tuberculosis.  Hectic  is  applied  to  emaciation  through  loss  of 
the  fluids,  f.ff.,  diarrhoeas,  hemorrhages.  Marasmus  signifies  rather  the  continuous 
low  condition  of  nutrition,  as  it  is  found  in  bad  nourishment,  or  normally  in  old  age. 
Cachexia  is  commonly  applied  to  the  state  of  lasting  slight  nutrition  of  younger 
persons.  But  these  expressions  are  now  often  used  indiscriminately  for  atrophy  of 
the  whole  body,  etc.,  which  is  acquired  by  sickness. 

Before  our  knowledge  of  histological  changes,  atrophies  were  divided  into  indura- 
tions and  softenings.  To  indurations  were  referred  also  a number  of  processes, 
which  consist  in  hypertrophies  or  new-formations,  especially  of  connective  tissue. 
Just  as  ambiguous  is  the  expression  SOFTENING.  This,  like  induration,  likewise 
occurs  not  infrequently  under  circumstances  where  no  atrophy  can  be  assumed.  All 
cedematous  parts  are  softer,  etc.  So,  e.ff.,  in  general  emaciation  there  is  a kind  of 
softening  of  the  fat  tissue,  but  which  in  reality  represents  a transformation  of  it  into 
ordinary  mucous  tissue  ; in  inflammations,  etc.,  there  frequently  appears  a transfor- 
mation of  the  common  connective  tissue  into  the  same  tissue.  At  other  times  there 
arises  a softening  in  consequence  of  digestion,  e.g. , softening  of  the  stomach.  Sof- 
tening of  the  bones  may  have  various  causes : in  a formation  physiologically  analo- 
gous to  that  of  the  medullary'  cavity,  whereby  the  hard  circumference  becomes  thin- 
ner with  age,  the  medullary  cavity  wider,  and  cavities  are  found  in  the  bone,  which 
are  filled  with  granulation  or  fat  cells  ; in  an  enormous  new- formation  of  vessels  ; 
in  a resorption  of  the  lime  salts  (halisteretic  form  of  malacia). 

The  consequences  of  atrophies 

are  partly  local,  partly  general  in  character. 

The  local  influence  of  atrophies  consists  for  the  most  part  in  a dimin- 
ished, often  wholly  arrested  function  of  the  part  affected.  Therefore, 
besides  being  dependent  upon  the  kind  and  degree  of  the  atrophy,  it  is 
especially  dependent  upon  the  importance  of  the  parts. 

This  influence  is  so  much  the  greater  if  the  atrophies  affect  parts  which, 
in  the  intra-uterine  state,  are  wholly  or  in  part  undeveloped.  In  this 
event,  all  congenital  defects  and  fissures  have  their  origin.  These  are 
beyond  the  limits  of  our  consideration.  But  in  the  extra-foetal  state  also, 
and  before  the  completion  of  growth,  proportionately  greater  consequences 
follow  from  the  same  causes  than  after  complete  development:  especially 
in  the  osseous  system.  Thus  arise  local  arrests  of  growth  in  the  length  of 
bones  in  young  persons  in  consequence  of  diseases  of  the  intercartilaginous 
lamella  on  the  epiphyses,  etc.  (especially  suppuration  ot  it  and  premature 
ossification  in  osteomyelitis,  caries,  and  necrosis  in  the  extremities  ; resec- 
tion of  joints  inclusive  of  the  intercartilaginous  layer);  shortening  of  the 
cranial  bones,  pelvic  bones,  etc.,  after  previous  suppurative  or  ossifying 
inflammation  of  them  : the  various  cranial  and  pelvic  deformities. 

The  local  influence  of  atrophies,  therefore,  if  we  except  normal  retro- 
gressions of  the  organism  (thymus  gland,  etc. — puerperal  uterus),  is  always 
unfavorable  with  respect  to  pre-existent  tissues.  It  is  favorable,  on  the 
other  hand,  with  respect  to  exudations  (pus)  and  most  new-formations, 
especially'  those  chiefly  cellular  (tubercle,  cancer)  : these  are  thereby  dimin- 
ished in  size  or  may  even  wholly  disappear. 

The  general  INFLUENCE  of  atrophies  depends  upon  their  kind,  grade, 
and  extent,  upon  the  dignity  of  the  organ  affected,  upon  the  possibility  of 
reproduction  of  the  destroyed  tissues,  or  of  a compensation  of  their  func- 
tions. In  this  connection  nothing  general  can  be  stated. 

Atrophies  occur  sometimes  alone,  sometimes  with  one  or  anothei  dis- 
turbance of  THE  circulation,  or  inflammation,  or  other  forms  of  NUTRI- 
TIVE disturbance.  The  relation  of  retrograde  metamorphoses  to  circulat- 
ory disturbances  varies.  Many  atrophies  are  results  of  certain  disturbances 
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of  the  circulation : thus  simple  atrophy  and  fatty  metamorphosis  are  results 
of  anaemia  ; pigment  metamorphosis  a consequence  of  hypersemia  and  lue- 
morrhage.  Or,  atrophies  are  the  conditions  of  disturbances  of  the  circula- 
tion : thus  lardaceous  metamorphosis  is  followed  regularly  by  anaemia,  etc. 
Or,  atrophies  are  followed  by  manifold  processes. 

Thus,  in  ARTHRITIS  deformans  ( malum  senile)  there  appears  at  first  an  atrophy  of 
the  articular  cartilage  ; further  on,  in  consequence  of  the  abnormal  pressure,  etc. , 
inflammation  of  the  synovial  membraue  and  subjacent  bone.  thickening  and  increase 
in  size  of  the  former,  hypertrophy  of  the  bone,  etc.  All  this  is  so  much  the  more 
prominent  in  the  lower  extremities,  where  the  mechanical  conditions  of  pressure  are 
most  often  present  and  most  effective.  Still  more  complicated  are  the  conditions  in 
rachitis  : the  new-formation  of  cells,  which  determines  the  growth  of  bone  in  its 
length  as  well  as  thickness,  and  the  formation  of  the  medullary  space  take  place 
here  too  quickly  or  at  least  to  too  great  an  extent  and  too  irregularly,  whilst  the  for- 
mation of  true  bone  substance  does  not  go  on  with  equal  pace,  giving  rise  thereby  to 
bending,  incomplete  or  complete  fractures  of  the  bones,  swellings  of  the  articular 
extremities,  etc. 

The  causes  of  atrophies 

lie  generally  in  the  fact,  either  that  the  tissue-elements  do  not  grow  at  all 
or  riot  to  sufficient  extent,  or  that  their  retrogression  is  more  active  than 
their  growth. 

Atrophies  are  usually  distinguished  as  active  and  passive. 

The  causes  of  passive  ATROPHIES  are: 

1.  Pressure,  which  may  affect  an  entire  part  or  only  its  vessels  or 
nerves,  is  exerted  from  without  or  from  within,  or  has  its  source  in  degen- 
erations and  uew-formations.  Examples  are  found  in  all  parts  of  the  hodv, 
in  external  and  internal  organs.  The  small  feet  of  the  Chinese  women,  the 
deformed  skulls  of  many  races  of  people,  are  effects  of  this  cause.  The 
most  striking  are  the  atrophies  of  bony  parts  : of  the  vertebral  column  by 
aneurisms;  of  the  vault  of  the  cranium  by  the  Pacchionian  bodies ; of  the 
articular  extremities  by  abnormal  unilateral  or  uniform  pressure,  as  in  long 
standing  or  sitting,  especially  during  the  period  of  growth,  in  luxations  and 
contractures.  This  form  of  atrophy  is  often  seen  in  the  skin  over  varicose 
veins;  in  the  liver  it  arises  from  pressure  of  contracting  connective  tissue, 
etc. 

Pressure  is  the  cause  of  the  disappearance  of  the  vessels  on  the  articular  surfaces 
during  development,  to  which  pressure  they  are  exposed  by  use  of  the  joints  (TOYN- 
BEE. Philo*.  Transact .,  1841.  I.,  p.  150).  If  in  childhood  the  various  joints  are  by 
use  exposed  to  pressure,  these  vessels  recede,  and  in  the  adult  are  found  only  in  the 
margin  of  the  articular  cartilage.  (Under  various  diseased  conditions  the  vessels  are 
formed  anew).  Also  in  the  explanation  of  a number  of  acquired  deformities  of  the 
joints,  abnormal  pressure  plays  an  imi>ortant  part.  Such  anomalous  differences  of 
pressure  cause  an  irregular  growth  of  the  articular  extremities : since  where  the 
pressure  is  abnormally  strong,  growth  is  loss,  where  it  is  diminished,  growth  is  pro- 
moted. If  the  level  of  ossification  sinks  somewhat  on  one  side,  and  rises  on  the 
other,  the  joint  becomes  oblique. 

2.  Want  of  nourishment  chiefly,  diminished  supply  of  nutritive  mate- 
rial. This  is  either  general  or  local.  In  the  former  case  the  cause  may 
reside  without  the  body  (poverty,  hunger),  or  in  disorders  of  the  body  itself 
(stenosis  of  the  higher  organs  of  digestion,  refusal  of  food  in  insanity,  etc., 
general  aiueinia  from  different  causes).  Sometimes  a quantitative,  sometimes 
a qualitative  diminution  of  nourishment  is  present:  with  respect  to  the 
latter  a deficiency  of  lime  especially  appears  to  be  injurious.  Examples  of 
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locally  diminished  supply  of  nutriment  are  furnished  in  all  forms  of  ame- 
mius,  especially  those  dependent  upon  chronic  arteritis;  venous  liypene- 
mia,  since  here  an  insufficient  amount  of  blood  flows  into  the  parts ; 
haemorrhage  and  dropsy,  in  so  far  as  they  cause  pressure  upon  parts  and 
anaemia. 

dross vr  showed  that  if  young  growing  hens  are  fed  for  months  with  washed  feed 
and  distilled  water,  the  bones  become  thin,  soft  and  fragile.  Aocoi'ding  to  Wegener 
( 1 irch.  Arch. , 1872,  LV.,  p,  11),  under  the  simultaneous  influence  of  feeding  with 
phosphorus  and  deprivation  of  inorganic  substances,  e.g..  chalk,  the  mode  of  growth 
of  the  bones  suffers  a change  which  corresponds  with  rachitis  in  man. 

3.  Digestive  disorders  act  in  a similar  manner  (most  febrile  diseases  ; 
many  acute  and  chronic  diseases  of  the  stomach  and  intestinal  canal,  liver, 
and  pancreas;  many  diseases  of  the  brain,  heart,  lungs) ; also  disturbances 
with  respect  to  resorption  (numerous  diseases  of  the  heart  and  lungs  con- 
nected with  venous  liypernemia  of  the  abdominal  organs ; many  diseases  of 
the  liver,  stomach,  and  small  intestines,  and  of  the  mesenteric  glands). 

4.  Exhausting  evacuations  (hiemorrhages,  excessive  secretions  and 
excretions,  e.g.,  excessive  lactation,  diabetes,  albuminuria,  great  exudations 
and  ulcerations). 

5.  Concussions  (see  Calcification). 

The  causes  of  active  atrophies  are  : 

1.  Lessened  function  and  diminished  local  irritation:  thus  bones,  mus- 
cles, and  nerves  undergo  atrophy  when  they  are  not  used.  In  consequence 
of  insufficient  use  for  years,  whole  extremities  not  infrequently  are  atro- 
phied (aplasia  of  inactivity),  especially  the  lower  extremities  after  chronic 
inflammation  of  the  joints,  after  caries  in  children,  the  lingers  of  adults  in 
severe  arthritis  deformans  ; the  extremities  of  bones  in  stumps  after  ampu- 
tation, those  which  diminish  in  pseud  arthrosis ; likewise  the  lower  jaw,  after 
loss  of  the  teeth ; the  orbits  decrease  in  size  after  loss  of  tlx;  eyeballs,  the 
cotyloid  cavity  after  unreduced  luxation  of  the  liip-joint.  In  like  manner 
is  the  inactive  portion  of  the  intestine  atrophied  in  artificial  anus.  Like- 
wise, the  testicles  grow  smaller  after  an  abstinence  for  years  from  coition, 
•especially  in  the  later  years  of  life  and  after  previous  activity. 

If,  in  consequence  of  the  changed  condition  of  the  intermediate  lamina  of  the 
joint  a part  of  the  articular  cartilage  never  comes  in  contact  with  the  opposite 
cartilage,  the  cartilage  becomes  atrophied : it  becomes  fibrous,  its  cells  fatty,  and 
the  tissue  is  finally  entirely  lost  (Henke).  Consult  Volkmann,  in  Pitua-Bill- 
Eotii’s  IFdh.  d.  Chir.,  1872,  II.  B. , p.  004. 

Bonner  and  Teissier  have  shown  how  great  the  changes  may  be,  which  occur  in 
stiff  and  motionless  joints  which  perform  no  function.  The  synovia  becomes  scanty 
and  disappears ; the  capsule  shrivels ; the  synovial  membrane,  through  whose  ar- 
rangement the  motion  of  the  joint  is  only  rendered  possible,  is  shortened  and  finally 
in  part  or  wholly  obliterated.  Finally,  synechia)  arise  between  the  articular  surfaces, 
even  bony  anchylosis.  Concerning  hydrarthrosis  of  stiff  joints,  consult  You  km  an  n 
(Bert.  /din.  Wschr.,  1870,  Nr,  30-31). 

2.  Excessive  use  of  parts:  progressive  muscular  atrophy  after  severe 
straining  of  the  muscles,  fatty  degeneration  of  the  heart  after  prolonged  and 
increased  activity  of  it,  atrophy  of  the  brain  after  great  fatigue  of  the 
mind,  atrophy  of  the  testicles  after  prolonged  onanism,  emphysema  of  the 
lung  after  habitual  crying,  etc. 

3.  Many  substances  used  in  the  arts  or  as  medicaments  cause  atrophy 
(lead, — iodine,  mercury,  phosphorus,  alkalies,  ergot). 
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4.  Poisons  of  infectious  diseases  (small-pox,  diphtheritis,  syphilis,  etc.) 
are  followed  by  various  metamorphoses  directly,  or  by  inflammation. 

5.  Inflammations  uot  infrequently  cause  atrophies  (see  p.  272). 

6.  High  fever  of  short  duration,  or  fever  continuing  for  a longer  time 
(see  Hectic  fever).  Fever  acts  by  deficient  nourishment,  increased  con- 
sumption of  the  parts,  perhaps  also  in  a peculiar  manner  (heat  of  fever)  : 
the  weight  of  the  body  decreases,  the  urea  of  the  urine  is  generally 
increased. 

7.  The  influence  of  the  nerves  upon  disorders  of  nutrition  is  in  gene- 

ral frequently  demonstrable.  The  nerves  act  ]*erhaps  in  part  directly : 
trophic  nerves  (sudden  blanching  of  the  hair,  gelatinization  of  granulations 
from  flight,  etc.)  ; in  part  through  the  vaso-motor  nerves  (e.ff.,  section  of 
the  sympathetic) ; in  part  through  the  nerves  of  sensation  (thereby  unno- 
ticed influence  of  external  injurious  irritants);  in  part  through  disorder  of 
function  atrophy  of  paralyzed  members) ; through  loss  of  appetite, 

sleeplessness,  etc.  Most  disorders  of  nutrition,  dependent  uj»on  the  nerves, 
seem  to  occur  through  the  vaso-motor  nerves.  From  paralysis  of  these 
there  arises  congestive  hypersemia  with  increased  temperature,  which  mostly 
disappears  again  after  quick  healing  of  the  nerve-affection,  at  other  times, 
however,  is  followed  by  congestive  hypenemia  with  retarded  circulation, 
decrease  of  temperature,  and  by  nutritive  disturbances  of  various  kinds 
(simple  consumption,  fatty  metamorphosis,  etc.). 

Experimental  investigations  have  furnished  numerous  proofs  of  these 
views. 


As  regards  the  exi>eri mental  sections  of  nerves  with  consecutive  atrophy  of 
the  parts  supplied,  the  parts  indicated  in  the  chapters  on  disturbances  of  the 
circulation  (p.  1 75).  on  iullamtnation  (p.  244),  on  gangrene,  are  to  be  consulted,  besides 
the  known  works  of  Maoknihk.  Sen  iff.  and  .Mhi-snku.  According  to  Obolensky 
(Mtd.  Ctrlbl. , 18117,  Xo.  32),  section  of  the  spermatic  nerve  with  removal  of  a piece 
of  it,  induces  fatty  degeneration  of  the  peripheric  portion,  and,  in  conseqnence  of 
the  destroyed  innervation,  in  spite  of  the  integrity  of  the  V'  ssels,  the  name  degenera- 
tion of  the  epithelium  of  the  glandular  tub**  of  the  testicles,  as  well  as  of  the 
epididymis.  Thereby  the  glands  arc  atrophied,  and  not  the  interstitial  tissue  which 
sometimes  is  transformed  into  fat-tissue.  Landois  and  EuLKNUKHO  observed  in 
frogs,  rabbits,  and  dogs,  after  section  of  the  sciatic  nerve,  great  disturbances  of  nu- 
trition, even  gangrene  of  the  foot  Simple  section  of  the  great  nerve  trunks  of  a 
member  or  organ  leaves,  moreover,  the  communication  not  yet  completely  destroyed, 
because  possibly  the  nervo-tibres  presiding  over  tbe  vegetative  processes  follow  pecu- 
liar courses  different  from  those  of  the  chief  trunks  The  skin  of  frogs  with 
destroyed  brain  and  spinal  cord  always  becomes  gradually  smoother,  dry.  and  dis- 
colored ; it  feels  like  parchment  and  stiff  (Ool.TZ.  etc.). — MantkoaZza  ( Oiorn . 
teneto  <li  »«.  M rd. . 8 t b. , 1807)  observed,  after  section  of  the  sciatic,  changes 
also  in  the  connective  tissue,  periosteum,  bones,  and  lymphatic  glands. 

_ After  experimental  nerve-section,  various  changes  of  the  muscles  have  been  found. 
Mvxtkoazza  found  them  smaller,  their  nuclei  and  the  connective  tissue,  increased  ; 

' ui.uian  observed  besides  an  increase  of  the  fat -cells,  likewise  Erb  and  lately  Biz- 
Zozkuo  and  Goloi  1 Otstr.  mtd.  JnUrh .,  1873,  p.  125).  The  latter  observed  some 
muscles  in  rabbits,  11  months  after  the  section,  almost  entirely  transformed  into 
fatty  tissue. 

Clinically,  and,  to  a less  extent,  by  pathologico-anatomical  observations, 
a number  of  atrophies  have  been  demonstrated,  which  are  the  conse- 
quences of  the  interrupted  influence  of  vaso-motor,  or  trophic  nerves. 

I,:  satue  occur  in  many  of  the  common  cerebral  and  spinal  paralyses, 
but,  above  all,  in  those  of  the  peripheric  nerves.  In  obi  hemiplegias 
the  epidermis  is  often  dry,  rough,  and  scaly,  the  nails  curled,  fissured,  and 
brittle;  the  extremities  become  thin,  especially  with  simultaneous  coutrac- 
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tures.  In  spinal  paralysis  all  these  symptoms  are  for  the  most  part  still 
more  strongly  pronounced,  so  that  there  frequently  result  bed-soke,  or 
gangrene  from  pressure.  This  is  the  most  striking  and  constant  in  pkki- 
phekal  paralyses.  In  paralysis  of  the  facial  nerve  the  paralyzed  half  of 
the  face  is  more  faded  and  thinner  than  the  normal  half;  not  only  the  fat 
etc.,  but  also  the  muscles  are  atrophied.  In  paralysis,  e.g.,  after  section 
of  one  or  more  nerves  of  an  extremity,  the  skin  of  the  affected  parts  is 
cooler  (even  to  many  degrees),  and  bluish-red,  and  the  muscles  are  atro- 
phied, etc. 


Mitchell,  Morehouse,  and  Keen  ( Gunshot  Wounds  and  other  Injuries  of  Nerves, 
1864)  communicate  interesting  cases  of  traumatic  lesions  of  nerves  and  their  influ- 
ence upon  nutrition.  Consult  also  Secchi,  Die  dutch  Nervenverletzungen  bedinytm 
Fit nctionsstdru ngen  und  trophiseken  Ilautverdnderungen,  Bresl.  Digs.,  i860. 

According  to  Notiinagkl  (Arch.  f.  Psych,  n.  Nervcn/crkh. , II..  1 II.,  p.  29)  atrophy 
in  parts  which  arc  the  seat  of  a neuralgia,  depends  upon  the  simultaneous  partici- 
pation of  the  vaso-motor  nerves.  In  two  cases  of  sciatica,  the  extremity  became 
pale  with  the  appearance  of  pain,  and  felt  cold ; there  was  also  a subjective  feeling 
of  cold,  at  the  same  time  a feeling  as  though  the  part  were  dead,  insensibility,  and 
irritation.  The  sensibility  was  also  objectively  lowered,  so  that  light  touches  were 
not  at  all  felt,  strong  pinching  only  slightly. 

Alopecia  senilis  coincides  with  the  region  of  the  frontal  nerve  (0.  Simon). 

[Consult:  Mitchell,  Injuries  of  Nerves,  Phila.,  1872.] 

To  this  class  also  belong  many  forms  of  disease  rarely  occurring,  but  which 
by  their  symptoms,  extent,  etc.,  are  highly  characteristic  and  very  evident  to 
the  senses,  tuopiio-neuroses  : many  deformities,  atrophia  lateralis  cruciata, 
unilateral  atrophy  of  the  face  or  of  an  extremity,  glosso-pharyngeo-labial 
paralysis,  muscular  atrophy,  essential  infantile  paralysis.  In  these  cases 
the  change  resides,  differently,  sometimes  in  the  sympathetic,  sometimes  in 
the  anterior  ganglion  cells  of  the  spinal  cord,  sometimes  in  determined  parts 
of  the  medulla  oblongata. 

[ Vide  paper  by  Editor,  On  Spinal  Paralysis,  Trans.  N.  Y.  Acad,  of  Med.  1874.] 

In  a series  of  deformities,  with  the  absence  of  certain  parts  of  the  spinal  cord  and 
their  nerves,  there  are  also  wanting  the  corresponding  voluntary  muscles,  whilst 
bones,  cartilage,  vessels,  and  skin  are  normally  developed.  A rare  but  striking  kind 
of  atrophy  exists  as  crossed  lateral  atrophy  (atrophia  lateralis  cruciata),  i.e., 
atrophy  of  half  of  the  cerebrum  in  atrophy  of  the  opposite  half  of  the  cerebellum, 
spinal  cord,  nerves,  muscles,  and  bones.  Hemiatbopiiia  facialis  consists  in  a 
circumscribed  total,  iixed  or  progressive  atrophy  of  the  skin  (or  mucous  membrane', 
muscles  and  bones  (even  the  teeth),  with  complete  integrity  of  the  remainder  of  the 
body,  and  with  normal  motility  and  sensibility  of  the  atrophied  parts  : e.g.,  atrophy 
of  one  cheek,  or  of  one  half  of  the  whole  head  and  face,  sometimes  at  the  same 
time  with  that  of  the  tongue  and  lower  jaw;  or,  the  atrophy  affects  au  extremity 
(observations  of  Cu.  Bell,  Hi  ml  y.  Lobstein,  Romberg,  Stilling,  Virchow, 
Bergson.  Barwinkle,  Seeligmlller,  Brunner,  Emmingiiaus,  and  others  \D. 
Arch.  f.  kliii.  Med.,  1872,  XI.,  p.  96]).  According  to  Barwinkle,  in  such  cases  the 
affected  ganglion  is  diseased;  according  to  Brunner,  it  depends  upon  a permanent 
state  of  irritation  of  the  cervical  sympathetic.  In  a man  85  years  old,  otherwise 
healthy,  I saw  a case  perhaps  belonging  in  this  connection,  where  there  was  com- 
plete wasting  of  the  greatest  part  of  the  right  inferior  maxilla  after  previous  falling 
of  the  teeth,  and  without  phenomena  of  inflammation,  suppuration,  and  gangrene. 

In  progressive  musculaii  athopiiy  the  cause  of  the  wasting  of  the  muscles 
likewise  resides  in  the  nervous  system  : according  to  Cruveiliiier,  Sappey,  Reck- 
linghausen, and  others,  in  the  anterior  roots  of  the  spinal  nerves ; according  to 
Sctineevogiit,  Remak,  Jaccoud,  and  others,  in  the  sympathetic;  according  to 
Valentiner,  Virchow,  Frommann,  Friedreich,  and  others,  in  the  spinal  cord. 
In  atrophia  musculorum  LIPOMATOSA,  Barth  ( Arch.  d.  Heilk. , 1871.  XII.,  p. 
121)  found  an  atrophy  in  the  anterior  and  lateral  columns  of  the  spinal  cord. 
In  essential  paralysis  of  children,  Charcot,  Joffiioy,  Vulfian,  Recklinghausen, 
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BARTH,  found  degenerations  in  the  anterior  horns,  antero-lateral  columns,  and  ante- 
rior roots  of  the  spinal  cord.  According  to  Eclknberg  (Iini.  /din.  Wschr.,  1872, 
Nr.  2)  the  centres  of  nutrition  of  muscles  Lie  in  the  cells  of  the  anterior  horns  and 
extend  outward  through  the  anterior  roots. 

[Consult  Hammond,  ,4  Treatise  on  Diseases  of  the  Nervous  System.  Gth  Ed.  X.  Y., 
1875,  p.  44b  et  seq. — Ed.] 

The  above  view,  according  to  which  atrophy  in  the  nervous  system  is  primary, 
that  at  the  periphery  secondary,  has  many  opponents.  The  latter  assume  a directly 
opposite  relation.  Many  observations  support  this  view.  Thus,  according  to  Vul- 
pian  (Acad,  des  Sc.  Paris.  2(5  Febr.,  1872).  after  amputation  of  the  limbs  there  is  a 
shortening  of  the  diameter  of  the  corresponding  half  of  the  spinal  cord,  especially 
of  the  posterior  columns  and  posterior  horns,  dependent  upon  simple  atrophy.  Sec- 
tion of  the  larger  nerves  of  an  extremity  is,  according  to  V.,  followed  by  the  same 
consequences. 

Not  infrequently,  in  special  cases,  many  causes  of  atrophy  are  present  at 
the  same  time.  In  children  ( patdatroph in ) atrophy  not  infrequently  appears 
without  other  disorders  of  the  body  than  slight  intestinal  catarrhs,  whilst 
at  other  times  the  most  extensive  changes  are  found  in  the  lungs,  intestinal 
canal,  and  lymphatic  glands.  Among  the  former  cases  there  are  many 
which  follow  from  typhoid  fever,  where,  under  increasing  atrophy  of  high 
grade,  death  appears,  and  no  farther  causes  are  shown  by  autopsy. 

In  old  people,  an  atrophy  of  all  tissues  occurs  normally  and  slowly:  so- 
called  marasmus  senilis.  But  a somewhat  similar  condition,  with  febrile 
movement,  sometimes  occurs  in  an  acute  manner : so-called  morbus  cliinac- 
lerius. 


A.  SIMPLE,  OR  PURE  (QUANTITATIVE)  ATROPHY. 

(ATIiOrillC  HARDENING.  SCLEROSIS,  INDURATION,  OBSOLESCENCE,  CORN IPICATION, 
COLLAPSE.— CHEESY  DEGENERATION,  TUBKHCULARIZATION. ) 

Canstatt.  Art.  “ Atntphis  ” in  Wagner’s  1 bn,  dir.  d.  Phys.  1842.  I.,  p.  27. 

Ecrkr,  Arch.  f.  Phys.  Heilk.,  1843,  II. — Virchow,  Wurtb.  Verb..  I.,  p.  85;  II.,  p. 
72. — Buhl,  Zts.hr.  f.  rat.  .V'd..  1830,  VIII..  p.  1. — Forster,  Virch.  Arch.,  1857, 
XII..  p.  197. 

Simple  or  pure  atrophy  is  characterized  by  a decrease  at  first  of  the 
fluid,  later  of  the  formed  elements  of  tissues,  without  simultaneous  essential 
chemical  changes.  Thereby  the  affected  tissues  or  organs  become  smaller, 
firmer,  dryer,  but  retain  their  essential  texture;  they,  for  the  most  part, 
become  poorer  in  blood,  rarely  richer  in  blood,  because  of  the  growing 
smaller  of  the  remaining  parts  of  the  tissue  ; they  suffer  in  their  functional 
capacity. 

Simple  atrophy  frequently  occurs,  and  affects  normal  as  well  as  new- 
formed  tissues. 

1 he  causes  of  simple  atrophy  are,  in  the  main,  decrease  of  nutritive  mate- 
rial (hunger,  excessive  loss  of  fluids,  as  especially  in  diabetes,  deficiency  of 
bloodvessels,  diseases  of  the  vessels),  in  consequence  of  which  there  is  a 
deficient  new-growth  (so-called  aplasia),  as  in  senile  atrophies.  Simple 
atrophy  has  been  observed  in  the  testicle,  in  consequence  of  over-exercise 
of  function.  These  atrophies  arise  also  in  consequence  of  diminished 
performance  of  function:  thus,  in  the  bones,  joints,  nerves,  genitals,  from 
various  causes.  More  rarely,  simple  atrophy  depends  upon  an  increased 
retrograde  formation,  which  occurs  most  strikingly  through  long-continued 
pressure  upon  tissues  (atrophy  of  all  tissues,  especially  also  of  the  bones  by 
tumors  and  aneurisms,  by  intentional  external  pressure,  e.fj. , upon  tumors, 
callus,  etc.  ; Atrophy  of  the  kidneys  in  hydronephrosis,  atrophy,  so-called 
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i(“d  or  cyanotic,  of  the  liver  in  congestion  of  the  hepatic  veins,  biliary  in 
accumulations  of  bile,  etc. ).  The  causes  of  simple  atrophy  of  many  new- 
formations  are  partly  these,  partly  those  which  consist  in  a peculiar  dispo- 
sition of  the  whole  organism  (see  Scrofuloais). 

(Consult  Inanition,  Diabetes,  Ischaemia,  etc.) 

Of  especial  interest  with  respect  to  the  course  of  fibres  in  the  brain  and  spinal 
cord  is  the  degeneration  of  the  spinal  cord,  first  demonstrated  by  TCkck  ( Ztechr . d. 
(lot.  d.  Wien.  Aerzt.e,  1 850,  I.  H. ; Wien.  aead.  Sitz.-Ber .,  1851.  p.  288.  See  also 
Barth.  Arch.  d.  JJeilk . , 18<ii).  X.,  p.  488.).  Degeneration  proceeds  finally  to  the 
complete  disappearance  of  the  medullary  sheath.  It  is  a result  of  the  arrested 
function  of  the  affected  parts,  begins  some  weeks  after  the  diseases  acting  as  causes, 
and  is  after  some  months  completely  developed.  In  primary  diseases  of  the  thalami 
optioi,  corpora  striata,  etc.,  certain  bundles  of  the  pons  and  of  the  medulla  oblongata 
are  atrophied,  the  posterior  parts  of  the  lateral  columns  of  the  spinal  cord  on  the  op- 
posite side,  etc. 

[Consult  Boi’Ciiaud,  Secondary  Degenerations  of  the  Spinal  Cord.  Trausl.  from 
the  French  by  E.  It.  Hun,  M.D.,  Albany,  180!). — Ed.] 

Simple  atrophy  of  normal  tissues  occurs  physiologically  : at  all  ages 
in  flu-  hair,  in  the  upper  layers  of  the  skin,  and  of  the  mucous  membranes 
with  laminated  pavement  epithelium  ; in  the  fetal  state  in  some  vessels 
(umbilical  vessels,  duct  tin  JiotaUi , etc.),  in  the  Wolffian  bodies,  etc.  ; during 
the  first  years  of  life  in  the  thymus  gland,  in  the  milk-teeth  ( dentes  deci- 
dui)t  in  the  vessels  of  the  synovial  membranes,  etc.  ; at  certain  periods  of 
life,  especially  in  old  age,  in  almost  all  tissues,  from  the  fiftieth  year  in  the 
genitals,  especially  the  mammary  glands  and  ovaries. 

As  a cause  of  SECOND  DF.NTITIon,  beginning  in  the  seventh  year  of  life,  there  has 
been  demonstrated  an  obliteration  of  the  branch  of  the  dental  artery  : thereby  the 
roots  of  the  deciduous  teeth  disappear  and  the  crowns  become  loose  and  fall  off.  An 
ossification  of  the  tootli-pulp  appears  to  precede  the  falling  out  of  the  teeth  of  old 
people;  the  new-formed  bone-substance  is  like  the  dentine,  nevertheless  is  less  uni- 
form and  contains  also  radiate  bone-cavities  (Nasmyth). 

Pathologically,  simple  atrophy  is  present  in  various  tissues  as  emacia- 
tion, and  us  premature  marasmus  of  age,  after  severe  acute  and  chronic 
diseases  (typhoid  fever,  etc., — pulmonary  phthisis,  diabetes,  etc.).  Some- 
times it  occurs  locally  from  various  causes  (especially  pressure  from  with- 
out, or  through  internal  forces:  most  distinctly  in  the  skin  over  large 
tumors — disappearance  of  the  supplying  nutritive  or  functional  vessels, 
interstitial  connective  tissue  growth).  Many  metamorphoses  of  mucous 
surfaces  into  membranous  forms  also  belong  to  this  category. 


Mechanical  forces,  according  to  Mendelsohn,  are  also  the  causes  of  pulmonary 
emphysema.  During  over  exertion  of  the  body,  playing  of  wind  instruments, 
attacks  of  coughing,  etc. , the  glottis  is  narrowed  and  lower  portion  of  the  thorax  is 
contracted  through  action  of  the  abdominal  muscles.  The  air.  which  can  only  in  part 
escape,  or  not  at  all.  through  the  glottis,  is  thus  compressed  into  the  upper  lobes  of  the 
lungs,  whose  elastic  tissue  become  gradually  relaxed,  and  this  is  followed  by  a perma- 
nent distention  of  the  alveoli.  According  to  Ibaaksrohn  ( Virch.  Arch.,  1871.  bill., 
p.  4<i(i),  pulmonary  emphysema  depends  upon  a peculiar  wasting  of  the  vessels,  con- 
nected with  thrombosis. 

Menzel  (Arch,  f klin.  Chir.,  1871,  XII..  p.  990)  furl  her  observed  experi- 
mentally the  joint-affection  arising  from  continued  rest  of  the  joints,  which  had 
alreadv  been  observed  by  J.  0 r,< mji  it  ( Dud . dr.  Med..  1821.  1 I.).  Teissier  ( Guz. 
med.  de  Par..  1841,  p.  609  u.  025),  Bonnet  (Tr.  d.  mal.  d.  nrtic.,  1855),  and  VOLK- 
jiann  (Deri.  id.  War  hr.,  1870.  No.  83  ff.).  He  inclosed  the  joints  in  plaster  und 
examined  them  after  11-68  days.  The  immovability  was  never  dependent  upon  the 
synovial  membrane  or  ligaments,  but  particularly  upon  changes  in  the  cartilage. 
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The  synovial  membrane  was  always  greatly  swollen  and  reddened.  The  cartilages 
were  fawn-colored  and  dull.  They  showed  microscopically,  fibrous  or  ligamentous 
destruction  of  the  basis  substance,  and  proliferation  of  cartilage-cells. 

In  children,  the  epiglottis  is  often  indented  on  the  sides,  partly  turned  over  with 
its  borders  somewhat  curled,  and  projects  with  its  free  posterior  borders  very  far 
backward.  According  to  RlEGKL,  this  form  of  epiglottis  frequently  occurs  in 
tuberculous  adults  and  represents  a deficient  development  only — a permanent  condi- 
tion of  an  earlier  form  belonging  to  childhood  (Berl.  Aiiu.  IliseAr.,  1872,  No.  20  et 
21). 

Simple  atrophy  affects  cells,  basis-substance,  fibres  of  all  kinds.  In 
particular:  epithelium  of  every  kind;  gland-cells,  especially  of  the  liver, 
kidneys,  mammary  glands,  testicles,  lymphatic  glands,  spleen ; connective- 
tissue  corpuscles;  fat-cells  (upon  the  atrophy  of  which  common  emaciation 
is  dependent) ; of  the  basis  substances,  those  of  connective  tissue  and  bones ; 
of  fibres,  those  of  striated  and  smooth  muscles,  nerve-fibres. 

The  microscopic  processes  are  not  yet  entirely  known.  Common  cells 
(epithelium,  gland-cells)  become  smaller,  even  like  nuclei,  or  laminated, 
sometimes  clearer,  sometimes  more  granular,  with  increased  resistance  to 
reagents.  In  fat-cells,  instead  of  simple  large  fat-drops,  there  are  seen 
many  medium  or  numerous  small  fat-drops,  sunounded  by  a serous  liquid; 
finally  the  fat-cells  again  become  connective -tissue  corpuscles ; their  con- 
nective tissue  becomes  for  the  most  part  more  abundant.  Muscle  fibres 
become  smaller,  lose  their  transverse  striation,  not  infrequently  also  the 
longitudinal  stria*  become  softer  and  more  fragile;  they  are  sometimes 
pale,  sometimes  contain  the  ordinary  pigment  and  inter  connective  tissue 
in  gi eater  quantity,  as  well  as  often  numerous  nuclei.  Nerve-fibres  like- 
wise become  smaller  and  poorer  especially  in  medulla,  or  lose  it  altogether: 
this  is  seen  with  especial  clearness  in  gray  degeneration  of  the  posterior 
columns,  as  well  as  in  secondary  atrophy  of  the  spinal  cord.  The  con- 
nective tissue,  capillaries  ansi  gland-membranes  become  denser,  more 
fibrous,  with  increased  resistance  to  reagents;  tin*  connect! ve-t issue  corpus- 
cles become  smaller,  nuclear.  In  the  lungs,  atrophy  of  the  tissues  leads  to 
dilatation  of  the  alveoli  and  to  the  final  disappearance  of  the  tissue 
between  two  alveoli,  with  the  formation  of  a communication  between 
them. 

In  atrophied  fat-tissue  and  in  disappearing  bone-tissue,  in  the  latter 
physiologically,  processes  of  growth  accompany  the  atrophy  : atrophic 
growth  of  fat-tissue,  and  the  multinuclear  giant  cells  of  bone.  (See  New- 
formations.) 

In  pavement  epithelium,  atrophy  is  observed  macroscopically  and  microscopi- 
cally with  especial  distinctness  in  cicatrices  of  various  kinds,  also  in  syphilitic  infil- 
trations (so-called  plaques)  of  the  mucous  membranes  of  the  mouth  anti  soft  palate. 

In  OLaND-CKEI.8,  simple  atrophy  is  most  distinct  in  high  grades  of  congestive 
hyperacmia  (.«.</. , of  the  liver),  in  bloodvessels,  which  have  suffered  extensive  fatty 
degeneration,  and  in  the  neighborhood  of  new-forniations.  The  highest  degree  of 
this  atrophy,  i.r. . nn  entire  absence  of  the  liver-cells,  is  furnished  also  by  the  red 
substance  of  the  liver,  in  acute  yellow  atrophy  of  that  organ  Zi.nkkk,  1).  Arch.  f. 
kbn.  Mol..  1872.  X.,  p.  l(iti). 

Concerning  atrophy  ok  fat-tissue,  consult  the  investigations  of  Flemming 
(.Dr*  j.M/er.  A nat. , 1870,  VII.,  p.  82).  Resides  the  common  retrograde  meta- 
morphosis, F.  observed  that  sometimes  the  fat-cells  may  again  lose  their  membrane  : 
t i<  \ are  finally  represented  by  membraneless,  nuclear  heaps  of  fine  fat-globules, 
r lemming  (lb.,  1871,  VII..  p.  328  found,  besides  serous  atrophy  of  the  fat-cells 
(the  usual  form  of  their  atrophy),  another  very  frequent  anil  perhaps  constant  form, 
w Inch  he  rails  ATROPHIC  GROWTH.  It  consists  in  this,  that  in  some  of  the  atrophic 
iat-cells,  instead  of  the  old  nucleus,  many  nuclei  appear,  sometimes  so  many  that  the 
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whole  space  between  the  fat  and  cell-capsule  is  filled  by  them ; in  others,  the  fat  is 
as  if  pressed  bj'  the  mass  of  surrounding  nuclei  or  small  cells ; finally,  in  many  the 
fat  has  entirely  disappeared  and  is  supplanted  by  an  accumulation  of  denser  young 
cells  equal  in  size  to  the  full  fat-cell.  The  offspring  of  the  fat-cell  for  the  most  part 
become  migrating  cells,  in  part  also  fixed  connective  tissue  cells.  The  same  forms 
are  furnished  by  fat-tissue  in  artificially  induced  inflammation. 

Fi-EMMING  ( Virch . Arch.,  1872,  LVI.,  p.  14(5)  describes  also  a peculiar  atrophy 
of  the  capillary  meshes  in  fat  tissue  : after  the  filled  fat-cells  have  disappeared  by 
suppuration,  etc.,  the  meshes  grow  smaller  until  diminutive  spaces  are  left. 

Huge  ( Virch.  Arch.,  XLIX.,  p.  237)  found,  by  comparative  measurements  of 
amputation  preparations,  that  an  atrophy  also  appeared  in  bones  through  inactivity, 
and  that  the  bone  was  atrophied  as  with  age,  and  by  intercellular  resorption  (contrary 
to  expansion  in  young  bone). 

According  to  Neumann  ( Wien,  acrid.  Sitzgsber.,  1809  ; Wien.  Med.  Ztg.,  1809, 
No.  3),  hair-follicles  and  connective  tissue  shrink  in  the  senile  changes  of  the  skin  of 
man  and  allow  of  the  formation  of  wrinkles ; in  like  manner,  the  epidermis,  rete 
Malpighii  and  sweat-glands  shrivel.  The  elasticity  of  the  skin  diminishes.  Dilata- 
tion of  the  vessels  in  the  skin  of  old  people  is,  according  to  many,  dependent  upon 
a rarefaction  of  the  connective  tissue. 

Many  forms  of  simple  atrophy  occur  in  THE  HAIR : calmties,  baldness  from 
natural  causes,  as  in  old  people,  in  consequence  of  an  atrophy  of  the  hair-follicles ; 
dejlucium  capiUorum,  falling  out  of  the  hair  in  consequence  of  febrile  and  constitu- 
tional diseases  (especially  typhoid  fever,  constitutional  syphilis) ; alopecia . falling 
out  of  the  hair  from  local  causes  and  in  limited  parts,  and  through  inflammation  of 
the  skin  or  hair-follicles  (erysipelas,  eczema,  etc.),  through  vegetable  parasites 
(herpes  tonsurans,  etc.),  through  pressure  of  exudations  and  tumors,  through  inter- 
rupted nervous  influence.  Wiei.an  calls  the  latter  form  porrigo decalvaux,  Cazenavb 
vitiligo,  BaRENSPRUNO  area  Celsi.  The  anatomical  changes  are  the  same  as  in  the 
atrophy  of  age  (Rindfleibch.  Arch.  f.  Dermatol,  u.  Syph.,  1869,  I.,  p.  483).  (Con- 
sult BaRENSPRUNO,  Ann.  d.  Char.,  1857,  VIII.,  3.  H.  p.  59.) 

Bamuerger  and  Recklinghausen  ( Wien.  Med.  Dr  esse.  1869,  No.  27  et  28) 
found  in  two  cases  of  progressive  muscular  atrophy  a diminution  of  the  muscular 
fibres.  Fatty  degeneration  of  them  and  development  of  fatty  tissue  between  them 
is  shown  only  locally,  manifestly  as  a secondary  or  inferior  condition.  The  spinal 
cord  was  normal;  the  anterior  roots  of  the  nerves  appeared  in  one  case  highly 
atrophied,  in  the  other  normal.  In  the  nerves  of  the  muscles,  on  the  other  hand, 
there  were  found  single  atrophied  nerve-fibres,  which  had  suffered  fatty  degenera- 
tion. 

Bum.  ( Lungenentz , u.  s.  w. , 1872)  also  describes  an  acute  pulmonary  atrophy, 
a consequence  of  a pneumonia,  by  him  called  desquamative.  To  distinguish  it  from 
the  otherwise  analogous  acute  atrophy  of  the  liver,  the  affected  parts  of  the  lungs 
may  through  atmospheric  air  experience  softening  or  decomposition. 

The  consequences  of  simple  atrophy,  with  respect  to  the  affected  tissues 
and  organs,  vary  greatly  with  the  form  and  dignity  of  the  latter.  Its  in- 
fluence upon  the  organism  is  likewise  determined  in  the  same  manner. 

Simple  atrophy  has  many  resemblances  with  collapse,  which  for  the 
most  part  appears  very  suddenly  in  extensive  haemorrhages,  sweating, 
evacuations  from  the  stomach  and  intestine  (Asiatic  cholera),  but  depends 
upon  a mere  diminution  of  the  watery  constituents. 

In  consequence  of  continuous  lying  on  the  back,  collapse  appears  in  the  posterior 
parts  of  the  lungs  and  succeeding  inflammatory  infiltration.  For  the  horizontal 
position  causes  a diminution  of  the  thoracic  space,  by  forcing  toward  each  other 
the  anterior  and  posterior  walls,  as  well  as  by  allowing  the  abdominal  contents  in 
this  position  by  gravitation  to  press  against  the  diaphragm.  (Bartels,  Her.  d. 
Naturf.  Vers.,  1872,  p.  161.) 

Simple  atrophy  of  exudations  and  xew-formations  affects  cellular  and 
fibrous  tissues. 

Among  the  cell-formations,  particularly  worthy  of  note,  are  the  cells 
of  pus.  those  of  many  lymphomata,  those  of  syphiloma,  of  tubercle,  and 
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of  cancer.  If  the  cells  lie  in  a fluid  basis  substance,  as  pus-corpuscles  and 
cancer-cells,  this  first  disappears.  Thereupon  the  cells  (or  nuclei)  lose  first 
a part,  then  the  whole  cell-contents:  they  become  thereby  smaller,  flat, 
remain  rounded  or  become  irregularly  angular  and  more  strongly  refrac- 
tive, and  are  less  susceptible  to  the  action  of  reagents.  The  cell-nucleus  is 
indistinctly  or  no  longer  demonstrable.  Finally,  the  cells  or  nuclei  thus 
changed  are  transformed  into  irregular  masses  and  molecules.  At  this 
time  a supplementary  softening  sometimes  reappears,  by  means  of  which 
a resorption  occurs,  and  sometimes  a perforation.  (If  softening  does 
not  occur,  the  purulent  cell-masses,  rarely  those  of  other  character,  are 
ENCAPSULED,  t.c.,  surrounded  by  a firm  connective  tissue  poor  in  vessels.) 

Simple  atrophy  is  often  accompanied  simultaneously  by  a molecular  con- 
dition of  the  cellular  contents,  which  is  fatty,  more  rarely  calcareous  and 
pigmentary. 

Purulent  exudations,  as  well  as  the  affected  new-formations,  become,  in 
consequence  of  this  atrophy,  wholly  or  in  part  changed  into  uniform  or 
punctiform  or  reticular  masses,  which  are  grayish  yellow  or  yellowish, 
homogeneous,  dry,  firm,  or  fragile,  or  cheesy  and  bloodless:  so-called 
ciieesy  metamorphosis  or  tuberculization.  They  thereby  assume  a con- 
dition so  different  from  their  original  one,  that  they  were  formerly  held  to 
be  special  forms  of  new-formations  (formerly  known  as  raw  or  crude,  now 
yellow  tubercle,  carcinoma  retieulatum,  etc.). 

Concerning  cheesy  metamorphosis,  see  p.  203.  The  importance  of  cheesy  meta- 
morphosis of  pus-foci,  with  respect  to  the  origin  of  miliary  tubercle,  is  considered 
under  the  head  of  Tuberculosis. 

Tuberculization  is,  therefore,  called  simple  atrophy,  because  it  is  almost  con- 
stant in  tubercle,  if  this  exists  for  some  time,  and  because  it  was  formerly  known 
as  tubercle.  Virchow  first  demonstrated  its  occurrence  in  other  tissues  ami  new- 
formations. 

In  FIBROUS  new-formations,  atrophy  affects  the  cellular  parts  as  well  as 
the  basis  substance  : the  lutter  becomes  indistinctly  fibrous  or  homogeneous, 
firmer,  dryer;  the  vessels  are  partly  or  wholly  destroyed.  The  entire  new- 
formation  becomes  smaller,  paler,  dryer,  firmer.  This  change  is  found  in 
newly-formed  connective  tissue  of  all  kinds,  in  tendons,  connective  tissue 
hypertrophies  of  the  most  various  organs  (granular  liver),  in  cicatricial  tis- 
sue, where  it  represents  the  CICATRICIAL  RETRACTION  so  important  in  sur- 
gery; further,  in  connective  tissue  of  tumors,  as  well  of  those  which  are 
entirely  formed  of  it,  as  in  those  where  it  exists  only  as  stroma.  (See  Col- 
loid cancer.) 


II.  DEGENERATIONS,  OR  QUALITATIVE  ATROPHY. 

(Degenerations,  metamorphoses,  infiltrations.) 

Degenerations  are  characterized  not  merely  by  change  of  texture,  but 
by  simultaneous  chemical  changes  of  the  parts.  The  substances  which  ap- 
pear in  the  tissues,  usually  in  the  place  of  the  normal  albuminous 
bodies,  are  fat,  cholesterin,  calcareous  salts,  mucous  and  colloid  substance 
and  others;  pigment.  These  substances  arise  either  through  a metamor- 
phosis of  the  albuminous  bodies  (e.g.,  fat  in  fatty  metamorphosis,  mucus), 
and  then  resemble  the  affected  physiological  substances.  Or,  they  are  depos- 
ited from  out  of  the  blood  into  the  tissues  (thus  blood-pigment,  chalk,  fat  in 
fatty  infiltration,  according  to  many  lardaceous  substance) : either  because 
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llie  blood  leaves  the  vessels  in  an  abnormal  manner  {e.r/.,  hsamatoidin),  or 
because  the  blood  contains  these  materials  in  excessive  quantity  («.y.,  fat 
in  fatty  infiltration),  or  because  many  tissues  abstract  the  substances  in 
question  from  the  blood  with  especial  energy  (e.y.,  the  lardaeeous  sub- 
stance). 

Another  change,  besides,  is  to  be  mentioned  here,  which  may  with  almost 
equal  right  be  included  among  the  inflammations.  We  treat  of  it  here, 
since  it  more  or  less  constantly  introduces  other  degenerations,  especially 
the  fatty,  and  since  it  frequently  occurs  without  the  other  phenomena  of 
inflammation.  It  is  the  so-called 


a.  albuminous  infiltration  (or  degeneration) : 

(cloudy  swelling,  granular  albuminous  metamorphosis,  parenchymatous  inflamma- 
tion). 

V me  now.  Arch.,  1852,  IV.,  p.  2fll,  and  in  other  places. — Buhl,  Ztschr.  f.  rat. 
Med.,  1850,  VIII.,  p.  1.  ; KUnik  d.  Qeburtsk.,  1801,  p.  231. 

Albuminous  infiltration  consists  in  a filling  of  the  tissues  with  mole- 
cular albumen.  The  molecules  are  exceedingly  small,  for  the  most  part 
very  pale,  rarely  dark;  they  disappear  in  acetic  acid  and  potassa;  they  are 
not  changed  by  ether;  are  colored  red  by  sugar  and  sulphuric  acid.  By 
this  infiltration  the  tissues  become  more  or  less  clouded,  opaque,  and  increased 
in  size. 

Albuminous  infiltration  affects  cells  of  all  kinds,  especially  those  of  the 
deeper  epithelium  of  the  skin,  mucous  membranes  and  glands,  connective 
tissue  corpuscles,  even  the  basis  substance  of  the  latter,  smooth  and  trans- 
versely striated  muscle  fibres,  etc. 

Microscopically,  epithelial  and  gland-cells,  as  well  as  endothelium,  show 
a less  distinct  contour ; they  lose  (in  consequence  of  unknown  changes  of 
the  cement)  at  the  same  time  their  adhesion  one  to  the  other  and  to  the 
glandular  membranes;  their  nuclei  and  nucleoli  experience  the  same 
change  or  remain  normal  (or  show  segmentation),  but  for  the  most  part  are 
not  visible,  or  only  after  the  action  of  acetic  acid,  because  of  the  dense 
filling  of  the  cell-contents  with  albuminous  molecules.  Thereby  the  cells 
become  larger  and  their  forms  are  not  infrequently  so  irregular  (in  conse- 
quence of  mutual  pressure),  that  their  original  forms  are  no  longer  recog- 
nizable. In  still  higher  grades  of  degeneration  the  cells  disappear,  especially 
after  the  addition  of  water,  so  that  under  the  microscope  almost  only  free 
nuclei  are  visible.  The  basis  substance  retains  its  normal  consistence  or 
becomes  somewhat  softer ; that  of  cartilage  not  infrequently  shows  the 
same  cloudiness  as  the  cells.  Muscle-fibres  suffer  like  changes;  they  be- 
come broader,  softer;  their  transverse  striation  becomes  more  indistinct. 

To  the  naked  eye  the  organs  thus  changed  afford  no  character  entirely 
peculiar:  for  the  most  part  they  are  slightly  enlarged,  somewhat  softer,  or 
distinctly  so,  sometimes  richly  supplied  with  blood,  sometimes  poorly  sup- 
plied, sometimes  with  normal  blood-contents;  transparent  parts,  like  the 
cornea,  vitreous,  articular  cartilage,  are  clouded ; the  normal  lustre  of  the 
organs,  as  of  the  liver  and  kidneys,  appears  dulled. 

Cloudv  swelling  affects  sometimes  only  a part  of  a tissue  or  organ,  some- 
times it  affects  them  throughout  their  whole  extent. 

It  is  especially  important  in  the  large  glands,  e.<j.,  the  liver  and  kidneys, 
heart  and  other  muscles. 

The  causes  of  albuminous  swelling  are  local  (many  excitants  of  inflamma- 
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tion),  or  general  (severe  acute  diseases,  especially  those  with  very  high  tem- 
perature, as  typhoid  fever,  scarlet  fever,  primary  and  secondary  erysipelas, 
many  forms  of  puerperal  fever,  the  puerperal  infection  of  the  new-born ; 
many  cases  of  pyannia ; severe  chronic  diseases,  especially  of  the  lungs  and 
heart ; chronic  anaemia  ; poisoning  with  phosphorus,  arsenic,  mineral  acids, 
etc.).  The  special  causes  lie  for  the  most  part  in  an  increased  supply  of 
blood  and  nutritive  material,  which  is  not  consumed  in  sulhcieut  quantity; 
or  in  a supply  of  changed  blood. 

L r k BE n M K ISTBB  ( D.  Klin.,  18.19,  No.  40,  and  Arch.  f.  klin.  Med.,  I860,  L,  p.  461 
et  543)  insists  that  an  excessive  elevation  of  temperature  is  the  cause  of  the  malig- 
nant course  of  a great  number  of  acute  febrile  diseases.  M.  SCHOLTZK  and  others 
have  directly  demonstrated,  with  the  help  of  the  warming  apparatus  of  the  micro- 
scoj>e,  its  deleterious  influence  upon  cellular  forms. 

Albuminous  infiltration  runs  its  course  sometimes  in  a very  short  time, 
i.e.,  within  a few  hours,  sometimes  it  is  developed  within  a few  days,  some- 
times it  becomes  a chronic  process. 

In  a woman,  thirty  years  old,  previously  healthy,  who  had  died  six  hours  after  burn- 
ing (second  to  third  degree)  of  the  whole  surface.  1 found  the  muscle-fibres  of  both 
ventricles  of  the  heart  uniformly  and  greatly  clouded  by  molecular  albumen  in  great 
quantity,  and  fat  in  small  quantity  ; the  cortical  tubules  of  the  kidneys  were  uniformly 
dilated,  and  filled  with  molecular  albumen  in  great  quantity,  and  fat  iD  small  quantity, 
and  free  nuclei  Most  internal  organs  were  full  of  blood. 

After  albuminous  infiltration  has  lasted  a variously  long  time  (hours, 
days,  weeks),  the  parts  either  return  to  their  normal  condition,  if  they  have 
not  boon  too  greatly  changed  (healing  of  the  affection  in  epithelial  cells  of 
the  mucous  membranes,  especially  in  acute  catarrh  of  these  cells,  parenchy- 
matous inflammation  of  glands  of  all  kinds,  as  of  the  salivary  glands,  milk- 
glands,  liver,  kidneys,  lymph-glands,  of  transversely  striated  muscles,  etc.). 
Or,  they  are  metamorphosed  into  a soft  mass,  which  is  resorbable.  Or, 
if  in  the  meanwhile  life  is  not  destroyed,  there  appear  farther  changes, 
which  sometimes  are  of  a retrograde  nature:  particularly  fatty  metamor- 
phosis of  epithelial  and  gland-cells,  lacerations,  of  muscles,  softening 
of  basis  substances;  sometimes  of  a progressive  nature  : growth  of  cellular 
parts. 

The  infiltration  appearing  in  consequence  of  obstruction  of  the  ductus  choledochus, 
etc..  :ir  well  as  acute  yellow  atrophy  of  the  liver,  likewise  belongs  to  this  discussion : 
in  the  lower  grades  of  the  latter,  which  are  not  infrequently  present  in  typhoid  fever, 
pyaunia,  puerperal  fever,  etc.  (Burn.),  the  essential  disease  consists  in  an  albuminous 
infiltration,  and  in  the  presence  of  large  quantities  of  bile  in  the  liver-cells,  without 
or  with  slight  fatty  metamorphosis;  in  the  higher  grades,  those  only  known  before 
Bful,  there  is  a destruction  of  the  cells  and  resorption  of  the  detritus.  Forster 
iJJiib.  d.  frith.  Aunt. , 2 Aufl..  II..  p.  181)  describes  as  chronic  parenchymatous  hepa- 
titis a process  analogous  to  acute  yellow  atrophy  of  the  liver,  and  finally  leading  to 
atrophy  and  granular  condition  of  the  liver  without  new-formation  of  connective 
tissue.  Many  cases  of  acute  and  chronic  Bright’s  disease  are  wholly  analogous  to 
those  described  affections  of  the  liver.  Bum.  has  recently  demonstrated  the  same 
infiltration,  etc.,  also  in  the  lungs,  where  it  forms  the  so-called  desquamative  or 
parenchymatous  pueumonia  (see  p.  280-1). 

The  influence  of  albuminous  infiltrations  upon  the  whole  organism  is 
determined  especially  by  their  degree  and  extent,  as  well  as  by  the  kind  of 
organ  attacked.  Perhaps,  also,  it  is  dependent  upon  an  overloading  of  the 
blood,  with  products  of  decomposition  of  the  affected  tissues  muscles). 
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b.  FATTY  INFILTRATION  AND  FATTY  METAMORPHOSIS. 

Reinhardt,  Trauke's  Beitr.  z.  exper.  Path .,  1840,  2 If.  ; Virch.  Arch.,  I.,  p 20  — 
Virchow.  Arch.,  1847.  I.,  p.  94;  VIII.,  p.  537;  X.,  p.  407;  XIII.,  pp.  200  et  288; 
Wiirzb.  Verb.,  III.,  p.  349.— Aran,  Arch,  gen.,  1850.— Quain,  Med, - Chir.  Transact., 
1350,  XXXIII.,  p.  121. — Hksciil,  Ztecfir.  d.  Wien.  Aerzte.,  1852.— Barlow,  On 
Fatty  Degeneration , 1853.—  Michaelis,  Prag.  Vjhrschr.,  1853,  IV.,  p.  45.— Bchl 
(see  p.  298).— Hoppe,  Virch.  Arch.,  1855,  VIII.  p.  127;  XVII.,  p.  417.— Oppkn- 
hki.mek,  Ueb.  progr.  feltige  Mmkelentn rtung,  1855. — Wundt,  Virch.  Arch.,  1850, 
X..  p.  404. — O.  Weber,  Virch.  Arch.,  1858,  XIII.,  p.  74;  XV..  p.  480. — Bottcher, 
Virch.  Arch.,  1858,  XIII.,  pp.  227  et  392. — Rokitansky,  Zfer.hr,  1 1.  Gee.  d.  Wien. 
Aerzte,  1859. — Walther,  Virch.  Arch.,  1801,  XX.,  p.  420. — Mettknheimkr,  Arch, 
f.  idee,  lleilfc. , 1. — Voit,  Z.  f.  Biol.,  i860,  V.,  p.  79. 

Fatty  infiltration,  i.e.,  the  filling  of  tissues  with  fat  which  comes  from 
without  through  the  blood,  and  fatty  metamorphosis  or  fatty  degenera- 
TION,  i.e.,  the  transformation  of  albuminous  into  fatty  substance  in  the 
interior  of  tissue  elements  and  by  their  peculiar  activity,  differ  with  respect 
to  cause,  nature,  and  consequences,  but  in  all  cases  are  not  separable. 
Finally,  fatty  infiltration  passes  in  some  tissues  imperceptibly  into  hyper- 
trophy and  new-formation  of  fatty  tissues. 

1.  Fatty  infiltration  is  characterized  by  a deposit  from  the  bloodvessels 
into  the  tissues,  especially  cells,  of  fat : either  because  fat  is  supplied  to  the 
tissues  in  too  great  quantity  (through  food-  rich  in  fat),  or  because  the  fat 
is  not  duly  consumed  by  the  tissues  (e.g.,  in  age,  in  inactivity,  e.g.,  of  the 
muscles). 

Microscopically,  fat  infiltrated  into  the  tissues  has  mostly  the  form 
of  large,  sometimes  very  great  drops,  which  easily  coalesce.  The  cell, 
in  moderate  degrees  of  fatty  infiltration,  retains  its  normal  vitality  and 
functional  activity.  In  the  higher  degrees,  the  cell  contains  only  fat,  mostly 
iu  form  of  a single  large  drop,  with  the  nucleus  pressed  against  the  cell- 
membrane  : therewith  its  functional  activity  is  naturally  destroyed.  The 
connective  tissue  corpuscles  are  changed  in  this  manner  immediately  or  after 
preceding  division  into  fat-cells,  which  then  may  permanently  remain.  Gland- 
cells,  e.g.,  those  of  the  liver,  in  the  highest  grades  of  this  infiltration,  are 
like  fat-cells,  but  may  probably  return  to  the  normal  state.  Whether 
gland-cells  are  finally  destroyed  in  consequence  of  fatty  infiltration  alone, 
has  not  yet  been  proven.  Clinical  experience,  e.g.,  with  fatty  liver,  shows 
that  this  is  not  commonly  the  case. 

Macroscopically,  the  lower  grades  of  fatty  infiltration  are  not  to  be  recog- 
nized. In  the  higher  grades,  the  affected  tissues  and  organs  assume  a light 
yellow  color,  are  more  or  less  enlarged,  deprived  of  blood,  and  softer.  In 
partial  fatty  infiltration  of  organs  various  forms  appear,  especially  dependent 
upon  the  presence  of  amemia  and  hyperaunia  in  the  surrounding  tissues. 

Physiologically,  fatty  infiltration  is  found  in  its  lower  grades  in  the  in- 
terstitial epithelium  during  digestion,  in  liver-cells,  subcutaneous,  subserous, 
subsynovial,  etc.,  connective  tissue,  in  the  cartilage-cells  of  man,  in  the 
kidneys,  etc.,  of  some  animals;  it  is  either  transient,  lasting  only  a few 
hours,  as  in  the  intestine  and  liver,  or  permanent,  as  in  the  localities  last- 
mentioned. 

Whether  all  the  fat  infiltrated  into  the  liver-cells  is  supplied  by  the  portal  vein,  as 
appears  to  be  proven  with  respect  to  the  physiologically  fatty  liver  of  mammals 
(G  luge,  Kolltker),  is  doubtful,  since  TscHJSRINOFF  has  demonstrated  that  the  use 
of  sugar  as  food  increased  the  fatty  contents  of  the  liver  still  more  than  the  more 
abundant  use  of  fat. 
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As  a diseased  condition,  fatty  infiltration  (of  the  epithelium  of  the  small 
intestine)  occurs  in  liver-cells, epithelium  of  the  gall-bladder;  partly  also  in 
renal  epithelium,  connective-tissue  corpuscles,  etc. ; partly  from  unknown 
causes,  partly  in  consequence  of  abnormal  accumulation  of  fat  in  the  blood. 
Of  especial  practical  interest  is  fatty  liver  in  its  higher  grades.  It  is  found 
in  alcohol-drinkers,  in  general  fatty  degeneration,  sometimes  in  chronic 
pulmonary  tuberculosis,  in  acute  phosphorus  poisoning,  and  in  acute  trichi- 
nosis. In  paralysis,  fatty  infiltration  is  met  with  in  the  muscles. 


Various  theories  exist  respecting  the  causes  of  fatty  liver.  It  is  either  dependent 
upon  a too  great  quantity  of  fat  in  the  blood,  as  in  habitual  eating  and  drinking.  Or, 
it  has  its  foundation  in  an  imperfect  oxidation  of  the  fat  taken  as  food,  as  in  many 
pulmonary  tuberculoses.  According  to  many,  there  exists  in  such  cases  a direct 
metastasis  of  fat:  the  fat  is  resorbed,  e.g.,  in  pa  rut  ini  l un  adipom*,  in  one  part  and 
deposited  into  another,  the  liver  t Kisdkleiscii.  Left  rb. , 1871,  p.  50).  According  to 
O.  Nap. Mann  ( Arrh.  f.  Anal.  Phy*. , u.  *.  ir  , 1871,  p.  41),  the  common  cases  of 
pathologically  fatty  liver  are  not  to  be  considered  as  simple  deposits  of  fat  from  out 
of  the  blood,  but  the  fat  is  produced  by  a j>ecnliar  activity  of  the  liver,  or  retains  at 
least  those  peculiarities  by  which  it  is  distinguished  from  other  fats,  t.g.,  easier 
oxidizability.  Pathological  fatty  infiltrations  of  the  liver  have  the  same  signification 
for  the  diseased  organism  as  the  physiological  infiltration  for  the  healthy  organism  : 
they  assist  nature,  being  easily  assimilable  in  the  diseased  laxly,  by  supplying  neces- 
sary fat  for  its  continued  preservation. 

2.  FATTY  METAMORPHOSIS. 

Fatty  metamorphosis  consists  in  a transformation  of  protein  sub- 
stances into  fat-drops,  which  as  to  size  are  very  small  or  molecular,  and 
which  for  the  most  part  do  not  coalesce,  because  they  still  have  an  albu- 
minous envelope.  In  the  higher  grades  this  increases  to  such  an  extent, 
that  finally  the  tissue  or  portion  of  tissue  loses  its  structure  ; thereupon  they 
lose  this  cohesion,  and  for  the  most  part  become  resorbed.  The  function 
of  tissues  which  have  suffered  fatty  degeneration  is,  with  the  degree  of 
degeneration,  diminished  or  altogether  huh| tended. 

Fat  has  its  origin  probably  in  processes  in  which  the  nitrogen  of  albu- 
minous bodies  disappears  in  the  form  of  soluble  compounds  (urea,  etc. ),  and 
fat  remains  as  a second  (insoluble)  product  of  decomposition  of  albuminous 
substance.  . 

The  proofs  of  the  formation  of  fat  from  albiminofb  bodies  are 
partly  physiological,  partly  chemical,  partly  pathological.  With  reference 
to  the  latter,  acute  phosphorus  poisoning  is  of  esjajcial  weight.  As  the 
above  assumption  was  probably  made  from  earlier  microscopical  investiga- 
tions, it  has  now  also  been  sustained  chemically  by  accurate  experiments 
by  feeding. 


The  PHYSIOLOGICAL  proofs  are  : 

1 Fattening  during  feeding  with  sugar  and  flesh  free  from  fat  (Pkttfnkokkr, 
Voit,  and  others); — the  dog  excreted  during  feeding  with  pure  flesh  all  of  its  nitro- 
gen ns  urea,  but  retains  a portion  of  the  carlam.  and,  as  it  follows  from  researches 
on  respiration,  as  fat  (Pettknkofeu  and  VoiT). 

.*•  1 he  formation  of  wax  (chemically  very  similar  to  fat)  by  bees  daring  fowling 
with  albumen  and  sugar  i Fischer). 

3.  During  feeding  with  flesh,  without  fat.  the  milk  (of  the  dog)  is  relatively  and 
absolutely  most  abundant  in  fat.  It  increases  in  quantity  as  its  fatty  contents 
(.  i noriN,  Kemmeuich)  ; — the  food  of  cows  contains  not  bo  much  fat  as  the  milk, 
but.  the  decomposed  albumen  provides  for  the  production  of  the  fat  of  the  milk 
(Voit.  K(  hn.  Fleischer). 

4.  During  the  development  of  the  ova  of  the  Limnaut  stag  noli*  the  fat  increases 
three  to  four  fold  (BUKDACII). 
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5.  During’  feeding  of  muse i da  vomitoria  with  pure  calf's  blood,  the  animals  acquired 
seven  to  eleven  times  greater  quantity  of  fat  than  the  blood  contained  (F.  Hoff- 
mann). 

Further  proofs  are  furnished  by  Fermentation : 

d.  During  the  formation  of  adipocire  in  parts  of  muscles  (without  diminution  of 
volume),  fixed  fatty  acids  (Qua IN,  Virchow)  are  found  after  certain  chemical  inves- 
tigation s ( WETIIERI LL). 

i.  During  the  transition  of  casein  into  cheese,  albumen  decreases,  fat  increases 
(researches  on  cheese  by  Blonukaij  ; contradicted  but  not  disproved  by  Brassier). 

H.  During  standing  of  milk  its  fatty  constituents  increase  (Hoppe,  Subotin,  and 
others). 

Direct  chemical  proofs  are : 

9.  The  formation  of  the  lower  members  of  series  of  fatty  acids  by  oxidation  and 
putrefaction  of  albuminous  bodies,  as  well  as  during  their  decomposition  by  liquefy- 
ing alkalies. 

10.  The  formation  of  leucin  (belonging  to  the  fatty  acids)  during  putrefaction  and 
digestion  of  albuminous  bodies. 

A PATHOLOGICAL  proof  is  : 

11.  The  fatty  transformation  of  tissues  in  various  diseases,  e.g. , acute  phosphorus 
poisoning,  during  increase  of  excretion  of  urea  (Panum). 

Jus.  Hauer  {Ztschr.  f liit A. , 1871,  VII.,  p.  00)  starved  a dog  twelve  days  (the 
excretion  of  nitrogen,  decomposition  of  albumen,  had  reached  a constant,  permanent 
minimum,  eight  grin,  daily),  and  then  poisoned  it  with  small  doses  of  phosphorus. 
The  excretion  of  nitrogen  then  until  death  increased  with  tolerably  uniformity  almost 
threefold  (20.9  grm.  daily),  and  the  increased  excretion  of  nitrogen  corresponded 
quite  nearly  with  the  increasing  severity  of  the  phenomena  of  poisoning.  0.  Storch 
(Deutxrhcx  Arch.,  II..  p.  2t>4i  had  already  mode  similar  investigations  with  similar 
results,  but  the  nitrogenous  (urea)  portions  of  the  urine  were  determined  by  Liebig’s 
methods,  which,  as  was  discovered  later,  did  not  in  this  ease  appear  to  be  adequate. 
Bauer  estimated  the  nitrogen  directly  by  heating  with  carbonate  of  soda,  besides 
also  the  urea  according  to  Liebig,  and  obtained  by  both  methods  results  which 
agreed  very  nearly  with  those  obtained  before.  Hence  it  certainly  follows:  that  in 
acute  phosphoius  poisoning  the  consumption  of  albumen  is  essentially  increased  ; and 
since  a dog.  after  twelve  days’  starvation,  has  already  consumed  the  circulation- 
albumen  and  lives  on  the  organ-albumen,  this  increased  metamorphosis  of  albumen 
must  affect  the  albumen  of  the  tissues.  8ir.ee,  besides,  after  starvation  for  so  long 
time,  dogs  have  lost  almost  all  fat  perceptible  to  the  naked  eye.  the  fat  appearing  in 
the  tissues  during  phosphorus  poisoning  can  have  its  origin  only  in  the  transformed 
albumen  of  the  organism,  or  lie  a product  of  separation  of  this  albumen  deposited  into 
the  tissues.  Comparative  estimates  of  fat  in  the  muscles  and  liver  of  healthy  dogs 
and  of  dogs  poisoned  with  phosphorus,  lead  to  the  conclusion  that  these  tissues  con- 
tain three  times  as  much  fat  in  dogs  poisoned  by  phosphorus  as  in  healthy  animals. 
Some  rudimentary  researches  on  the  respiration  also  make  it  probable  that  in  phos- 
phorus poisoning  the  absorption  of  oxygen  is  to  a large  extent  (one-half)  prevented, 
so  that  accumulations  of  fat  in  the  tissues  are  not  dependent  merely  upon  increased 
formation,  but  also  upon  diminished  consumption  of  it. 

Transplantations  furnished  a negative  result.  R.  Wagner  observed  decrease 
in  weight  and  increase  of  fat  in  the  testicles  and  crystalline  lens  ; MniDELDORPF,  in 
his  researches  with  rabbits,  found  fat  only  in  the  cavities  ; likewise  Donpehs.  in  his 
researches  with  tendon,  cornea,  and  cartilage,  only  in  the  cellular  parts;  Burdach, 
in  wood  and  elder-pith.  Pieces  of  albumen  and  the  lens  inclosed  in  impervious 
membranes  (caoutchouc,  collodion)  remain  unchanged  in  weight  and  structure  ; upon 
the  pouch  there  is  formed  a fatty  exudation  (Burdach). 


Fatty  metamorphosis  affects  normal  tissues  and  new-formations  of  almost 
every  kind.  It  is  either  primary,  or  follows  albuminous  degeneration. 

Microscopically,  it  is  quite  equally  represented  in  the  various  parts  of 
tissues.  In  cells  there  are  observed,  mostly  at  first  in  the  neighborhood  of 
the  nucleus,  sometimes  even  within  the  latter,  one  or  more  fatty  molecules, 
•which  are  characterized  bv  their  great  brightness  and  dark  contour,  by  not 
bein«'  colored  bv  carmine,  by  their  black  color  with  perosmic  acid,  and  by 
their  resistance  to  most  micro-chemical  reagents  (ether  dissolves  them — 
often  only  after  previous  addition  of  acetic  acid  or  caustic  alkalies).  The 


FATTY  METAMORPHOSIS. 


303 


fat-molecules  further  increase  in  quantity,  whereby  they  are  sometimes 
most  abundant  in  the  vicinity  of  the  nucleus,  sometimes  uniformly  dis- 
tributed through  the  whole  cell-contents.  The  cell  itself  uniformly  enlarges 
to  sometimes  more  than  tw  ice  its  size,  and  acquires,  if  of  different  shape, 
a round  and  globular  form.  If  the  cells  lie  imbedded  in  a more  perma- 
nent basis  substance,  as  e.g.,  the  connective-tissue  corpuscles,  they  likewise 
grow  larger,  but  retain  in  general  their  spindle-shaped  or  stellate  form. 
Finally,  the  whole  cell  is  tilled  with  fat-drops  of  equal  size,  sometimes  dif- 
fering in  size,  and  in  close  contact  with  one  another;  their  membraue,  so- 
called,  is  still  present ; the  nucleus  is  sometimes  there,  sometimes  it  is  at 
least  invisible.  A granular  cell  is  a body  of  this  kind,  consisting  entirely 
of  fat-molecules  or  small  fat-drops,  surrounded  by  a true  membrane  or  an 
external,  non-fatty  layer  of  protoplasm.  After  this  cell  has  existed  for  a 
longer  or  shorter  time,  the  membrane  (true  or  apparent)  finally  disappears 
with  or  without  increase  of  fat-drops:  the  form  is  then  termed  granular 
mass.  After  a longer  or  shorter  existence  of  the  latter,  the  fat-drops, 
held  together  by  the  remaining  protoplasmic  substance,  are  dissolved  first 
in  the  periphery,  or  the  whole  granular  mass  divides  into  many  aggrega- 
tions of  fat-drops,  and  finally  into  single  fat-drops,  which  swim  in  a liquid 
always  alkaline.  This  mass  is  called  fatty  detritus.  Fat  molecules  are  either 

resorbed,  or  if  resorption  is  obstructed,  there  are  develojied  from  them 
crystals  of  fatty  acids (margarin,  margaric  acid,  stearic  acid),  and  cholesterin. 


Cholesterin,  which  in  great  quantity  is  easily  recognized  by  the  naked  eye  by  its 
glittering  appearance,  usually  forms  very  thin  rhombic  plates  overlying  one  another, 
the  acute  angles  of  which  amount  to  TO  HO . The  tables  are  rarely  almost  right- 
angular  (S7  HO  ),  or  the  angles  are  more  acute  (57  20).  It  is  wholly  insoluble  in 
water;  easily  sol  able  in  boiling  alcohol  and  in  ether,  chloroform,  ethereal  oils  and 
fats,  h vh  so  in  solutions  of  salts  of  the  biliary  acids  and  in  soaps.  By  a mixture  of 
sulphuric  acid  5 parts  and  water  1 part,  cholesterin  tables  are  colored  first  rusty- 
brown,  then  a beautiful  purple- red.  and  finally  they  liquefy  into  brown  drop-like 
farms.  By  the  addition  of  concentrated  sulphuric  odd  and  some  iodine  they  become 
carmine-red,  blue,  and  green.  Margaric  acid  (mixture  of  palmitic  and  stearic  acids) 
consists  of  tufts  of  very  fine  curved  needles,  more  rarely  of  sword-like  plates.  Mar- 
garin (mixture  of  palinitin  and  stearin!  forms  for  the  most  part  large,  tufted  or 
gland -shaped  masses  of  very  fine,  straight  needles.  Ktearie  as  well  as  palmitic  acids 
consist  of  elongated,  pointed,  rhombic  single  or  radiated  tables. 


Possibly,  fat-molecules  pass  in  other  ways  out  of  the  cells,  at  least  out  of 
those  which  are  contractile. 


According  to  Stricker  (Sitsgnbrr.  d.  A end..  LIU.,  p.  194)  the  colostrum 

corpuscles,  e.g. , of  milk  analogous  to  fat-cells,  at  a temperature  of  40  C.,  show  slow 
but  distinct  changes  of  form.  The  fat-globules  gradually  approach  the  surface  from 
tht'  middle  of  thf»  corpuscle,  then  they  oome  upon  the  atirface  and  are  finally  expelled. 
The  process  of  milk-secretion  may  therefore  be  so  conceived  that  the  colostrum  cor- 
puscles, as  thrown-off  enchyma-eells  of  the  gland  or  as  products  of  division  of  these 
cells,  expel  by  active  contractions  that  which  they  generate  within  their  own  body, 
without  even  affecting  their  own  life.  Schwarz  ( Ibk( ..  LIV.,  p.  6H)  saw  not  only 
the  fat-globules  expelled,  but  also  that  the  whole  protoplasmic  portion  of  the  body 
of  the  colostrum  corpuscle  is  then  resolved  to  undergo  still  farther  changes  of  form 
and  place.  According  to  Leidksdobk-Btrickkh  (Mninch.  Unter*.  X..  186(5),  the 
granular  cell  has  still  at  its  periphery  a zone  of  basis  substance,  which  is  free  from 
granule*,  on  account  of  which  its  outline  appears  defined  ; in  the  granular  fat- 
giohulc  this  zone  is  also  studded  with  granules,  hence  its  surface  is  uneven  and 
granular.  The  granular  cells  from  the  fragments  of  tissues,  taken  from  living  ani- 
mals, show  on  the  warm  stage  of  the  microscope  amoeboid  movements. 
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Fatty  metamorphosis  of  the,  nuclei  behaves  like  that  of  the  cells,  of 
fibrous  parts  (muscle-fibres — modified  cells),  and  of  the  different  seeming  or 
true  basis  substances  (capillaries,  cartilage,  cornea,  etc.).  In  the  latter 
fatty  metamorphosis  for  the  most  part  appears  only  when  their  cells  have 
become  fatty. 

Fatty  metamorphosis  begins  in  transversely  striated  muscles  usually  as  albuminous 
infiltration ; following  the  latter  is  the  appearance  of  fine  fat-drops,  mostly  in  the 
vicinity  of  the  nuclei  of  the  muscles  and  in  the  nuclei  themselves,  rarely  within  the 
fibrilke : the  fat-molecules  are  mostly  arranged  in  rows,  parallel  to  the  longitudinal 
stria:  of  the  muscles.  They  increase  in  quantity,  until  finally  all  the  contractile  sub- 
stance has  disappeared,  and  the  muscle-fibres  consist  wholly  of  long  rows  of  fine 
or  somewhat  larger  fat-drops,  which  lead  at  last  to  the  entire  wasting  of  the  muscle. 
In  many  cases  the  process  deviates  from  that  described  (M ETT knhe im er  and  others). 

Kryi.ow  ( Virch.  Arch.,  XLIV.,  p.  477)  determined  quantitatively  the  fat  of  the 
muscular  structure  of  the  heart  in  a number  of  diseases : the  per  cent,  in  fresh 
muscles  fluctuated  between  1.7  and  4.2. 

Fatty  metamorphosis  can  easily  be  recognized  with  the  naked  eye,  except 
in  its  lowest  grades,  and  where  but  little  extended.  The  affected  tissues 
and  organs  have  a yellowish-gray  or  yellowish  coloration  of  the  surface 
externally  and  in  section,  which  is  rarely  uniform  throughout  the  whole 
organ,  but  oftener  appears  as  spots,  streaks,  etc.  The  organ  is  enlarged  to 
various  extents,  and  is  more  or  less  amvmic,  according  to  the  extent  of  the 
fatty  metamorphosis;  its  consistency  is  diminished.  The  latter  is  especially 
the  case,  when,  besides  the  cells,  the  basis  substance  also  lias  degenerated 
into  fat  (cartilage,  bone) ; or  when,  besides  the  tissues  thus  degenerated, 
there  are  present  fluid  or  soft  substances,  e.g. , softened  basis  substances,  as 
in  the  intima  of  the  great  arteries  (atheromatous  focus).  Fluids,  in  which 
a great  quantity  of  cells  degenerated  into  fat  are  found,  have  an  appearance 
similar  to  that  of  colostrum,  milk,  or  butter. 

In  rare  caseB,  parts  far  advanced  in  fatty  degeneration  do  not  appear  yellow,  but 
have  some  other  color : thus  the  jejunum  in  fatty  metamorphosis  of  its  muscle-fibres 
has  a reddish,  the  villi  of  the  small  intestines  in  fatty  infiltration  assume  a blackish 
color.  (The  Author,  Arch.  d.  lldlk .,  IL,  p.  455.) 

The  duration  of  fatty  metamorphosis  is  sometimes  short,  so  that  within  a 
few  hours,  or  within  a day  or  few  days,  the  highest  grades  of  it  appear  (as 
in  acute  phosphorus  poisoning,  in  acute  inflammations) ; sometimes  it  is 
longer,  lasting  weeks,  months,  and  years  (as  in  fibrinous  exudation,  in  many 
diseases  of  the  glands,  etc.). 

LridesDOKF  and  Strickbr  (1.  c.),  within  ONF.  day  after  wounding  the  brains  of 
chickens,  saw  granular  cells  in  the  vicinity  of  the  wounded  cortical  substance.  After 
several  days  the  tissue  to  about  2 mm.  in  depth  was  composed  only  of  granular  cells 
and  fibres.  An  equally  quick  fatty  metamorphosis  is  to  be  found  in  the  epithelium  of 
the  mouth,  etc.,  and  of  the  skin,  e.g.,  in  variolous  inflammations  of  these  parts. 

The  causes  of  fatty  metamorphosis  are  all  disturbances  of  the  circula- 
tion and  of  nutrition.  These  are  either  primary,  or  they  occur  as  results 
of:  marasmus;  of  age;  inactivity  of  parts  affected  (especially  muscles) ; 
arrested  nervous  influence ; pressure  by  extravasations,  exudations,  new- 
formations.  Jn  all  these  cases,  anaemia  is  the  essential  disturbance.  Some 
poisons,  especially  those  which  dissolve  and  destroy  the  blood-corpuscles 
(alcohol,  ether,  chloroform ; phosphorus,  arsenic  and  antimony  ; carbonic 
oxide;  sulphuric,  phosphoric,  and  arsenic  acids;  strychnine;  biliary  acids), 
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— some  conlagia,  as  tlmt  of  small-pox,  scarlet  fever,  puerperal  fever — the 
gangrenous  ichors  of  hospital  gangrene  are  followed  by  a greater  or  less 
degree  of  fatty  metamorphosis.  These  poisons,  etc.,  probably  act  by  ren- 
dering the  blood  unfit  for  the  nourishment  of  the  affected  tissues  (in  part  in 
consequence  of  a destruction  of  the  red  blood-corpuscles). 

In  hypertrophic  organs  and  new-formatious  of  every  kind,  especially  those  formed 
largely'  of  cells,  fatty  metamorphosis  is  comparatively  frequent,  probably  because 
there  is  not  at  the  same  time  a proportionate  new-formation  of  capillaries,  or  because 
the  new-formed  tissues,  from  whatever  cause,  have  need  of  more  nutritive  material. 

PoNFfCK  (Bert.  kl.  Wchschr .,  1873,  No.  1 <t.  2)  draws  a distinction  between  a 
fatty  heart  where  the  muscular  portion  has  been  previously  hypertrophic  or  (very 
rarely)  atrophic,  and  one  where  this  portion  is  normal.  In  the  former  oiriy  jxirtions 
of  the  heart  are  affected,  in  the  latter  the  whole  heart ; localized,  and  generalized 
fatty  degeneration.  The  former  is  found  in  diseases  of  the  heart,  diseases  of  the 
aorta,  nephritis,  etc.,  in  pulmonary  diseases ; the  latter  (true  fatty  metamorphosis) 
in  acute,  for  the  most  part  infectious  diseases,  from  certain  toxic  substances  (phos- 
phorus, arsenic,  etc.).  In  this  consideration  belongs  also  the  always  chronic,  pure 
or  idiopathic  fatty  heart.  It  is  either  plethoric.  Ro-ealled  (senile),  dej>endent  upon 
local  insufficiency  of  the  bloodvessels  to  remove  the  normal  quantity  of  blood  ; or 
anaemic,  part  phenomenon  of  a general  deficiency  of  blood  in  normal  vessels. 

Okdmansson  ( .Yvnl.  tneii.  A irk. , I.,  4.  p.  7:1)  frequently  found  in  the  umbilical 
vessels  of  syphilitic  infants  at  birth,  chiefly  in  the  external  portion  of  the  intima, 
advanced  atheromatous  process,  and  in  consequence  of  it,  thrombosis  of  the  princi- 
pal and  secondary  vessels.  The  syphilis  in  such  cases  was  transmitted  through  the 
father. 

The  immediate  cause  of  fatty  metamorphosis  is  still  unknown.  It  may  be  depend- 
ent upon  the  effect  of  a too  small  supply  of  oxygen,  through  arrested  or  destroyed 
nutrition,  whereby  the  fat,  which  in  the  same  quantity  as  normally  proceeds  from 
the  decomposition  of  albumen,  does  not  receive  enough  oxygen  for  its  complete 
oxidation.  Or  there  may  be  a greater  than  norma]  decomposition  of  albumen,  so  that 
more  fat  is  generated  than  can  be  oxidized  (VoiT). 

Besides  through  the  causes  mentioned,  cases  of  general  fatty  degenera- 
tion of  almost  all  organs  and  tissues  have  been  seen  without  the  discovery 
of  an  axiological  factor. 

A number  of  these  cases  belong  probably  to  acute  phosphorus  poisoning.  After 
Haufk  ( h ii rtt.  C'orr.-BL , 1801,  No.  34)  had  first  pointed  out  the  frequent  coinci- 
dence of  fatty  liver  with  acute  phosphorus  poisoning,  the  same  coincidence  was 
experimentally  demonstrated  by  Euki.k,  Kdm.Kii.  Kknz  (Tub.  Di**.,  1801),  by 
Lkwin  ( I 'irch.  Arch.,  XXI..  p.  606),  by  Mink  and  Lkydkn  (I He  nr.  Ph<uq  horrer- 
ffifiunff,  1st  Id).  The  Author  (Arch.  <i.  llHUc.,  1 802,  III.,  p.  839)  found  a fatty  meta- 
morphosis of  nearly  all  the  organs  of  the  laxly.  This  condition  was  confirmed 
by  Fritz.  Ra.nvikk  and  VkkliaC  (AreJt.  gen.  Jut.,  1802),  also  by  MannHopk  ( Wien, 
tneil.  \\  “chen-rhr.,  1803,  No.  28).  VVkonkr  (1  'irch.  ArcJi .,  18.2,  LV.,  p.  11)  also 
found  fatty  degeneration  in  the  peripheric  parts  of  the  arterial  system  as  far  as  the 
arterioles,  least  marked  in  the  brain,  cartilage,  medulla  of  bones  and  liver. 

hits  1HIN  t Inch.  Arch.,  1H72,  LV..  p.  409)  investigated  experimentally  the  changes 
of  the  gastric  mucous  membraue,  by  introducing  phosphorus  (and  alcohol)  into  the 
stomach. 

Other  cases  of  fatty  metamorphosis  of  almost  all  organs  occur  in  child-bed 
(IIkckkr,  Mon.-Schr.  f.  Geburtek .,  XXIX.,  p.  321). 

belli,  lias  described  a peculiar  fatty  degeneration  of  the  new-born  (Heckeb  u. 
lit  in.,  h an.  d.  Gcburtxk. , 1801,  p.  290).  Ft  R8TENBKRG  saw  similar  processes  in 
lambs  ( 1 ’irch.  Arch.,  XXIX..  p.  152),  Boloff  in  swine  (lb.,  XXXIII.,  p.  553), 
m ill,  m colts  (Hkcker  and  Bcul,  L c.),  Vorr  in  geese  (1.  c.). 

A fatty  metamorphosis  entirely  like  that  which  occurs  pathologically 
occurs  in  the  normal  condition  of  the  organism. 

1 hus  it  is  with  the  fatty  metamorphosis  of  gland  cells  in  behalf  of  the 
formation  of  their  secretions,  e.</.,  colostrum  and  milk,  as  well  as  of  the 
20 
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sebaceous  matter  ; fatty  metamorphosis  of  many  organs  as  a link  in  their 
development,  as  of  the  milk-glands,  sebaceous  and  sweat-glands ; fatty 
metamorphosis  ot  the  epithelium  ( membrana  granulosa)  of  the  Graafian 
follicles,  by  which  the  yellow  layer  surrounding  the  extravasation  arises; 
fatty  metamorphosis  of  organic  muscle-fibres  of  the  uterus,  which  begins  on 
the  fifth  to  eighth  day  after  delivery,  and  probably  leads  to  the  disappear- 
ance of  the  whole  muscular  apparatus.  Fatty  metamorphosis  is  also  physi- 
ologically probable  in  the  anterior  lobes  of  the  pituitary  glands,  in  the 
cortex  of  the  supra-renal  glands;  also  that  of  the  epithelium  of  the  seminal 
ducts  in  adult  manhood,  and  especially  in  old  age.  Fatty  metamorphosis 
is  always  found  in  some  epithelial  cells  of  serous  membranes. 

According  to  many,  the  decidua  reflc.ra  is  destroyed  by  fatty  metamorphosis.  In 
the  decidua  rera  there  is  not  infrequently  found  a high  grade  of  fatty  metamorphosis 
of  the  cellular  elements. 

According  to  Jastkowitz  {Arch.  f.  Psi/r./i..  IT.,  p.  389;  III.,  p.  1(12)  the  inter- 
stitial encephalitis  of  the  new-born,  described  by  VlKCnow  (see  p.  307),  does  not 
represent  a pathological  but  the  normal  condition,  and  is  to  be  regarded  as  a tran- 
sition step  from  the  foetal  formation  of  the  brain  to  that  of  the  developed  man.  The 
more  circumscribed  partial  form  of  the  transformation  is  found  prominently  in  those 
individuals,  who,  born  before  time,  are  backward  in  their  development,  and  are 
anajiuio  and  cachectic.  According  to  .T. , the  fifth  month  of  foetal  life  is  the  time  for 
the  beginning  of  this  change.  Likewise  after  birth  the  number  of  granular  cells 
again  gradually  diminish.  At  about  the  seventh  month  of  life  they  have  entirely 
disappeared.  J.  holds  that  the  appearance  of  the  granular  cells  is  of  essential 
importance  for  the  formation  of  the  medulla  of  nerves.  The  occurrence,  on  the 
other  hand,  of  fatty  degeneration  in  foci  in  the  cortex  is  an  abnormal  one. 

Pathological  fatty  metamorphosis  occurs  very  often.  It  affects  tissues  of 
almost  every  kind,  normal  as  well  as  new-formed. 

Fatty  metamorphosis  of  cells  is  frequent  and  varies  in  importance  with 
the  organ.  It  is  found  especially  in  the  epithelium  of  mucous  membranes, 
not  infrequently  during  catarrhs,  and  constantly  in  the  cutaneous  epithelium 
in  pustular  inflammations  and  ulcers.  Fatty  metamorphosis  of  gland-cells 
forms  in  and  of  itself,  or  simultaneously  with  changes  in  the  vessels  and 
stroma,  a series  of  the  most  important  glandular  diseases.  It  occurs  in 
all  glands  not  infrequently  in  various  grades;  practically,  it  is  of  the 
greatest  importance  in  the  kidneys. 

Fatty  metamorphosis  of  the  muscles  affects  both  smooth  and  transversely 
striated,  normal  and  hypertrophied  muscles,  especially  also  the  heart. 

Fatty  metamorphosis  of  smooth  muscle-fibres  is  of  especial  importance  in  arteries 
of  every  calibre,  when  it  occurs  for  the  most  part  simultaneously  with  disease  of  the 
intima. 

Fatty  metamorphosis  of  transversely  striated  muscles  affects  those  of  the  body  and 
extremities,  especially  where  their  function  is  slightly  or  wholly  arrested  through 
disease  of  the  brain,  nerves,  bones,  and  joints.  It  occurs  also  as  a peculiar,  some- 
times hereditary  process  (progressive  muscular  atrophy).  According  to  Callender 
{Lancet,  1307,  I.,  No  2),  fatty  degeneration  of  the  diaphragm  is  not  only  in  itself 
important  as  an  independent  cause  of  death,  but  also  as  a complication  of  other 
diseases.  Fatty  metamorphosis  of  the  heart  oecurs,  especially  in  the  ventricles, 
from  various  causes,  as  well  in  the  normally  large  as  in  hypertrophic  hearts,  in  an 
uniform,  or  regular  and  finely  punctated  manner,  rarely  in  the  form  of  large  irregu- 
lar patches. 

Fnttv  metamorphosis  of  connective  tissue  affects,  for  the  most  part, 
0nlv  the  corpuscles,  also  rarely  the  basis  substance.  It  occurs  in  all  varieties 
of  it,  and  in  all  organs  which  are  made  up  of  it,  most  frequently  in  the 
intima  of  arteries  ; more  rarely  in  the  corium  of  the  skin,  mucous  mem- 
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branes,  in  the  neuroglia,  etc. ; often  in  the  interior  and  in  the  periphery  of 
acute  and  chronic  foci  of  inflammation,  in  new-formatious.  Fatty  meta- 
morphosis of  the  cornea,  especially  of  its  corpuscles,  is  met  with  under  like 
circumstances,  being  as  well  a process  of  old  age : arcus  senilis  or  geron- 
toxon. 

Cartilage  shows  normally  a small  quantity  of  fat  in  its  cells.  A greater 
tilling  of  the  cells  with  fat  occurs  pathologically,  also  more  rarely  such  a 
tilling  of  the  basis  substance,  especially  in  great  age,  in  acute  and  chronic 
inflammations,  e.g.,  of  articular  cartilage,  mostly  with  coexisting  affections 
of  the  other  parts  of  the  articulation. 

Boxes  show  a fatty  metamorphosis  of  the  bone-cells,  of  the  body  as  well 
as  of  the  processes,  in  various  acute  and  chronic  inflammations  with  suppu- 
ration, in  new-formations,  as  well  as  sometimes  in  osteomalacia. 

Fatty  metamorphosis  of  nerve-tissue  affects  all  parts  of  the  nervous  sys- 
tem, and  is  primarily  and  secondarily  important  (from  pressure,  haemor- 
rhages, inflammations,  ami  in  new-formatious). 

The  granular  cells  met  with  in  various  acute  and  chronic  inflammations,  with  soft- 
ening of  the  central  parts  of  the  nervous  sjstem,  are  probably  fatty  connect  ive- 
tissue  corpuscles  of  the  neuroglia  (or  pua-corpuscles) ; perhaps,  also,  in  very  small 
part,  fatty  ganglion  cells.  Fatty  metamorphosis  of  nerve- fibres  of  the  brain  (and 
of  those  of  the  spinal  cord)  is  still  questionable.  Congenital  interstitial  encephalitis, 
or  myelitis,  shows  a constant  fatty  metamorphosis  of  the  neuroglia- cells ; often,  also, 
of  the  vessels  (ViKCimw,  Arch,,  XXXVIII..  p.  1*211;  XLIV.,  p.  472),  according  to 
Golgi  ( Yirch.  Arch.,  LI.,  p.  508  of  tint  endothelium  of  the  lymph-channels.  (See 
p.  :«)«.) — HfcvEMX  (Arch.  f.  I'tyh..,  1872,  HI.,  p.  51.1)  found  in  a case  of  cerebral 
embolism,  that  all  cellular  anti  nuclear  elements,  which  were  in  the  embolic  focus, 
became  granular  globules,  and  also  the  nuclei  of  the  neuroglia,  the  cells  of  the  capil- 
laries. the  cells  of  the  adventitia  of  the  bloodvessels,  their  muscular  nuclei,  the  cells 
of  the  external  layer  of  the  perivascular  lymph-spaces,  the  spindle-shaped  ganglion 
cells  of  the  lowermost  cortical  layer,  and  those  of  the  gray  matter  outside  of  the 
extra-ventricular  part  of  the.  corpus  callosum.  According  to  MKflCBtsOK  ( Yirch. 
Arch.,  XXXIV.,  pp  81,  et  249;  lb.,  LVI,,  p.  100),  fatty  pigmentary  degeneration 
of  the  ganglion  cells  of  the  cerebrum  is  the  most  constant  pathologico-anatomical 
change  of  the  brain  in  paralytic  insanity.  Consult  also  Mkvnkrt,  Zl*th r.  f.  Ihtych. , 
1 , p.  386.  Hoffmann,  A 'uteri.  'J'tjilxchr.  r.  Qen.,  1868.  Smii'i.k,  Alig.  ZtscJir.  f. 
I\i/ch  . 1868,  XXV.,  p.  507,  but  especially  L.  Meter,  Arch.  f.  l\yh.,  III.,  p.  1 p. 
2-12.  In  the  spinal  cord  a fatty  metamorphosis  occurs  in  part  as  in  the  brain,  in 
part  dependent  upon  various  affections  of  the  brain,  which  consist  in  a destruction 
of  brain-substance.  It  results  finally  in  simple  atrophy.  (See  p.  294.) 

lu  the  peripheric  nerve-fibres,  after  section  at  their  peripheric  extremities,  after 
destruction  of  the  central  parts  of  the  nerves,  or  separation  of  the  nerve  from  them, 
also  after  destruction  of  the  peripheric  distribution  of  the  nerves  (e.g..  in  the  n. 
opticus  and  acousticus  after  destruction  of  the  eye  and  internal  ear;,  in  inflammation, 
gangrene,  in  the  vicinity  of  tumon,  etc.,  in  the  spinal  cord,  within  the  unchanged 
sheath  (not  in  the  axis  cylinder),  there  are  first  seen  large  fat  drops  (coagulated  medul- 
la with  axis  cylinder),  these  fat-drops  always  increase  in  quantity  and  smallness, 
and  are  finally  resorbed,  so  that  the  sheath  remains  as  filameutous,  here  and  there 
nucleated  striie,  with  scanty  fat -molecules.  A fatty  metamorphosis  of  the  peripheric 
extremities  of  the  nerves  has  been  observed  only  in  the  Pacinian  oorpnscb  s and  in 
the  corpuscles  of  touch  (Mkihmxkr).  Langeriiaxs  ( Yirch.  Arch. , 1*68,  XLTV..  p. 
41-1),  on  the  other  hand,  could  never  demonstrate  a secondary  degeneration  of  the 
corpuscles  of  touch  in  anatomical  lesions  of  high  degree  in  the  brain  and  spinal  cord. 

hatty  metamorphosis  affects  all  kinds  of  vessels,  especially  arteries  and 
capillaries,  and  sometimes  all  their  tunics.  The  process  is  sometimes  pri- 
mary,  sometimes  dependent  upon  various  affections  of  parenchymata.  It 
is  one  of  the  most  important  diseases  of  the  vessels. 


In  the  CAPILLARIES  it  affect*  the  nuclei  and  the  tissues  immediately  adjacent, 


308 


FATTY  METAMORPHOSIS. 


more  rarely  other  parts  of  the  membrane.  According  to  Billroth  {Arch.  d.  HeiUe., 
Ill  , p.  47),  fatty  degeneration  of  the  cerebral  capillaries  is  not  an  envelopment  of 
them  with  fat,  and  not  a cause  but  a result  of  a disturbance  of  nutrition  of  the  cen- 
tral nerve-tissue,  in  many  cases  perhaps  a post  mortem  appearance.  In  the  arter- 
ies it  affects  the  epithelium,  the  normal  as  well  as  the  hypertrophic  intima,  the  or- 
ganic muscle-fibres  of  the  media,  more  rarely  the  cells  of  the  adventitia. 

Fatty  degeneration  of  the  placenta  occurs  in  different  ways  : that  of  the  peripheric 
cells  of  the  mature  foetal  placenta  (normal  involution) ; fatty  destruction  of  the  cells 
of  the  cellular  stroma;  fatty  degeneration  of  blood-coagula,  etc.  (Wkdl,  Sc  an '/.on  i, 
Ekcolani,  FrXNKEL,  and  others). 


Concerning  fatty  metamorphosis  of  new-formed  tissues,  see  the  considera- 
tion of  these  tissues,  especially  Tubercle  and  Cancer. 

The  consequences  of  fatty  metamorphosis  for  the  different  tissues  con- 
sist in  a diminished  or,  in  a manifold  manner  changed,  or  wholly  arrested 
function. 

Fatty  metamorphosis  of  epithelia  deprives  the  affected  membranes  of 
their  protection,  whereby  various  disturbances  arise : on  the  skin  and 
mucous  membranes  erosions  and  ulcerations.  Fatty  metamorphosis  of 
gland  cells  is  followed  by  an  arrest  of  specific  function,  and  thereby  by 
various  local  or  general  disturbances  (as,  e.g.,  in  the  kidneys  by  albumi- 
nuria). In  the  vessels,  through  fatty  metamorphosis  of  the  endothelium, 
there  occur  deposits  of  fibrin  with  diseases  of  the  deeper  lying  parts. 
Fatty  metamorphosis  of  muscular  parts  causes  loss  of  contractility  to  the 
extent  of  complete  paralysis,  which  in  the  heart  is  especially  important,  and 
is  the  cause  of  the  severest  disturbances  ot  the  circulation ; that  of  the 
mtuacidi  papillares  may  be  followed  by  insufficiency  of  the  corresponding 
valves,  that  of  other  parts  of  the  heart  by  dilatation,  formation  of  fixed 
thrombi,  etc.  Fatty  metamorphosis  of  organic  muscle-fibres  causes  dilata- 
tions of  cavities  to  the  walls  of  which  they  are  distributed  (also  cylindrical 
and  pouched  bronchiectases).  Fatty  metamorphosis  of  the  nerve-elements 
is  followed  by  loss  of  specific  functions,  etc. 

Further  injury  grows  out  of  a diminution  of  consistence:  e.g.,  com- 
pression and  wasting  of  articular  cartilage  with  consecutive  inflammation 
of  the  subjacent  bone  in  nudum  senile,  so-called,  of  the  joints;  dilatation 
of  the  heart  and  vessels  ; softening  of  the  brain ; lacerations  of  the  heart, 
vessels,  and  other  membranes,  etc. 

All  these  results  are  so  much  the  more  important,  when  they  occur  in 
organs  already  affected  by  other  changes,  as  softening  of  the  basis  sub- 
stance (atheromatous  ulcers  and  foci),  fatty  degeneration  of  the  vessels, 
thickening  of  the  gland-membranes,  etc. 

H.  Muller  ( W&rzb.  med.  Ztsehr. , 1864,  V..  p.  12)  found  in  the  arteries  of  the 
brain  and  choroid  of  a person  dead  from  Bright’s  disease,  a high  degree  of  fatty 
degeneration  of  the  endothelium,  which  had  led  to  a separation  of  the  endothelia, 
and  obstruction  of  the  lumen  of  the  vessels  to  a great  extent. 

A complete  wasting  of  tissues  and  organs  during  fatty  degeneration 
occurs  for  the  most  part  only  in  some  of  their  elements  (in  individual  epi- 
thelia,  gland-cells,  muscle-fibres,  etc.).  In  exudations  and  new- formations 
this  is  beneficial,  since  these  may  thereby  wholly  or  in  part  be  again 
removed  from  the  organism;  often  in  cellular  hypertrophies,  especially  of 
the  lymph-glands,  tonsils,  etc.,  in  fibrinous  and  purulent  exudations,  for 
the  most  part  only  partially  in  tubercle  and  cancer. 

Jolly  (Strickeu,  Studien,  etc.,  1870,  I.,  p.  38)  found  in  his  researches  on  trau- 
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matic  encephalitis,  which,  induced  mostly  in  young  hens,  passed  into  the  variou* 
stages  of  inflammation  in  from  six  hours  to  twenty -one  days,  that  the  formation  of 
fatty  granular  cells  is  no  infallible  sign  of  destruction.  Out  of  a part  of  the  granu- 
lar mass  in  the  capillaries,  within  and  beneath  the  adventitia  of  the  liner  arteries 
and  veins,  there  grow  ribbon-like  and  spindle -shaped  fibres,  which  help  to  introduce 
the  cicatrization  of  the  inflammatory  focus.  Besides,  free  granular  cells  of  like  form 
and  destiny  have  their  origin  in  the  tissues  from  the  white  corpuscles  of  the  blood, 
and  probably  from  the  cells  of  the  neuroglia,  and  ganglion-cells. 

A resorption  of  fat  molecules  from  degenerated  tissues  and  a complete 
restitution  of  the  latter  is  probable  only  in  slight  or  moderate  degrees  of 
the  degeneration,  and  possible  when  the  causative  forces  have  ceased  to 
operate. 

The  general  COXSEQUEXCE8  of  fatty  metamorphosis  depend  upon  the 
kind  and  extent  of  the  organ  attacked,  upon  the  suddenness  of  its  appear- 
ance, duration,  complications,  etc. 

In  acute  fatty  degeneration  of  the  new-boni,  children  ordinarily  well  nourished  are 
mostly  bom  asphyxiated,  evacuate,  besides  diarrhoiic  licpiids,  blood  by  the  rectum  or 
vomit  it,  become  icteric  after  3-0  days,  and  often  there  is  generally  on  the  fifth  day 
an  uncontrollable  lueraorrhage  from  the  navel.  Many  other  organs  also  exhibit  hamuir- 
rhages,  external  and  internal. 

Fatty  metamorphosis  and  fatty  infiltration  are  sometimes  not  to  be  dis- 
tinguished from  each  other,  and  one  not  infrequently  occurs  by  the  side  of 
the  other;  «.</.,  in  (he  cartilages  and  vessel-walls  in  old  age,  in  the  liver 
and  kidneys  in  many  forms  of  poisoning. 

Likewise,  there  is  a difference  between  fatty  metamorphosis  and  increase 
of  fat  tissue  by  enlargement  and  new-formation  of  fat-cells,  the  interstitial 
growth  of  fat-tissue.  The  latter  for  the  most  part  accompanies  consecutive 
atrophy  of  the  limiting  parts,  especially  of  the  transversely  striated  muscles 
in  latteniug  of  the  body,  etc.,  around  atrophic  organs,  especially  the  kid- 
neys, etc.  But  not  infrequently  both  fatty  degeneration  and  new-forma- 
tion  of  fat-tissue  occur  together  in  certain  parts  (r.7.,  in  the  muscles 
of  the  body,  during  progressive  muscular  atrophy,  in  the  bones  in  osteo- 
malacia). 


C.  PIGMENTARY  INFILTRATION,  OR  PIGMENTARY  METAMORPHOSIS. 
(Pigmentation,  chromatosis,  melanosis.) 

Burnt.  Untert.  zur  Krnntn.  d.  ktirn.  Pigment s tier  WirbHMere,  1844. — Zwk  ky, 
Dr  corp.  ltd.  origine  atom  transform.,  1844. — X.  Gcillot,  Arch,  yen.,  1845. — 
IIas-e  and  K<>llikkr,  Ztsohr.  f rut.  Med..  1840,  IV.,  p.  8;  Ztschr.  f.  wits.  Z00L, 
1 • P 200. — E<  her.  Zlschr.  f.  rat.  Med.,  1847.  VI.— Virchow.  Arch.,  1847.  I..  p. 
0,!L  Ih.  p.  'r>s?  ; IV.,  p.  515;  VI..  p.  250. — Sanderson,  Monthly  Jmtrn  .,  Kept,  and 
IV-c..  1851. — Remak,  Midler's  Areh .,  1852,  p.  115. — Forster,  Vireh  Arch.,  1857, 
All.,  p.  107. — Jakfk,  Vireh.  Arch.,  1858,  XI1T.,  p.  102. — Zenker,  J.-Bcr.  d.  Or*. 
] Antnr  it.  Ihiik  in  Dresden.  1858.  p.  53. — Valkntiner,  Oiintbvrg't  Zt*chr.  /. 
kUn.  Med.,  1850,  I.,  p.  40.— Grohr,  Vireh.  Arch.,  1801,  XX..  p.  306.— Heschl, 
ZUrhr.d.  Wien.  Aente.  VI.  ; O.str.  Ztschr.  f.  pract.  Jleilk..  1802,  No.  40,  42.  44.— 
Lanuiians,  Vireh.  Arch.,  1809,  XLIX.,  p.  00. 

Pigmentary  metamorphosis  consists  in  the  appearance  of  variously 
colored  and  variously  shaped  bodies — h.ematoidin  (lutein)  and  melanin 

—having  their  origin  in  the  metamorphosed  coloring  matter  of  the  blood 
(hte  matin). 

Il.t.MATOlHiN  is  diffuse,  or  granular,  or  crystalline. 
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Diffuse  hasmatoidin  causes  a more  or  less  uniform  yellow  or  reddish 
coloration  of  the  tissues  affected,  and  soon  passes  into  one  of  the  following 
forms  Granular  ilkmatoidin  shows,  in  proportion  to  its  age  and 
according  to  the  organ  in  which  it  arises,  all  shades  of  color,  from  a light- 
yellow  to  red  and  black.  It  is,  according  to  the  locality  where  found,  its 
development,  etc.,  finely  or  coarsely  granular,  whereby  the  granules  are 
sometimes  isolated,  sometimes  grouped  in  masses  of  various  sizes,  round, 
angular,  or  pouched.  Crystalline  hasmatoidin  consists  of  regularly 
formed,  oblique  rhombic  columns,  which  are  often  almost  pure  rhomboids. 
Their  size  varies  from  that  wherein  they  are  just  perceptible  to  that  with  a 
diameter  of  about  0.1  mm.  ; in  general  it  also  varies  slightly  in  thickness 
and  in  breadth.  The  crystals  are  strongly  refractive  and  translucent,  some- 
times even  transparent,  with  a slightly  glistening  surface.  Its  color  is 
generally  brick-red,  but  varies  with  the  thickness  of  the  crystals,  in  part 
also  with  the  organs.  Besides  this  crystalline  form,  needles  are  met  with 
in  rare  cases,  with  an  orange-yellow  or  brownish-red  color,  single,  or  in 
radiate  or  irregularly  formed  groups.  The  granules  are  free  or  inclosed  in 
cells  and  flake-like  masses,  the  crystals  mostly  free. 

Granular  as  well  as  crystalline  luematoidin  is  insoluble  in  water,  alcohol, 
ether,  acetic  acid,  dilute  mineral  acids  and  alkalies.  By  the  hydrate  of 
potash  it  usually  becomes  burning  red  ; but  it  gradually  loosens  and  breaks 
into  red  granules,  which  after  a time  dissolve.  By  concentrated  mineral 
acids,  especially  sulphuric  acid,  sometimes  also  nitric  acid,  the  sharp  con- 
tours of  the  crystals  disappear  and  there  follows  a play  of  colors  similar  to 
that  observed  in  the  reaction  of  the  coloring  matter  of  the  bile;  the  bodies 
gradually  become  brownish-red,  green,  blue,  rose-colored,  and  finally  dis- 
solve into  a dirty  yellow,  leaving  behind  a finely  granular  cloud.  This 
reaction  does  not  always  appear  with  the  order  given  and  with  equal  clear- 
ness, or  sometimes  a color  is  lost. 

According  to  Robin,  granular  luematoidin  (R.’s  hannatosine)  differs  also  chemical- 
ly from  cry  stall  izable  luematoidin. 

Besides  the  luematoidin  the  following  coloring  matters  of  the  blood  are  worthy 
of  notice:  h.kmocslobin.  or  ilematocrystallin,  or  ii.ruatooloiuiun,  the 

physiological  red  coloring  matter  of  the  blood,  which  consists  of  an  albumen  (globu- 
lin ?)  and  a coloring  matter,  hsematin ; ir.i:. matin,  which  is  important  especially  in 
combination  with  muriatic  acid,  as  ii/KMTN.  Prkyek  (Med.  Chibl.,  1871,  No.  4) 
found  still  another  kind  of  blood-crystals,  which  he  calls  u.-kmatoin.  They  are 
mostly  needle-shaped,  often  bout,  arranged  in  radiate  groups  or  singly,  for  the  most 
part  very  sharply  pointed.  Their  size  is  more  considerable  than  that  of  all  other 
blood-crystals.  They  are  insoluble  in  ether,  alcohol,  water,  slightly  soluble  in  caustic 
potash  and  dilute  acetic  acid. 

Melanin  is  a dark-brown  or  black,  granular  or  irregularly  crystalline 
substance,  probably  very  rich  in  carbon,  occurring  rarely  in  rhombic  plates, 
very  little  susceptible  to  all  reagents,  the  origin  of  which  is  probably  similar 
to  that  of  luematoidin.  It  occurs  as  the  known  physiological  coloring  mat- 
ter in  the  rete  Malpighii  of  the  white  and  colored  races  of  men,  likewise  in 
the  eye  (within  the  epithelium  as  well  as  the  connective  tissue  cells),  in 
ganglion-cells,  in  the  arachnoid  of  the  spinal  cord.  It  occurs  pathologically, 
especially  in  gangrene  and  in  many  new-formations. 

1 Iiematoidin  lias  its  origin  either  in  a retardation  and  stagnation  of  the 
circulation,  or  (and  most  often)  in  an  extravasation  of  blood.  In  both 
cases  the  coloring  matter  of  the  blood  remains  sometimes  within  the  blood- 
corpuscles,  which  then  are  immediately  and  entirely  transformed  into  pig- 
ment granules.  For  the  most  part,  however,  it  leaves  these  behind  and 
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mixes  with  the  surrounding  fluid  substances  or  infiltrates  the  bounding 
fixed  elements,  especially  cells  of  all  kinds.  It  is  further  transformed  from 
out  of  this  diffuse  state  into  granular  or  crystalline  Inematoidin.  Otherwise 
the  blood-corpuscles  remain  sometimes  within  the  vessels,  and  the  coloring 
matter  of  the  blood  oozes  through  their  walls.  Usually,  however,  the  col- 
oring matter  leaves  the  bloodvessels  with  the  blood-corpuscles  : either  in 
consequence  of  a laceration  of  the  vessels,  or,  without  this,  per  diaped&sin. 

The  coloring  matter  of  the  blood,  escaped  from  out  of  the  blood -corpuscles,  mixes 
first  with  free  fluids  or  with  those  of  the  vicinity  inclosed  in  cells.  In  the  former 
case  the  blood-serum  (oedema  in  gangrene,  serum  in  pulmonary  oedema),  exudations, 
etc.,  are  colored  more  or  less  yellow  or  brown.  Tbe  imbibition  of  the  coloring  mat- 
ter of  the  blood  is  more  distinct  in  fixed  parts.  These  may  be  with  or  without  form, 
physiological  or  pathological  ; sometimes  fibrinous  coagula,  most  frequently  cells  of 
different  kinds,  less  often  fibres  and  intercellular  substances.  That  haematoidin, 
especially  its  rhombic  form,  is  found  so  often  in  and  upon  fat-drops,  lies  in  the  great 
mutual  adhesion  of  hannatoidin  and  fat,  closely  related  to  the  coloring  matter  of 
bile.  (Lan’giianb.) 

Infiltration  of  hamiatin  into  cells  is  often  unequal,  since  usually  of  the  cell-con- 
tents  alone,  the  nucleus  rarely  alone,  shows  the  coloration.  (The  same  freedom  of 
the  nucleus  is  found  also  in  physiological  pigmentation  of  the  external  skin,  choroid 
and  arachnoid.)  The  contents  of  the  cell  and  of  the  nucleus  are  very  rarely  colored 
at  the  same  time  aud  uniformly.  The  cell-membrane  always  remains  un colored  ; it 
shows,  by  diffusion  of  the  cell-contents,  no  tract*  of  coloration. 

After  hicniatin  has  remained  (days  and  weeks)  in  the  diffuse  state,  it  gradually 
condenses  into  small,  more  distinctly  colored  granules  and  masses.  Their  size  varies 
from  that  which  is  first  visible,  molecules  no  longer  recognizable  by  their  form,  to 
that  of  a red  blood -corpuscle  and  more.  Their  form  is  rarely  round,  oftener  some- 
what angular  and  elongated.  Their  contours  are  always  very  sharp  and  dark  ; their 
surface  is  light,  bright,  and  often  shining.  The  color  is  sometimes  yellowish  or  red- 
dish in  various  shades,  sometimes  brownish-red,  blackish  brown  or  black.  The  color 
of  the  pigment  granules  is  generally  quite  constant  for  individual  organs.  During 
this  transformation  of  diffuse  into  granular  pigment,  often  no  change  is  demonstrable 
in  tbe  elementary  parts  themselves,  which  contain  pigment;  the  cells,  e.g .,  either  re- 
main, and  for  the  most  part  are,  probably,  capable  of  function,  or  they  may  also  suffer 
fatty  degeneration. 

\\  hilst  the  coloring  matter  of  the  blood,  escaping  from  out  of  the  blood-corpuscles, 
enters  upon  these  changes,  the  blood- corpuscles  themselves  have  become  very  pole  and 
smaller.  In  their  border,  not  infrequently  also  in  the  middle  of  them,  there  are  af- 
terward seen  1— t and  more  very  small,  sharply-defined  granules,  with  u dark  con- 
tour, light  in  the  centre  and  colorless,  and  like  fat,  which  granules  are  sometimes 
single,  sometimes  form  a row,  sometimes  assume  a crescentic  shape  These  grad- 
ually diminish  in  number,  until  only  1-2  of  them  are  seen,  hounded  by  a hardly 
perceptible  membrane.  The  membrane  finally  disappears  entirely,  and  only  the 
granules  remain,  which  finally  also  disappear.  The  granules,  as  well  as  the  inclosing 
membrane,  suffer  no  change  in  water,  dilute  acetic  acid,  and  dilute  alkalies.  Con- 
centrated acetic  and  mineral  acids  and  alkalies  dissolve  them  completely. 

hrom  I’RKYKK  S observations  ( VtrcA.  Arch .,  XXX.,  p.  417)  on  the  penetration  of 
foreign  bodies  into  contractile  cells,  a formation  of  pigment  cells  by  the  taking  up  of 
permanent  pigment  may  be  assumed. 

If  the  coloring  matter  of  the  blood  remains  within  the  blood-corpuscles,  the  latter 
become  smaller,  denser,  darker,  and  gradually  more  resistent  to  reagents.  Thereby 
they  either  remain  isolates],  which  seldom  hapjiens,  or  many  (5-15)  unite  into  irregu- 
lar or  rounded  masses.  These  masses  blend  together  more  and  more,  and  are  finally 
resolved  into  triplets,  or  mulberry-like  forms,  or  only  into  a single,  dense  granule  of 
pigment  broken  into  fragments  by  pressure,  or  finally  into  the  crystals  above  men- 
tioned. All  these  forms  either  occur  free,  or  they  are  surrounded  by  a colorless, 
light , rounded  or  elongated*,  or,  analogous  to  pigment  masses,  lobed  boundary  similar 
to  a cell-membrane,  which,  however,  possesses  none  of  the  peculiarities  of  a membrane 
permeable  and  separable  from  the  cell -contents.  Many  of  these  bodies  are  not  at  all 
or  hardly  to  he  distinguished  from  cells  containing  blood-corpuscles.  (See  p.  217.) 

riio  above  assumption,  that  the  coloring  mntter  of  tko  blood  leaves  the 
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blood-corpuscles  and  is  transformed  first  into  diffuse,  then  into  granular  and 
crystalline  hiumatoidin,  is  opposed  by  the  more  recent  facts  obtained  bv 
experiment.  According  to  this  there  first  arise  cells  containing  blood-corpus- 
cles, since  the  contractile  cells  of  the  vicinity  of  the  extravasation  take  up 
into  themselves  red  blood-corpuscles.  The  latter  are  changed  chemically  and 
morphologically,  and  become  at  first  a coarsely  granular,  or  crystalline  pig- 
ment, which  farther  on  always  becomes  finely  granular  and  finally  diffuse.  A 
part  of  the  pigment-cells  become  spindle-shaped,  others  are  dissolved,  the 
pigment  becomes  free,  and  finally  disappears. 

Lanwi  yns  made  the  experiments  referred  to.  He  introduced  the  blood,  obtained 
from  a vein  or  by  killing  the  animal  (rabbit  and  guinea-pigs),  in  a coagulated  state, 
as  quickly  as  possible  under  the  skin  of  the  same  or  of  another  animal,  then  closed 
the  small  wound  by  suture,  and  after  a certain  time  killed  the  animal.  In  the  above 
mammals  the  coagulum  at  first,  by  loss  of  serum  (which  always  remains  color- 
less), becomes  smaller  and  firmer : its  fibrin  gradually  disappears  by  simple  solution 
(in  greater  part  already  in  twenty-four  hours),  and  the  red  globules  (the  three 
different  kinds)  inclosed  by  the  latter  remain  in  the  connective-tissue  membranes, 
which  are  found  in  the  vicinity  of  the  coagulum.  The  colorless  cells  in  the  greatest 
part  of  the  coagulum  shrink,  and  often  the  previous  formation  of  vacuoles  is 
destroyed ; only  those  in  the  most  superficial  layers  suffer  perhaps  a similar  fate  as 
the  cells  in  the  neighborhood.  In  the  latter  there  results  an  accumulation  of  con- 
tractile cells,  which,  from  the  fourth  to  the  sixth  day,  take  up  into  themselves  the 
red  corpuscles  (1-10  and  more)  by  coming  in  contact  with  them.  The  inclosed  red- 
corpuscles  are,  for  a small  portion,  disk-like  and  bright,  for  the  greater  part  spherical 
and  darker ; they  are  as  large  as  normal,  or  much  smaller.  The  blood-corpuscles  are 
now  transformed  into  pigment.  The  chemical  changes  consist  in  this,  that  they  at 
first  becoino  darker  and  most  resistant  to  reagents,  but  sometimes  yellowish  to  a yel- 
lowish red ; still  later  the  color  is  a reddish  yellow,  red,  or  brownish  red ; they  be- 
come more  brilliant  and  have  a darker  contour.  The  morphological  changes  consist 
in  a simultaneous  destruction  of  the  disks  and  globules  ; these  appear  at  first  irregu- 
larly bounded,  comparatively  large,  angular  corpuscles,  and  very  fine,  angular,  in- 
tensely colored,  and  very  shining  granules.  Toward  the  end  of  the  third  week,  and 
still  later,  there  are  found  in  the  connective  tissues  spindle-cells  with  pigment  with 
the  same  properties  as  that  found  in  the  contractile  cells  : the  former,  according  to 
L. , proceed  from  the  latter.  Lastly,  finely  granular  pigment  is  observed  always  to 
increase  until  finally  the  granules  become  so  fine  that  they  present  the  appearance  of 
a diffuse  pigment  infiltration.  The  cell-substance  is  then,  always  with  a free  nucle- 
us, uniformly  colored,  and  the  color  is  brighter  and  deeper  yellow.  Infiltration  of 
cells  with  yellow  diffuse  pigment  is  thus  the  last  stage  in  the  history  of  pigment,  not 
the  first,  as  has  been  assumed  until  now.  L.  found  it  always  only  in  the  second  and 
third  week.  The  pigmented  contractile  cells,  not  transformed  into  spindle-cells,  are 
finally  destroyed  by  fatty  metamorphosis,  and  the  pigment  contained  in  them  becomes 
free.  (Many  anomalous  conditions  occur  in  doves.) 

Observations  made  by  Eckkk  (Z.  f.  rnt.  Med.,  1847,  VI.,  p.  87),  Heni.k  (lb. , p. 
100),  Ki'UiiKEB  ( Z.  f.  wm.  Zod .,  1849,  I.,  p.  280),  the  author  (Arch.  d.  llcUk.,  1800, 
X,  p.  <3-57),  show  that  cells  containing  blood-corpuscles  occur  under  the  same  or  sim- 
ilar conditions  also  in  man.  This  is  oftenest  seen  during  pulmonary  congosiious  from 
insufficiency  of  the  mitral  value  : the  small  quantity  of  air,  the  peculiar  yellow  or 
browish-red  color,  the  increased  consistence,  weight,  etc.,  of  such  lungs  is  dependent 
upon  the  accumulations  of  epithelium  containing  blood-corpuscles  in  all  stages  in  the 
alveoli  of  the  lungs.  In  a case  of  insufficiency  of  the  aortic  values,  with  paroxyms, 
from  time  to  time,  of  dyspnoea,  I found  many  times  in  the  course  of  two  years  that 
the  sputa  expectorated  contained  epithelium  like  this. 

On  the  other  hand,  that  the  coloring  matter  of  the  blood  escapes  out  of  the  blood- 
corpuscles,  at  least  in  extravasations,  which  quickly  thicken  through  loss  of  serum, 
is  not  yet  proven.  LanghaNS,  in  his  experiments,  never  saw  the  serum  and  sur- 
rounding connective  tissues  diffusely  colored.  The  contractile  cells,  makers  of  the 
granular  pigment,  take  up  the  coloring  matter  of  the  blood  diffused  in  the  serum  only 
after  death.  In  the  experiments  where  L.  destroyed  the  blood-corpuscles  by  re- 
pented freezing  and  thawing,  and  thereafter  introduced  them  under  the  skin,  the 
diffused  coloring  matter  of  the  blood  was  simply  resorbed  and  was  transformed 
neither  within  nor  outside  of  the  cells  into  granular  pigment. 
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Tho  time  within  which  the  various  metamorphoses  into  hiematoidin 
occur  probably  differs  very  greatly.  The  shortest  time  within  which  crys- 
tals form  amounts  to  only  a few  days,  for  the  most  part  from  one  to  two 
weeks. 

I saw  in  the  case  of  a man  23  years  old  who  had  been  crushed  between  two  railroad 
coaches,  and  had  died  on  the  12th  day  with  symptoms  of  subacute  peritonitis,  the 
whole  parietal  and  visceral  peritoneum  enclosed  by  a layer  2 mm.  thick  of  old  blood 
cougula  which  had  come  from  two  ruptures  of  the  liver.  In  all  the  layers  of  the 
coagula  there  were  found  numerous  reddish-brown  pigment-needles  and  small  rhom- 
bic crystals. 

The  length  of  time  hrematoidin  remains  in  the  body  varies.  That  it 
finally  disappears  in  most  cases  is  certain.  Nothing,  however,  is  known 
concerning  the  more  immediate  processes. 

Experience  with  haemorrhages  of  the  skin  from  contusions  shows  that  liamiatoidin 
disappears  quite  quickly,  whilst  the  pigment  in  the  cicatrices  of  chronic  ulcers  of 
the  thigh  not  infrequently  remains  ten  years  almost  unchanged. 

liamiatoidin  was  for  a long  time  considered  identical  with  bilirubin,  and 
because  bilirubin  (from  bile)  like  hiematoidin  (from  extravasations  of 
blood)  separated  from  its  solutions  in  chloroform  always  in  crystal  of  the 
same  form  and  color.  But  it  was  afterward  demonstrated  that  hiematoi- 
din (the  coloring  matter  of  the  yolk  of  the  egg  and  corpora  lutea)  is 
throughout  different  from  bilirubin  of  the  bile.  The  orange-red  coloring 
matter  of  blood-extravasations  consists  not  merely  of  “ liamiatoidin,”  but 
also  of  bilirubin,  so  that  it  does  not  appear  improper  to  call  the  pigment 
identical  with  the  coloring  matter  of  the  corpora  lutea  not  hiematoidin, 
but  lutein. 

Holm  and  Stakdf.i.eti  (Jovrn.  f.  prnrt.  Chtmie,  1887,  C.,  p.  142)  demonstrated 
that  hivmatuidin  and  bilirubin  are  entirely  distinct.  Well-formed  crystals  of  htema- 
toidin  by  redacted  light  appear  beautifully  green  (like  cantharides),  those  of  biliru- 
bin, orange-red  Honitiid  n dissolves  in  bind, ihilo  of  carbon  with  n flame-red 
or,  in  dilute  solutions,  with  an  orange-red  color,  bilirubin  with  a golden  yellow. 
The  latter  enters  into  combinations  in  fixed  projiortions  with  ulkalies,  and  is  soluble 
in  alkalies,  the  former  not ; therefore  from  a solution  of  the  latter  in  chloroform  it 
may  be  separated  by  agitation  with  canstic  alkalies,  which  is  not  true  of  the  former. 
Bilirubin  furnishes  with  nitric,  containing  nitrous  acid  in  alcoholic  solution,  a beau- 
tiful play  of  colors;  green,  blue,  violet,  red,  yellow  (reaction  of  biliary  matters) ; 
hwmatoidin,  on  the  other  hand,  by  nitrous  acid  is  colored  light-blue,  and  then  be- 
oomcH  either  yellow  or  colorless.  Lutein,  according  to  TllUPfcnCM  ( Med.  CtrP>l., 
ISOl),  No.  1 1,  is  also  identical  with  the  yellow  coloring-matter  of  butter,  fnt,  blood- 
sorum.  and  many  plants  (flowers,  stamens,  seeds). 

Sai.kowskv  (Hopps-Skvi.EH,  Med.-chem.  Vnten.,  3 H..  p.  43(1)  found,  on  tho 
other  hand,  that  hiematoidin  from  a strumous  cyst  had  all  the  peculiarities  of  bili- 
rubin. He  concludes  that  the  hamatoiditi  (from  the  corpora  lutea)  investigated  by 
Holm  was  not  pure,  or  that  there  nre  different  kinds  of  hiemateidin. 

Besides  bilirubin  (ClLH1PN  O,)  there  are  found  in  bile  (gall-stones)  sti’l  other 
coloring  matters,  bilifuscin  (C,.H  ,N  O.),  biliprasin  (0.,H,sN,0„)t  and  bilihuinin, 
whieh  may  lie  considered  as  offsprings  of  bilirubin.  lSiliverdin  (0«jH_  N. (),<,?!, 
" hfch.haa  not  yet  been  demonstrated  beyond  doubt  as  a natural  occurrence,  may  be 
artificially  produced  from  bilirubin. 

According  to  I’ekls  (Kon.  med.  Get. , Nov.,  18(50),  non-crystalline  pigments  arising 
from  thir  coloring  matter  of  the  blood  become  blue  by  the  action  of  fcrrocyanide  of 
potassium  and  pure  muriatic  acid  (forming  Berlin  blue),  the  pigment  of  the  choroid, 
anil  probably  those  derived  from  fat  or  the  coloring  matter  of  the  bile,  do  not. 

1 he  dark-red.  reddish-brown,  and  black  pigment  molecules,  sometimes  occurring 
ni  the  interior  of  tho  hepatic  cells,  probably  have  their  origin  in  the  normal  coloring- 
matter  of  file  bile  occurring  in  the  hepatic  cells. 
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While  disturbances  of  the  circulation,  especially  both  forms  of  hypene- 
mia,  thrombosis  ancl  haemorrhage,  are  kuowu  as  the  causes  of  the  formation 
of  haematoidin,  we  know  only  very  imperfectly  the  more  immediate  causes 
of  the  formation  of  melanin.  This  holds  true  of  the  physiological  pigmen- 
tation of  the  skin,  eye,  which  varies  greatly  in  intensity  with  the  race, 
family,  etc.,  and  of  the  muscle-fibres  of  the  heart.  This  is  farther  true  of 
discolorations  of  the  skin  dependent  upon  like  histological  conditions  (pig- 
mentation of  the  rete  Malpighii),  which  almost  constantly  occur  in  the  liuea 
alba,  the  areolae  of  the  mammae,  etc.,  during  pregnancy,  and  sometimes  in 
the  face  (chloasma  ■uterinum ) in  uterine  diseases,  and  after  delivery,  etc., 
they  mostly  disappear  again.  Similar  colorations  affect  the  skin  and  many 
mucous  membranes  in  Addison’s  disease,  or  bronzed  skin,  probably  complex 
symptoms  dependent  upon  a disease  of  the  abdominal  ganglia.  In  hysteri- 
cal persons  of  both  sexes  analogous  discolorations  have  been  observed,  espe- 
cially of  the  skin  of  the  face.  Sometimes  in  those  of  the  female  sex  there 
have  been  observed  the  formation  of  a colored  cutaneous  secretion  ( chromo - 
hr  ini  a,  stearrhcea  nigricans).  Finally,  there  are  a number  of  well-estab- 
lished cases,  where  by  excitation  of  the  nervous  system  (fear,  anguish,  etc.), 
or  by  severe  diseases  of  the  brain,  acute  or  chronic,  of  high  or  low  grade, 
there  result  local  or  general  dark,  even  negro-like  discoloration  of  the  skin. 
(Opposed  to  this,  lighter  discolorations  of  some  parts  of  the  skin  have  been 
observed  in  neuralgia  and  anaesthesia,  permanent  or  again  disappearing  with 
the  causative  disease.) 

The  changes  in  the  color  of  the  skin  of  many  animals,  especially  the  chameleon, 
are  in  the  various  conditions  of  the  animal  (feeling  comfortable  or  angry)  dependent 
upon  the  states  of  contraction  of  the  star-shaped  pigment-cells  of  the  skin.  They 
are  thus  not  analogous  to  the  nervous  pigmentation  of  man. 

Hfematoidiu  metamorphosis  occurs  also  under  physiological  conditions. 
This  is  true  especially  of  the  formation  of  the  corpora  lutea  of  the  ovaries. 
Haematoidin  occurs  in  many  organs  so  often  that  it  may  be  considered 
almost  physiological:  thus,  in  the  sheath  of  the  cerebral  vessels,  in  the 
epithelium  of  the  choroid  plexus. 

The  blood  effused  from  out  of  the  vessels  of  the  Graafian  follicle  into  its  cavity 
coagulates,  and  for  a few  months  is  but  little  changed.  On  about  the  fourth  month 
the  coagulum  begins  to  undergo  atrophy  ; its  centre  shows  discolored  blood-corpuscles 
as  well  as  pigment  in  diffuse,  granular,  and  crystalline  form,  beautiful  brick  or  vermil- 
ion-red crystals,  free  or  enclosed  in  cells.  Sometimes  bodies  otherwise  colored  are 
present  instead  of  the  corpora  lutea  : e.rj..  corpora  nigra  in  consequence  of  the  trans- 
formation of  the  extravasation  into  black  pigment,  or  corpora  albida  in  slight  effu- 
sions of  blood  (sis  in  old  women). 

Hsc  nmtoidin  metamorphosis  is  often  found  pathologically.  In  and  of 
itself  it  is  of  slight  importance,  since  it  does  not  materially  affect  the  func- 
tion of  parts,  except  where  the  pigment  occurs  in  very  great  quantity,  as 
well  as  in  cases  occurring  only  under  special  circumstances,  where  the  pig- 
ment enters  the  vessels  and  obstructs  the  capillaries  (melansemia).  It.  is  to 
he  concluded  from  the  presence  of  pigment  that  hyperemia,  and  particularly 
hternorrhage  0f  various  kinds,  have  occurred  once  or  repeatedly  ; thus  is  to 
he  inferred  from  the  punctated  or  striated  black  coloration  of  the  spleen  the 
earlier  presence  of  strong  hyperemia,  etc.,  as  it  occurs  in  attacks  of  inter- 
mittent fever  ; from  huge  quantities  of  pigment  in  the  adventitia  of  the 
small  cerebral  vessels,  cerebral  congestions,  etc.  ; but  the  contrary  infer- 
ence is  not  allowable : for  in  many  cases  of  extravasation  of  blood  the  color- 
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inc  matter  of  the  blood  is  resorbed  without  undergoing  a pigmentary 
metamorphosis,  etc.  (See  p.  219.)  Only  where  the  early  stages  of  the  de- 
velopment of  this  pigment  are  met  with,  is  its  origin  from  ' lie  blood  certain. 

Pigmentary  metamorphosis  affects  normal  tissues  of  all  kinds  which  are 
vascular  or  lie  in  close  proximity  to  vessels:  cells,  as  epithelium,  gland- 
cells  of  every  kind  (also  of  the  spleen  and  lymph-glands),  endothelium ; 
connective  tissue  of  every  kind,  especially  that  of  the  skin,  mucous  and 
serous  membranes,  the  adventitia  of  the  vessels,  the  connective  tissue  of 
the  lungs,  the  connective  tissue  of  the  glands,  especially  that  of  the  lymph 
and  milk  glands;  muscle-fibres,  transversely  striated  and  smooth;  brain- 
aml  nerve-substance. 

Pigmentation  of  the  skin  affects  either  the  rete  Malpighii  or  the  corium.  Pigment 
in  the  rete  Malpighii  occurs  in  small  degree  normally,  in  higher  grades  (not  regarding 
the  colored  races  of  men  whose  children  are  not  colored  till  a few  days  after  birth,  as 
well  as  of  men  with  congenital  or  acquired  darker  complexion)  in  freckles  of  summer, 
in  chloasma  and  in  melasma,  and  Addison’s  disease.  Pigmentation  of  the  corium 
occurs  after  hypenemiae  by  warm  poultices,  mustard-plasters,  blisters,  etc.  ; after 
chronic  inflammations,  especially  in  the  vicinity  of  ulcers  of  the  leg  of  long  duration, 
in  dark  moles,  in  very  rare  cases  of  true  melanosis. 

SEKOU8  membranes  for  the  most  part  show  a black,  usually  spotted,  rarely  uni- 
form pigmentation  after  inflammations  and  hemorrhages.  The  pigment  is  usually 
deposited  in  the  connective-tissue  corpuscles.  (A  peculiar  reddish  pigmentation, 
which  occurs  especially  on  the  external  surface  of  the  upper  part  of  the  jejunum,  has 
its  scat,  not  in  the  serous  membranes,  but  in  the  organic  muscle-fibres;  but  the  color- 
ing substance  is  of  a fatty  nature.)  (See  p Jbl. ) The  pigment  in  the  sheath  of  the 
small  cerebral  vessels  is  also  of  a fatty  nature.  (Stein,  Nunn.  de  jngvtenfo,  etc., 
Dorpat,  1858. ) 

Mucous  membranes  mostly  show  a black,  rarely  a brown,  and  for  the  most  part 
spotted  pigmentation  after  chronic  catarrhs  and  Iuemorrhages.  sometimes  also  in  con- 
sequence of  long  retardation  of  the  blood,  e.g.,  in  the  cavity  of  the  stomach.  Pigment 
is  seldom  deposited  into  the  epithelium  of  the  mucous  membrane  or  glands,  mostly 
in  the  tissue  of  the  mucous  membrane.  The  very  frequent  black  coloration  of  the 
villi  of  the  small  intestine  arises  not  by  common  pigment,  but  by  one,  like  fat.  soluble 
in  ether.  In  many  cases  of  this  kind  no  catarrh  is  present,  but  probably  the  fat 
comes  from  the  blood,  which  in  gastric  and  other  bid  dings  enters  the  intestine  and 
here  is  resorbed  by  the  villi. 

Pigmentary  metamorphosis  in  the  VF.ssei.8  occurs  most  frequently  in  the  adventitia 
of  the  smallest  arteries : haemorrhagic  pachymeningitis  especially  affords  beautiful 
preparations  of  this  kiud. 

Pigmentary  metamorphosis  of  the  remaining  tissues  and  organs  has  little  patho- 
logical importance.  Concerning  pigmentation  of  the  lungs,  see  p.  04. 

In  the  blood  of  the  new-born,  and  in  decomposed  fietuees.  Neumann  ( A reh.  <1. 
UrM VIII.,  p.  170.  and  IX.,  p.  40<  often  found  numerous  needle-shaped  crystals  of 
bilirubin.  The  formation  of  crystals  was  always  )«mt  mortem.  All  new-born  children 
thus  a (dieted  were  affected  afterward  by  ieUrus  neonatorum.  Crystals  were  found 
especially  from  the  second  to  the  seventh  day  of  life,  only  where  the  coloring  matter 
of  the  bile  excreted  during  life  was  present  in  solution  in  the  blood.  Respiratory 
disturbances  are  probably  always  the  immediate  causes  of  crystallization.  Infarctions 
of  uric  acid  are  almost  constantly  found  at  the  same  time  in  the  kidneys.  In  rotten 
feetuses  the  formation  of  crystals  has  its  foundation  probably  in  a metamorphosis  of 
the  coloring  matter  of  the  blood  into  bile-pigment  after  the  death  of  the  foetus. 

^ i Kt  now  ( Arrj(. , XXXVII..  p.  212i  describes  as  oehronoeie  a peculiar  block  colora- 
tion of  almost  ail  the  cartilages  and  ligaineuts  of  the  large  and  small  joints  of  the 
synovial  membranes,  cartilages  of  the  respiratory  organs,  intervertebral  ligaments,  of 
the  intitna  of  the  large  arteries,  etc.,  which  occurred  in  a man  sixty-seven  years  old. 
The  coloration  of  the  cartilage  varied  in  various  parts,  from  light  gray  to  black.  The 
microscope  revealed  brown  or  yellow  granules  deposited  into  the  intercellular  sub- 
stance. The  color  was  probably  dependent  upon  a derivation  of  the  coloring  matter 
of  the  blood.  The  costal  and  bronchial  cartilages  generally  show  in  old  people  a dark 
color  through  deposit  of  fine  purulent  molecules.  The  case  cited  repeats  this  condi- 
tion to  a more  intense  degree. 
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Pigmentary  metamorphosis  of  new-formed  tissues  of  all  kinds,  if  they  are 
vascular,  all’ects  especially  new-formed  connective  tissue,  as  pseudo-mem- 
branes of  serous  membranes,  new-formation  of  vascular  connective  tissue 
upon  the  inner  surface  of  the  dura  mater,  hypertrophies  of  connective  tissue, 
cicatricial  tissue,  tumors,  etc.  In  some  cases  pigmentation  (and  extravasa- 
tion) is  more  important  or  observable  than  tho  new-formation  itself  of 
connective  tissue  and  vessels  : in  inter-meningeal  apoplexy,  in  melanotic 

sarcomata  and  cancers. 

According  to  Neumann  {Arch.  d.  Heilk,. , 1871,  XII.,  p.  GO),  melanosis,  like  fatty 
degeneration  and  cheesy  transformation,  is  to  be  regarded  as  a peculiar  form  of  retro- 
grade change  of  the  tissues. 

Pure  pigment  tumors  or  melanom  vta,  i.e.,  new-formations,  which  consist 
of  pre-existent  connective  tissue  and  pigment  in  quantities  deposited  there- 
in. They  rarely  occur,  most  frequently  in  the  choroid  and  iris. 

YiRCHOW  {Arch. , XVI.,  p.  181)  relates  a case  in  which  the  cerebral  and  spinal  pia 
mater  presented  all  transitions  from  scattered  and  diffuse  colorations  to  turaor-like 
brown  and  black  nodules,  and  even  showed  transitions  to  sarcoma.  Rokitansky 
{All;/.  Wien.  Ztg .,  1861,  No.  15)  relates  a similar  case.  I found  in  a case  of  exquisite 
melanosis  of  the  skin,  and  melanotic  cancers  of  various  parts,  the  connective  tissue 
corpuscles  of  the  skin,  subcutaneous  adipose  tissue,  peri-  and  endocardium,  etc.,  as 
well  as  the  muscle-corpuscles,  so  strongly  filled  with  pigment,  that  there  was  thereby 
produced  only  an  abnormal  coloring  of  the  affected  parts,  in  part  larger  and  smaller 
black  nodules  (Arch  d.  Heilk  , V.,  p. 

The  chapters  devoted  respectively  to  Wrier  kinds  of  abnormal  coloration,  are  to  he 
consulted  : by  substances,  which  enter  the  organism  from  without  (p.  64) ; by  anaiinia, 
hypersemia,  and  haunorrhage ; by  metamorphoses  and  infiltrations,  especially  tho 
fatty  coloring ; that  by  bile  (see  Icterus),  etc. 

After  very  long  internal  use  of  nitrate  of  silver  there  are  sometimes  to  be  observed 
slate-colored  or  black  colorations  at  first  of  the  nails,  then  of  the  remaining  parts  of 
the  skin,  of  the  albuginea,  of  the  mucous  membrane  of  the  mouth  and  soft-palate, 
even  of  the  cerebral  meninges,  of  cartilage  and  bone,  of  the  serous  membranes,  most 
mucous  membranes,  of  the  membrane  of  the  glands,  of  the  kidneys.  They  depend 
upon  impregnation  by  silver  in  a finely  divided  state.  (Observations  by  Swk- 
di.vuer,  Albers,  Raver.  Wedemkyer,  Falck,  Rokitansky,  Dklioux.  and  others. 
Gkuns,  Arch.f.  d.  1141.  Jkitr. . 1858,  I.,  p.  lOli.) 

Pseudo-pigmentation,  or  pseudo-melanosis,  is  a gray  or  blackish  colora- 
tion, caused  by  the  presence  of  sulphide  of  iron.  The  latter  is  formed  by 
development  of  sulphuretted  hydrogen  in  the  intestine,  or  by  the  putrefac- 
tion of  exudations  or  tissues.  These  colorations  are  oftenest  found  in  the 
stomach,  in  old  ichorous  cavities  of  the  extremities,  serous  membranes,  etc. 


(1.  CALCIFICATION  and  PETRIFACTION. 

(Incrustation.) 

Meyer,  Zt*chr.  f.  rat.  Med..  1851,  I. -Schroder  v.  d.  Kolk,  Ncderl.  lane..  1853, 
p.  97,-0.’ Weber,  Virch.  Arch..  1854,  Vr..  p.  561.— Virchow,  Arch.,  1855,  VIII., 
p.  103  ; IX.,  p.  618;  XX.,  p.  403.—  H.  Meckel,  Microgeologie,  1856.— Beckmann, 
Virch.  Arch.,  1858,  XV.,  p.  540. 

Calcification  consists  either  in  an  infiltration  of  the  tissues  and  glandular 
secretions  with  molecules  or  large  granules,  rarely  with  crystals,  especially 
of  carbonate  and  phosphate  of  lime,  mostly  also  of  like  salts  of  magnesia ; 
or  in  the  abnormal  deposit  of  the  specific  secretion  of  tho  glands,  especially 
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of  the  elements  of  the  urine  and  bile.  Thus  there  appear  in  the  tissues 
condensations  varying  in  density  to  the  hardness  of  stone  : so-called  calci- 
fications ; in  the  fluids,  so-called  CONCRETIOXS  or  calculi. 

1.  Calcification  of  tissues. 

If  calcification  appears  in  the  tissues,  e.g.  in  the  basis  substance  of  the 
costal  cartilages,  the  microscope  at  first  shows  the  smallest  molecules 
by  which  the  affected  parts,  e.g.  the  hyaline  cartilage  substance,  become 
clouded  as  though  by  dust.  The  molecules  gradually  increase  in  size ; 
at  the  same  time  new  molecules  are  deposited,  which  also  grow.  Thereby 
the  structure  of  the  affected  part  gradually  becomes  no  longer  recognizable, 
while  in  the  part  most  changed  the  tissue  becomes  opaque,  and  consists 
entirely  of  larger  or  smaller,  irregularly  angular  or  rounded  granules. 
These  finally  fuse  together  into  a homogeneous  mass,  which  by  transmitted 
light  shows  dark  black  borders  and  a brilliant  centre;  by  reflected  light, 
however,  it  appears  as  peculiarly  whitish,  and  in  which  the  non- calcified 
cells  are  for  the  most  part,  still  perceived  distinctly.  In  this  stage  there 
frequently  is  a reappearance  of  a certain  transparency  (as  glass,  e.g.,  and 
crystals  pulverized  are  opaque,  but  by  a more  intimate  contact  of  their 
finest  parts,  i.e.  by  melting  together,  they  again  become  transparent).  The 
calcified  parts  are  not  colored  bv  carmine,  but  are  colored  blue  by  lia*ma- 
toxylin.  Fine  sections  ulso  have  a superficial  appearance  similar  to  that 
of  bone-tissue,  which  similarity,  however,  is  not  retained  on  closer  scrutiny, 
and  after  the  addition  of  reagents. 

If  to  the  calcified  tissues  strong  acids,  especially  muriatic  and  nitric,  be 
added,  they  w ill  clear  up  from  the  periphery  to  the  centre,  and  their  normal 
structure  will  more  or  less  completely  return  ; but  parts  will  commonly  be 
much  faded,  since  these  acids  always  act  more  or  less  strongly  also  upon 
normal  tissues.  This  clearing  up  takes  place  for  the  most  part  with  a 
greater  or  less  development  of  air- vesicles.  The  vesicles  consist  of  carbonic 
acid.  If  this  development  is  great,  it  is  assumed  that  the  deposited  mass 
consists  wholly,  or  for  the  greatest  part,  of  carbonate  of  lime;  if  it  is  small, 
phosphate  of  lime  predominates.  In  almost  all  cast's  there  is  fouud,  besides, 
a small  quantity  of  Other  salts  of  lime,  magnesia,  etc. 

Calcification  occurs  physiologically  and  pathologically'. 

An  example  of  the  physiological  calcification  of  tissues  is  the  cerebral 
sand  of  the  pineal  gland  and  choroid  plexus,  also,  in  part,  growing  bones. 

The  instances  of  calcification  of  cartilage,  arteries,  etc.,  in  old  age,  form, 
as  it  were,  a transition  to  pathological  states. 

Pathological  calcification  affects  all  parts  of  the  normal  organism  (es- 
pecially hyaline  cartilage,  the  valves  of  the  heart,  the  coats  of  the  vessels, 
especially  of  the  arteries  and  capillaries,  more  rarely  of  the  skin,  mucous 
membranes,  serous  membranes,  muscles  transversely-striated  ami  smooth, 
especially  of  the  arterial  wall,  tendons,  etc.);  all  tissues  (except  connective 
tissue  and  cartilage,  also  true  and  interstitial  gland-tissue);  the  placenta; 
thrombi,  extravasations,  exudations,  and  new-formations  of  every  kind.  It 
affects  most  often  new-formed  connective  tissue,  especially  that  arising  from 
chronic  inflammation  in  the  valves  of  the  heart  and  in  the  intima  of  t ho 
arteries,  more  rarely  that  in  adhesions  and  pseudo-membranes,  in  hypertro- 
phies, tumors,  etc.  Calcification  affects  cells,  e.g.  cartilage  cells,  as  well  as 
intercellular  substance,  most  often  that  of  cartilage.  It  is  rejteated  in  cells, 
if  these  are  arranged  in  layers,  the  stratification  being  regular,  e.g.,  in  the 
meninges  of  the  brain,  ependyma,  choroid  plexus,  and  in  the  brain-substance 
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itsolf.  The  intercellular  substance  of  cartilage  is  usually  calcified  first  at  a 
distance  furthest  from  the  vessels. 

Concerning  calcifications  of  the  placenta,  consult  ('rt'vktt.i inert  (Anat.  path.,  1829 
livr.  1..  p.  0;  livr.  XVI.,  p.  2).  Si-atii  and  Wkdl  ( Klin.  <1.  Geburtsk.  von  Chian,  u.  s’ 
w.,  1858),  Lanouans  ( Arch,  f . Gi/ndk. , III.,  p.  150),  and  FbaNkel  (J6.,  II..  p.873). 
The  walls  of  tin*  capillaries  and  vessels  of  the  villi  are  for  the  most  part  the  parts 
of  the  foetal  placenta  especially  which  are  impregnated  with  lime;  more  rarely  the 
epithelial  layer  of  the  villi  and  their  mucous  tissue  basis  substance.  According  to 
L.vncuia.ns,  calcification  in  the  fully-formed  placenta  forms  irregular  retiform  lines 
or  small  surfaces  in  the  maternal  placenta,  and  fine  round  processes,  which  extend 
from  the  latter  into  the  depth  of  the  fietal  placenta,  however  without  reaching  the 
foetal  surface.  Hence  it  becomes  intelligible  that  the  prosperity  of  the  child  is  not 
essentially  injured.  Calcification  in  the  placenta)  of  immature  foetuses  for  a long 
time  dead  is,  according  to  I'kankkl,  confined  to  foetal  tissue,  and  is  found  only  in 
the  finer  villi ; these  are  not  calcified  throughout  their  whole  thickness,  but  the  lime 
is  deposited  in  the  wall  of  the  vessels  and  in  their  lumen,  according  to  L.  only  in  the 
latter  place.  Whether  this  calcification  explains  the  death  of  the  foetus  is  still  ques- 
tionable. 

The  consequences  of  calcification  are  more  or  less  entire  loss  of  function 
and  of  all  the  remaining  properties  of  the  tissues:  e.r/.,  in  cells  of  every 
kind,  most  frequently  in  the  epithelium  of  catarrhal  or  ulcerated  mucous 
membrane  of  the  bladder),  in  the  crystalline  lens,  in  muscles,  cartilages,  in 
the  valves  of  the  heart.  In  the  coats  of  the  vessels,  especially  those  of  the 
arteries,  calcification  is  practically  of  the  greatest  importance,  because  of 
the  friction  and  formation  of  eddies  in  consequence  of  the  stiffness  and  un- 
evenness, as  well  as  because  of  the  destruction  of  the  elasticity  and  contrac- 
tility of  the  vessel-wall,  the  reaction  upon  the  heart  (sometimes  hypertrophy 
of  the  left  ventricle),  but  especially  upon  the  peripheric  distribution  of  the 
vessels  (which  thereby  contain  less  blood,  etc.),  not  infrequently  also  be- 
cause of  their  laceration.  A further  change  of  calcified  parts  is  unknown. 
Calcification  of  many  tumors,  e.g.}  fibroma,  enchondroma,  struma,  tubercle, 
cancers,  cysts,  as  well  as  extra  uterine  foetuses  {lithopaxlice) , is  of  advantage 
with  respect  to  the  whole  organism,  since  it  prevents  their  growth  and  their 
further  general  influence. 

The  causes  of  calcification  of  tissues  are  most  often  those  of  atrophy, 
especially  very  advanced  age.  The  disturbances  of  nutrition  which  lead  to 
calcification  are  mostly  local  and  long  continued  : many  disturbances  of  the 
circulation,  chronic  inflammation,  gangrene. 

Virchow  (Areh.f  L.,  p.  301),  when  exteriorly  on  the  vertex  of  the 
cranium  there  were  traces  of  impression  or  fissure,  has  often  found  in  the 
apparently  uninjured  parts  of  the  gyri  beneath,  a great  number  of  ganglion- 
cells  of  the  gray  cortex  calcified,  lie  accordingly  assumes  a necrosis,  etc., 
from  commotion. 

The  GENESIS  of  calcification  of  tissues  varies. 

In  the  ordinary  calcification  of  tissues  the  lime-salts  must  be  brought  in 
solution  into  the  tissue  and  there  deposited.  Carbonic  acid  is  to  be  regarded 
a solvent  of  carbonate  and  phosphate  of  lime,  and  is  always  contained  in  the 
blood  in  such  quantities  that  the  carbonate  of  lime  and  at  least  the  neutral 
phosphate  of  lime  may  be  doubled  in  quantity,  both  of  which  salts  are  solu- 
ble. And  yet  there  are  other  acids  which  form  soluble  salts  of  lime  which 
take  a part  in  the  transportation  of  lime  into  the  calcifying  tissues  (volatile 
fatty  acids,  lactic  acid,  and  glycerin-phosphoric  acid).  When  they  have 
reached  their  destination,  the  lime-salts  must  again  assume  the  insoluble 
form.  If  carbonic  acid  is  the  solvent,  this  process  is  possible  by  assuming 
that  the  gas  escapes;  on  the  other  hand,  lime-salts  may  bo  precipitated  ns 
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insoluble  compounds  and  so  become  permanent,  and  it  may  be  assumed  that 
such  precipitates  are  caused  by  the  higher  fatty  acids,  whose  lime-salts  are 
known  to  be  insoluble.  The  insoluble  fat-salt  of  lime  may  then  be  trans- 
formed by  oxidation  into  carbonate  of  lime.  Also  neutral  or  basic  phos- 
phates of  the  alkalies  may  induce  this  change:  for  basic  phosphate  of  lime 
is  not  at  all,  the  neutral  phosphate  only  very  sparingly,  soluble. 

Sometimes  calcification  arises  in  consequence  of  metastases.  In  extensive 
resorption  of  earthy  salts  from  the  bones  (extended  caries,  numerous  carci- 
nomata of  the  hones,  etc.),  and  the  prevented  excretion  of  them  through  the 
kidneys,  the  lime-salts,  e.g. , are  deposited  in  other  parts  of  the  organism : 
most  frequently  in  the  pyramids  of  the  kidneys  (as  infarctions) ; more  rarely 
in  the  lung-tissue,  in  the  mucous  membrane  of  tin*  stomach,  still  more  rarely 
in  that  of  the  intestine,  in  the  mucous  membrane  of  the  ethmoidal  and 
sphenoidal  cells,  in  the  dura-mater,  liver,  in  the  cerebral  vessels.  The 
affected  parts  thereby  assume  for  the  most  part  a pumice-stone  consistency. 

KPttnkr  ( Yireh.  Arch.,  1872,  LY.,  p.  521  > describes  a sudden  and  quickly  extend- 
ing calcification  of  the  inner  coat  of  almost  all  the  arteries  of  the  body,  e»q>ccially  the 
smallest,  in  a man  twenty  years  old,  with  scrofulous  caries  of  most  of  the  vertebrae, 
and  with  fatty  degeneration  of  the  liver,  etc. 

Deposits  of  urate  of  soda  occur  in  arthritis,  especially  in  the  articular 
cartilages,  in  the  neighboring  ligaments  and  tendons,  and  in  the  cartilages 
of  the  ear;  more  rarely  in  the  spongy  ends  of  bones,  the  skin,  kidneys, 
vessels,  and  in  the  interstitial  tissue  of  the  pyramids  of  the  kidneys. 

Arthritic  concretions,  according  to  Gvhrod  (The  Nature  and  Treatment  of  G out, 
1859  ; tran si.  by  KtSENM  \xn,  1861),  are  originally  excreted  as  a limpid  liquid,  which 
is  very  rich  in  urate  of  soda  : this  crystallizes  out,  whereby  the  liquid  assumes  a 
milky  appearance;  the  liquid  part  becouu  - gradually  resorbed,  and  thus  tin  exuda- 
tion by  und  by  becomes  permanent  and  finally  ban!.  Sometimes  the  concretions 
contain  much  phosphate  of  lime,  which  probably  is  the  result  of  a secondary  deposit, 
whilst  the  urate  of  sola,  acting  as  a foreign  body,  gives  rise  to  an  inflammation,  the 
product  of  which  becomes  chalky.  G.  found  in  seventeen  out  of  thirty--,  ven  sick 
with  gout  evident  gouty  deposits! : in  seven  the  deposit  was  perceptible  only  in  the 
external  ear,  in  nine  it  was  simultaneously  in  the  ear  and  circumference  of  the  joints, 
uml  in  only  one  case  were  deposits  found  in  other  pnrt.s  of  the  Ixxly  without  the  ear 
being  affected  at  the  same  time.  The  dejiosits  in  the  folds  of  the  external  ear  vary 
in  size  from  that  of  a pin’s  head  to  that  of  a half  pea,  are  firm  or  soft,  in  the  latter 
ease  containing  a creamy  liquid,  consisting  of  needles  of  nrate  of  soda.  Consult  also 
Hartm  ann,  f’eh.  tinea  ft'rtU  run  Ar thrift*  urien,  Herl.  Di.*.s. , 1868. 

According  to  Cornu, -Kanvikr,  uric  acid  salts  are  first  dej*osite<l  in  the  cells  them- 
selves. axul  afterward  in  the  tissue  lietween  them;  according  to  Zalkbky.  in  his 
experiments  on  birds  by  ligating  the  ureters,  these  salts  appear  first  in  the  intercel- 
lular substance.  According  to  Chuzonszokwsky  ( Yirch.  Arch. . XXXV.,  p.  171), 
the  most  important  quantity  of  the  urates  is  not  formed  in  the  kidneys,  but  in  con- 
nective tissue,  whence  they  are  curried  into  the  lymphatics  'these  sometimes  appear 
as  if  injected  with  white  shining  masses),  and  farther  into  the  bladder. 

2.  Concretions,  or  calculous  formation. 

II  calcification  appears  in  liquids  (secretions),  these  become  first  cloudy 
like  lime-water,  more  consistent,  later  thick  like  mortar,  and  finally  are 
converted  into  chalky  or  stone-like  masses:  ealculi  or  concretions.  These 
vary  greatly  in  size  and  shajie.  The  latter  depends  partly  upon  the  form  of 
the  cavities  inclosing  the  concretion,  partly  upon  unknown  causes.  Their 
surface  is  smooth  or  rough.  Their  consistence  is  sometimes  soft  and  crum- 
bling, sometiuujs  hard  like  stone  or  b ine.  Their  color  varies  with  the 
essential  composition  of  the  concretion,  and  with  the  unessential  elements, 
letvveen  white,  yellow,  reddish,  brownish-black,  etc. 

concretions  may  be  examined  microscopically  in  thin  polished  rawed  sec- 


320 


CALCULOUS  FORMATION. 


tions,  or  in  fragments  when  the  former  are  impossibly  on  account  of  the 
crumbling  nature  of  the  specimen.  In  section  by  transmitted  light  there  are 
seen  in  a bright  basis  substance  irregularly  rounded,  elongated,  and  other- 
wise shaped  parts  of  varying  size,  which  sometimes  are  not  unlike  bone- 
corpuscles,  but  prove  to  be  spaces  filled  with  air,  formed  in  part  naturally, 
in  part  artificially.  In  other  cases  there  are  seen  smaller  and  larger,  wholly 
irregular  fragments,  with  black  contour,  which  on  the  addition  of  acids 
behave  in  the  manner  described. 

The  causes  of  the  formation  of  concretions  are  chiefly  catarrhs  of  the 
mucous  membranes,  the  presence  of  foreign  bodies,  changes  in  the  secretions 
of  glands. 

In  China,  prasputial  calculi  are  as  frequent  as  urinary  ; their  cause  is  the  frequently 
occurring  phimosis.  (Kerr,  New  York,  Med.  Jour.,  Mar.,  1872.) 

The  consequences  of  calculi  are:  irritation  of  the  skin  and  mucous 
membrane  (colics  due  to  biliary  and  renal  calculi — catarrhs,  ulcerations, 
perforations),  contraction  or  whole  occupation  of  the  space  of  the  inclosing 
cavity,  thereby  diminished  or  arrested  function  of  the  tissue  of  the  cor- 
responding gland  ; more,  rarely  irritation  of  the  bordering  serous  mem- 
branes (peritonitis)  or  of  the  adjacent  vessels  (pyelo-phlebitis). 

Calculi  sometimes  remain  a long  time  in  the  same  condition.  Or,  after  a 
certain  period,  they  dissolve.  At  other  times  they  are  transformed  into 
other  substances:  met  ascii  kmatisx.  This  is  sometimes  followed  by  their 
spontaneous  destruction.  Or  they  are  in  various  ways  removed  from  the 
organism. 

According  to  Meckbl.  gall-stones  may  either  show  perpendicular  cleavages  (radiate), 
so  that  they  finally  are  entirely  broken  up  ; or  they  are  from  without,  uniformly  or 
in  spots,  dissolved  by  the  bile ; or  both  processes  occur  together.  This  is  also 
Fkkh ten’s  view  (Klin,  tier  Lthcrkrkh.,  2.  Anfl.  II.,  p.  487).  Wyss  ( Memorab .,  1872, 
1.  H. ) describes  as  another  mode  of  solution  for  those  cases  where  two  or  more  calculi 
are  present,  the  grinding  together  of  the  calculi,  the  formation  of  smooth  surfaces 
(secondary,  in  opposition  to  the  primary  which  were  present  before  and  grow  with 
the  growth  of  the  calculus). 

a.  Chalky  calculi  consist  chiefly  of  carbonate  and  phosphate  of  lime  in 
varying  proportion,  of  a very  small  quantity  of  carbonate  of  magnesia, 
water,  mucus,  albumen,  and  organic  elements ; their  nucleus  is  sometimes 
a foreign  body.  They  are  found  most  frequently  in  the  tonsils,  in  the  ver- 
miform process,  in  the  veins,  and  in  dilated  bronchi,  and  cancers;  more 
rarely  in  the  nose,  larynx,  uterus,  vagina,  under  the  propuce,  etc. 

VENOUS  calculi  ( p/deboliths)  are  for  the  most  part  calcified  blood,  and  fibrin  clots. 
But  probably  they  arise  in  part  in  other  ways  (Wedl,  (Jest.  vied.  Jahrb.,  1801).  The 
so-called  lung-stones  are  most  often  inspissated  and  calcified  secretion  of  the  smaller 
bronchi ; more  rarely  is  it  the  smallest  lobules  of  the  lungs,  which,  after  that  they, 
have  been  affected  by  catarrhal  pneumonia  and  are  calcified,  pass  outward  by  a 
sequestrating  suppuration  of  the  surrounding  connective  tissue : so-called  PHTHISIS 
CALCULOSA. 

1).  Concretions  of  gland-secretions  are : urinary  calculi,  gall-stones, 
tartar  on  the  teeth,  salivary  calculi,  pancreatic  calculi,  lachrymal  calculi, 
prostatic  calculi,  calculi  of  the  milk-ducts,  calculi  of  the  sebaceous  glands, 
so-called  seminal  calculi.  Also  to  these  belong  the  so-called  infarctions  of 
the  kidneys. 

The  urinary  and  biliary  calculi  are  the  most  frequent  and  most  important. 
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Urinary  calculi,  which  occur  especially  in  the  bladder,  arise  either  from  the 
beginning  in  the  bladder,  because  the  urine,  in  consequence  of  its  too  gTeat  acid  con- 
tents, lets  fall  free  uric  acid  or  urates  ; or  because  it  undergoes  an  alkaline  fermenta- 
tion (this  arises  through  the  access  of  a ferment,  or  of  fungi  to  the  bladder) ; or 
because  the  urine-salts  are  precipitated  on  solid  bodies  found  in  the  bladder  (pus, 
mucus,  blood,  foreign  bodies  accidentally  within  the  bladder) ; or  they  come  from 
the  kidneys  and  upper  portions  of  the  urinary  passages  into  the  bladder  and  there 
increase  in  size. 

According  to  their  essential  constituents,  there  are  distinguished : 

Calculi  of  uric  ACID  and  URIC  ACID  salts:  most  often  round,  or  rounded,  hard, 
yellow,  brown  or  brownish ; rarely  white,  smooth  or  somewhat  rough ; mostly  lam- 
inated on  section. 

Calculi  of  CRATE  OF  AMMONIA  only  : like  the  preceding, — rare. 

Calculi  of  the  PHOSPHORIC  acid  salts,  especially  of  ammonia  and  magnesia,  often 
also  of  lime : frequent ; round  or  rounded,  firm  or  chalk-like,  white,  smooth  ; for  the 
most  part  laminated  on  section. 

Calculi  of  piiospiiatk  ok  lime  only:  like  the  preceding. — rare. 

Calculi,  which  consist  at  the  same  time  of  uric  acid  or  urates,  and  of  phosphates, 
sometimes  so  that  layers  of  these  alternate,  sometimes  so  that  one  substance  forms 
the  nucleus,  the  other  the  outside  layer; — frequent. 

Calculi,  which,  besides  the  salts  before-mentioned,  contain  also  carbonate  of 
LIME,  which  forms  sometimes  the  nucleus,  sometimes  the  outside  layer. 

Calculi  of  oxalate  ok  lime:  frequent,  especially  in  young  persons;  the  larger 
have  a warty,  even  thorny  surface  (so-called  mulberry  calculi),  a h. minated  section, 
are  dark  brown,  very  hard  ; the  smaller  are  smooth,  lighter  colored  (so-called  hemp- 
seed  calculi). 

Calculi  of  oxalate  of  lime,  surrounded  by  layers  of  phosphate  of  lime  or  urates. 

Calculi  of  cyst  IN  : very  rare,  small,  rounded,  yellowish,  smooth. 

Calculi  of  XANTHIN:  very  rare,  small,  rounded,  light  brown,  smooth. 

The  larger  urinary  calculi  occur  almost  always  singly,  the  smaller  singly  or  in 
numbers,  the  smallest  (so-called  URINARY  SAND)  sometimes  in  numberless  quantity. 

Renal  infarctions  are  accumulations  of  salts  in  the  tissue  of  the  kidneys,  espe- 
cially in  the  pyramids.  These  lie  either  in  the  lumen  of  the  urinary  tubuli  or  in  the 
epithelium,  or  in  the  membranes  of  the  former,  or  in  the  intermediate  connective 
tissue  : the  latter  is  the  case  in  calcareous  infarction  (Kostkr,  VertL  en  Mxlaitti.  der 
him.  Aktui.  ton  Witenst.h .,  2.  It. . Dcel  VI.,  1872),  the  fonner  in  the  remaining. 
They  sometimes  have  no  signification,  sometimes  they  lead  to  the  formation  of  larger 
concrements  or  to  more  profound  diseases  of  the  kidneys  (cysts,  etc.). 

According  to  the  combination  of  these,  there  are  distinguished  : 

Infarctions  of  urates,  which  consist  of  uric  acid  and  urate  of  soda,  and  often 
affect  the  now-born  (from  the  first  days  after  birth  to  the  third  and  fourth  week  of 
life),  rarely  adults. 

Calcareous  infarction,  which  consists  of  carbonate  of  lime,  according  to 
Hoppe  { Jh-  utn'he  Kim..  18.>4,  No.  14),  especially  of  phosphate  of  lime,  and  occurs 
frequently  in  more  advanced  age. 

Triple -phosphate  infarction  (Fhorikp). 

(In  \ iru now's  so-called  pigment-infarction  large  masses  of  pigment  arc  found  in 
the  urinary  tubules. ) 

G vi. i. -stones  occur  especially  in  the  gall-bladder,  more  rarely  in  the  larger  and 
smaller  gall-ducts.  Their  number,  size,  form,  and  other  properties  change  with 
their  constituents.  The  latter  are  : esj>ccially  cholesterin  and  the  coloring  matter 
of  the  bile,  especially  as  bilirubin ; also  carbonate  and  phosphate  of  lime,  mucus, 
biliary  acids,  margarin.  Gall-stones  arise  sometimes  in  consequence  of  an  abnormally 
increased  proportion  of  cholesterin  and  biliary  coloring  matter  in  the  bile;  sometimes 
precipitation  of  these  substances  is  facilitated  by  catarrh  of  the  mucous  membranes; 
V>V  'r  nucl,  us  ‘s  rar®ly  a foreign  body.  According  to  Mktteniieimer  {Arch.  f.  Anat. 

/ /<//'>.  ii.  irmn.  Med.,  1M?2,  p.  5C9).  many  gall-stones  arise  perhaps  by  inspissation  of 
chalky,  etc  , substances  in  the  villi,  sometimes  occurring  on  the  mucous  membrane 
of  the  gall-bladder. 

Usually  there  are  distinguished  : 

< aluuli  of  cholesterin  : single  or  few.  small  or  of  the  size  of  an  egg,  mostly 
round  or  oval,  smooth  or  in  various  ways  granulated,  whitish  or  yellowish  -brown ; 
rarely  angular ; always  with  crystalline  striatum  of  the  surfaces  of  fracture  or  sec- 
tion. 
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Calculi  of  CHOLE8TERTN  and  biliary  coloring  matter,  with  small  quantity 
of  carbonate  and  phosphate  of  lime,  in  various  proportions  of  these  constituents : most 
frequent ; brown  or  green ; of  different  sizes ; for  the  most  part  many ; round  or 
unqulur;  smooth  ; with  chalky  section  like  the  external  surface  or  variously  colored 
in  the  different  layers. 

Calculi  of  BILIARY  COLORING  matter  alone  (rare) : brown  or  green  ; small;  less 
numerous  ; round  or  pointed. 

Calculi  of  CARBONATE  of  lime  alone  : light ; rough  ; with  crystalline  fracture. 

I found  in  the  seminal  vesicles  of  a kyphotic  person,  about  forty  years  old,  a forma- 
tion probably  representing  a lower  grade  of  seminal  calculi.  It  was  about  .15  mm.  in 
diameter,  rounded,  somewhat  flattened,  and  consisted  of  a homogeneous,  dense  sub- 
stance. not  affected  by  acetic  acid  and  alkalies,  and  of  numberless  spermatozoa.  The 
latter  lay  partly  in  the  formation,  in  part  the  bodies  only  were  found,  while  the  tails, 
tuft-like,  projected  from  the  periphery. 


e.  lardaceous,  or  amyloid  degeneration. 

(Waxy  degeneration,  cellulose  degeneration,  vitreous  swelling,  hyaloid  degeneration, 

Virchow’s  degeneration.) 

Rokitansky,  JIdb.  d.  path.  A nut .,  1842,  III.,  p.  5511,  5184,  417,  424;  184G,  I.,  p. 
445  ; Sttegsber.  d.  Wien.  Arad.,  1854,  XIII. — Christensen,  Copenh.  ugeskr. , 18-14. 
— Meckel.  Charite-  Ann .,  18555,  IV.,  p.  204. — 15usk,  Quart.  Jovm.  of  Micr.  Sc., 
1854,  No.  VI.,  p.  101. — Gairdner,  Ed.  Monthly  Journ.  of  Med.  Sc..,  1854. — Sanders, 
Monthly  Jour n.,  1854. — Virchow,  Arch.,  1854.  VI.,  p.  208  et  410;  VIII.,  p.  140  et 
804 ; XL,  p.  188;  XIV.,  p.  187;  XV.,  p.  232;  Wurzb.  Verb.,  VII.,  p.  222.— 
Molebchott.  Wien.  Wochenschr.,  1855,  No.  9. — Friedreich.  Virch.  Arch.,  X.,  p. 
201  u.  507  ; XI.,  p.  5587  ; XV.,  p.  50  ; XVI.,  p.  50. — Loeper.  Beitr.  z.  path.  Anut.  d. 
Lymplulr.  Wurzb.  Dies. , 1850. — Wilks,  Guy'*  Hasp.  Rep. , 1850,  II. — Pagen- 
btkcher,  Die  amyl.  Degen  er.  War  zb.  Die*.,  1858. — Kkkulk,  lleulelb.  Juhrb.,  1838. 
—Beckmann,  Virch.  Arch.,  1858,  XIII.,  p.  94.— C.  Schmidt,  Ann.  d.  Chem.  u. 
r/uinn.,  1859,  CX.,  p.  250. — Neumann,  Dmi*che  Klin..  1860.  Nr.  35,  37  et  559.— 
Arch.  d.  HeUk.,  1808,  p.  555  — Pleischl  and  Klob.  Wien.  Wochcnschr. , 1800. — 
Lambl,  An*,  d.  Frz. -Jos. 'Kinder spit .,  1800,  p.  311. — E.  Wagner.  Arch.  d.  Hcilk. , 
1801,  II.,  p.  481;  VII.,  p.  509. — Hertz.  Qreifsw.  axed.  Beitr.,  1803,  p.  93.— Rud- 
Nekk  anil  Ki'HNE,  Virch.  Arch.,  1805,  XXXIII.,  p.  00. — Feint,  Ueb.  d.  amyl.  Degen. 
insbts.  d.  Nieren.  Dies.  Bern.  1800.—  Kyber,  Stud.  ub.  d.  amyl.  Degen.,  Dorpat,  1871. 

Lardaceous  or  amyloid  degeneration  is  for  the  most  part  a chronic, 
almost  always  a secondary  filling  of  the  tissues  (especially  the  small  arteries 
and  capillaries,  more  rarely  also  other  elements)  with  a peculiar  homo- 
geneous substance,  having  a dull  lustre,  translucent,  almost  always  colored 
characteristically  by  iodine  and  sulphuric  acid,  but  albuminous,  which 
substance  in  high  degree  c auses  ischmmia  of  the  parts,  induces  emaciation  of 
the  surrounding  tissues,  diminishes  or  arrests  the  function  of  the  organ 
affected,  for  the  most  part  induces  amemia  of  high-grade  with  general 
marasmus,  and  (in  higher  grades)  is  never  curable. 

Lardaceous  degeneration  is  next  to  fatty  metamorphosis  the  most  im- 
portant and  most  frequent  degeneration.  Its  reaction  on  the  w hole  organ- 
ism is,  because  of  its  for  the  most  part  great  extension,  greater  than  that 
of  every  other  degeneration. 

Lardaceous  degeneration  occurs  oftenest  in  the  lymph-glands,  spleen, 
liver  and  kidneys.  Next  in  order  are  the  mucous  membrane  and  sub- 
mucous tissue  of  the  digestive  canal,  omentum,  and  supra-renal  glands. 
This  form  of  degeneration  is  more  rarely  found,  and  almost  always  in  much 
less  degree,  for  the  most  part  simultaneously  with  that  of  the  organs 
above  mentioned,  in  the  other  coats  of  the  digestive  tract  from  the  mouth 
to  the  anus,  in  the  pancreas,  in  the  mucous  membrane  of  the  bladder, 
in  the  prostate  gland,  in  the  uterus  and  vagina,  in  the  ovaries,  testicles, 
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heart,  in  the  vasa  vasorum  of  the  aorta,  in  the  small  veins,  in  the  thyroid- 
gland  ( struma  amyloidea ),  in  the  bronchi  and  lungs,  in  some  nerves,  in 
adipose  tissue ; in  blood-coagula.  Not  infrequently  fibrin-casts  also  are 
found  lardaceous  in  kidneys  affected  byr  lardaceous  degeneration. 

Lardaceous  degeneration  in  the  vessels  of  the  external  muscles  of  the  body  and  skin 
is  very  rare ; it  has  not  yet  been  observed  in  those  of  the  tones. 

The  order  in  which  the  various  organs  become  thus  affected,  has  not  yet  been 
accurately  determined.  Probably  in  suppuration  of  long  standing  the  lymphatics  are 
first  affected  and  then  the  remaining  organs.  It  is  likewise  unexplained,  why,  in 
coses  apparently  alike,  at  one  time  the  spleen,  liver  and  kidneys  are  affected  to  an 
almost  equal  extent,  while  at  another  time  one  or  another  of  these  organs  are  affected 
and  the  integrity  of  the  others  is  preserved. 


Slight  degrees  of  lardaceous  degeneration  cannot  he  perceived  by  the 
naked  eye.  Higher  degrees,  on  the  other  hand,  change  the  organs,  espe- 
cially the  liver,  spleen  and  kidneys,  less  the  lymph-glands  and  mucous 
membranes,  in  a characteristic  manner.  These  changes  consist  in  slight, 
moderate,  or  great  enlargement  of  the  organs,  with  preservation  of  the 
normal  shajie,  or  with  a thickening  of  th“ir  normally  sharp  borders  ; in  a 
peculiar  gray  or  pale-gray  coloring;  in  a homogeneous,  tolerably  dry, 
strongly  translucent  appearance,  ami  in  a tough,  doughy  consistence.  These 
conditions  belong  to  the  whole  organ  uniformly,  or  to  certain  parts  of  it 
chiefly;  <?.</.,  the  follicles  in  the  spleen,  the  cortical  substance  alone  in  the 
kidneys,  the  medulla  in  the  supra  renal  capsules,  etc.  The  blood  contents 
of  the  part  (as  well  as  of  the  whole  body)  are  diminished  almost  always  to 
a great  degree ; the  blood  flowing  out  of  the  larger  vessels  after  section  is 
mostly  bright  and  fluid.  The  organs  decompose  with  difficulty. 

rl  hese  peculiarities  are  obliterated  to  a greater  or  less  degree,  if  the 
organs  were  beforehand,  or  becomes  simultaneously  diseased  in  other  re- 
spects. The  most  frequent  changes  are  fatty  infiltration  and  fatty  meta- 
morphosis of  the  cellular  elements  (liver  and  kidneys),  hypertrophy  of 
connective  tissue  (kidneys,  etc.),  increased  blood-supply,  and  increase  of 
pigment  (various  organs). 

The  microscope,  or  the  reaction  by  sulphuric  acid  and  iodine,  is  employed 
to  recognize  lardaceous  degeneration  of  pa renchymafa,  in  its  lower  grades, 
as  well  as  that  of  membranous  organs,  or  of  conjunctive  tissue. 

Lardaceous  degeneration  is  characterised  microscopically,  by  more  or 
less  increase  of  the  diameters  of  the  tissues  affected;  hv  their  peculiarly 
light,  homogeneous,  dull  appearance,  and  characteristic  coloring  by  iodine 
and  sulphuric  acid;  and  by  the  fact  that  the  former  granular  condition  of 
the  cell -con tents,  as  well  as  the  nucleus,  cell- membrane,  etc.,  are  no  longer 
demonstrable. 

1 jmlaeeous  degeneration  affects  small  arteries  and  capillaries  oftenest, 
and  earlier  than  nil  other  tissues,  much  more  rarely  the  veins.  This  form 
ot  degeneration  is  at  once  most  characteristic  in  the  vessels.  The  diameter 
of  tlie  capillaries  is  doubler),  and  more;  no  nuclei  are  to  be  found  in 
tlioir  walls;  their  lumen  is  more  or  less  contracted,  not  infrequently  becom- 
ing entirely  closed.  Lardaceoua  degeneration  affects  the  small  arteries  in 
a similar  manner:  here  t he  intima,  with  the  endothelium  and  the  muscular 
coat.,  and  rarely  the  adventitia  also,  are  probably  affected  nearly  at  the  same 
time;  also  the  meinbrame  propria!,  «.</.,  the  urinary  tubules.  In  the  much 
more  rare  lardaceous  degeneration  of  cells,  as  of  glandular  cells,  nuclei  and 
(.cl  s ot  the  tissue  of  the  spleen  and  lymph-glands,  the  former  at  first  increase 
m diameter  and  are  more  granular ; thereupon  they  again  become  light, 
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homogeneous,  dull,  are  more  firmly  united  to  one  another  or  blend  together; 
the  nucleus  disappears,  or  is  no  longer  visible.  Finally,  the  cell  becomes 
transparent  and  bright,  and  is  very  brittle,  easily  breaking  up  into  smaller 
^f  ragments.  Lardaceous  degeneration  of  connective  tissue  is  still  in  ques- 
tion. 


Kyhkh  holds  with  Virchow  that  the  muscular  coat  in  small  arteries  is  the  chief 
seat  of  the  degeneration  ; but  in  many  organs  it  is  almost  as  often  the  intima.  Only 
in  the  omentum  has  Kyhku  found  a continuous  extension  of  the  degeneration  from 
the  small  arteries  through  the  capillaries  to  the  veins.  In  the  heart,  Kyhkr  found 
degeneration  of  the  endocardium,  also  of  the  anriculo-ventricular  valves,  as  well  as 
of  the  muscular  tissue  (rarely  of  the  substance  of  the  muscle  itself,  for  the  most  part 
Sic  ? of  the  sarcolemina).  Lardaceous  degeneration  often  affects  also  the  trunks  and 

large  branches  of  arteries  and  veins  : of  the  former  the  aorta  and  pulmonary  arteries 
to  the  greatest  extent  and  earliest,  besides  those  given  off  from  the  arch  of  the  aorta, 
never  those  beyond  the  axillary  and  common  carotid  arteries,  never  the  femoral.  In 
the  large  arteries,  the  middle  layers  of  the  intima,  single  groups  only  of  muscle-cells 
in  the  muscular  coat,  the  nutrient  vessels  in  the  adventitia  are  affected.  In  the  vena 
port, a;  and  hepatic  veins,  the  degeneration  is  often  general,  without  a single  hepatic 
capillary  being  affected. 

According  to  Armakkr-Hanskn  ( Beitr . z.  Aunt.  d.  Lyuvphdr. , 1871 ).  there  are  two 
kinds  of  amyloid  degeneration  of  t ie  lymph-glands  : in  the  one  the  bloodvessels 
chielly  degenerate,  in  the  other  the  sinus  (lymphatic  vessels  V).  The  spleen  shows 
the  same  relations.  In  ‘’sago-spleen”  only  the  parenchyma  of  the  arterial  sheaths 
(Malpighian  bodies  and  simple  eytogenic  sheaths)  is  lardaceous  ; the  parenchyma  of 
the  spleen  is  normal.  On  the  other  hand,  in  diffuse  lardaceous  spleen  the  latter  is 
lardaceous  : a thin  tunic  of  lardaceous  substance  is  first  shown  in  the  neighborhood 
of  the  capillaries  of  the  veins;  the  spindle-shaped  cells  lying  nearest  the  lumen  of 
the  veins  are  not  lardaceous  ; on  tin;  other  hand,  the  limiting  fibres  of  the  net-work 
and  the  intermediate  substance  are  lardaceous.  The  sheath  of  the  arteries  is  free, 
but  may  later  also  become  degenerated.  (Kybkr,  Arch.  f.  inter.  Anat.,  187”,  VIII., 
p.  568.) 

Rokitansky  (7/di.,  1855.  I.,  p.  320),  as  well  as  Lamrl  and  Neumann  (1.  c.),  found 
lardaceous  degeneration  also  in  the  muscular  elements  of  the  intestinal  wall,  and  in 
the  muscular  substance  of  the  villi,  in  the  muscular  is  mucosa,  and  in  the  proper 
muscular  coat  of  the  intestines.  The  muscle  fibres  become  broader,  their  nucleus 
indistinct,  and  they  appear  to  blend  together,  and  easily  break  up  into  irregular 
flakes. 

HayEM  (Gaz.  mid.  de  Par..  1866,  No.  0)  found  amyloid  degeneration  also  in  con- 
nective tissue,  and  very  rarely  iu  fat-cells.  According  to  Kybkr,  the  degeneration 
affects  the  fat-tissue  between  the  fat-lobules  and  the  septa  between  the  fat-cells, 
sometimes  only  the  nuclei,  sometimes  also  the  fibres  ; also,  according  to  Haykm,  the 
membrane. 

The  lymphatic  vessels  in  the  vicinity  of  capillaries  which  have  suffered 
lardaceous  degeneration,  are  for  the  most  part  strongly  contracted ; the 
gland-cells,  if  they  are  not  themselves  degenerated,  show  all  grades  of  simple 
atrophy  to  complete  disappearance,  partly  in  consequence  of  diminished  or 
wholly  interrupted  supply  of  arterial  blood,  partly  in  consequence  of  com- 
pression. 

The  reaction  of  the  material  of  lardaceous  degeneration  is  especially  char- 
acteristic. Degenerated  parts,  cleaned  as  far  as  possible  of  blood,  receive 
a peculiar  brownish-red  color  (like  mahogany)  by  iodine  (solution  of  iodine 
in  water,  or  diluted  tincture  of  iodine,  or  solution  of  iodide  of  potassium), 
while  parts  not  degenerated  are  colored  yellow.  After  the  addition  of 
dilute  or  concentrated  sulphuric  acid,  they  immediately  or  after  minutes 
and  hours,  receive  a violet,  rarely  a blue  color,  which  then  either  remains 
unchanged  for  hours  and  weeks,  or  after  a short  time  again  disappears. 
The  reaction  on  the  fresh  organ  affords  to  the  naked  eye  a dark  violet  or 
black  color.  If  the  parts  are  mixed  with  the  usual  albuminate,  there  ap- 


AMYLOID  DEGENERATION. 


325 


pears  a bluish-green  or  green  color.  (Sometimes  the  reaction  succeeds  only 
after  repeated  trials.)  The  remaining  reactions  afford  nothing  worthy  of 
note;  water  leaves  the  lardaceous  substance  unchanged  ; acetic  acid  diluted 
has  no  effect ; concentrated,  it  causes  the  substance  to  somewhat  swell  up  ; 
concentrated  alkalies  dissolve  it;  alcohol  and  ether  are  without  effect. 

While  iodine  and  sulphuric  acid  are  usually  necessary  to  bring  out  the  character- 
istic color  of  the  lardaceous  substance,  FlUEDRBien  describes  a case  where,  after  the 
addition  of  iodine  alone  in  the  spleen  affected  by  lardaceous  degeneration,  in  the  pulp 
as  well  as  in  the  follicles,  there  arose  a deep  blue  or  violet  blue  color,  which  caused 
Fit.  to  assume,  besides  the  amyloid,  an  amylous  tumor  of  the  spleen. 

With  respect  to  the  nature  of  lardaceous  degeneration,  it  was  believed  that  the 
combination  of  lardaceous  substance  could  be  recognized  by  the  reaction  by  iodine 
and  by  iodine  and  sulphuric  acid,  although  the  disease  had  for  a long  time  been 
called  albuminous  obstruction,  albuminoid  infiltration.  The  English  called  it  waxy 
degeneration ; Bcnn,  colloid  degeneration  ; Meckel,  on  account  of  the  similarity 
of  the  reaction,  etc.,  cholesterin  degeneration;  Virchow  introduced  successively 
the  names  cellulose  degeneration,  lignification.  and  amyloid  degeneration;  O.  Weber 
calls  the  disease  vitreons  swelling,  or  hyaloid  degeneration,  or  hyalinosis. 

Most  of  these  names  and  theories  have  been  shown  to  be  untenable,  since  two  ele- 
mentary analyses,  made  by  different  chemists  on  different  lardaceous  organs,  led  to 
an  altogether  unexpected  disclosure.  Kekcll's  investigations  on  a lardaceous  spleen 
of  highest  grade  showed  : that  it  contained  a considerable  quantity  of  cholesterin, 
but  that  the  latter  is  not  the  cause  of  the  reaction  by  iodine  and  sulphuric  acid  ; that 
it  contains  no  body  similar  in  a chemical  point  of  view  to  starch,  or  cellulose  ; that 
the  agreement  of  the  combinations  of  this  substanee  with  albuminous  substances  is 
so  great  that,  as  in  a body  of  a kind  which  does  not  allow  of  an  absolute  clear  repre- 
sentation, it  ia  only  possible  that  lanlace<iua  substances  are  peculiarly  modified  and 
changed  albuminoid  materials.  According  to  C.  Schmidt’s  analysis,  made  likewise 
on  a lardaceous  spleen,  the  amyloid  is  not  a hydro-carbon  free  from  nitrogen,  but 
a nitrogenous  albuminate. 

Lardaceous  degeneration  is  most  probably  a retrograde  metamorphosis  of  albumi- 
nates. the  lardaceous  substance  is  probably  an  intermediate  step  between  the  latter 
and  fat  and  cholesterin.  There  arc  perhaps  many  such  intermediate  steps.  The 
nitrogenous  contents  of  lardaceous  substance  only  show  that  nitrogen  is  present,  but 
they  do  not  show  that  it  is  in  form  of  an  alburn  incus  body.  MECKEL’S  investigations 
showed  the  abundance  of  cholesterin. 

ItcDNKh’K  ami  KCH.SK  freed  lardaceous  substance  from  all  fixed  albuminous  matters, 
by  digesting  It  with  artificial  gastric  juice,  until  the  latter  no  longer  took  up  peptone 
at  40  C.  Accordingly,  its  composition  also  agrees  with  that  of  albumen,  but  shows 
some  opposing  reactions.  Its  composition  appears  more  essentially  complicated  than 
that  of  albumen. 

Dickinson  {AM.  Time*  and  Oat.,  1868,  No.  951)  found  in  comparative  investiga- 
tions of  healthy  livers  and  those  with  lardaceous  degeneration,  that  the  latter  was 
decidedly  poorer  in  alkaline  salts  than  the  former.  The  average  loss  amounted  to 
almost  a fourth  of  the  normal  quantity  of  saline  ingredients.  From  this  and  on 
account  of  the  .etiology  of  lardaceous  disease,  D.  concludes  that  it  consists  essentially 
only  in  a want  of  alkalies  in  the  tissues. 

Whether  lardaceous  substance  arises  by  metamorphosis  of  common  protein  sub- 
stiuioes,  or  whether  it  is  deposited  in  consequence  of  a metastasis,  has  not  as  yet  been 
determined.  Rindklkiscu  includes  the  degeneration  among  the  so-called  infiltra- 
tion-states : an  albuminous  body  of  the  nutritive  liquid  is  detained  on  its  way  through 
the  tissues  and  is  excreted  in  solid  form.  To  this  is  referred  also  the  early  disease  of 
the  smallest  arteries  and  capillaries. 

IV  ith  as  great  difficulty  can  it  be  decided  whether  lardaceous  substance,  reacting  in 
a similar  manner  with  iodine  and  iodine  and  sulj»huric  acid,  is  analogous  to  a sub- 
stance occurring  in  the  cells  and  basis  substance  of  many  cartilages  (ViRCIlow), 
especially  often  of  the  tracheal  cartilages  (Kyber),  of  the  cartilages  of  a spheno- 
occipital ecchondrosig  (Klebs),  as  well  as  in  old  fibrinous  coagula  (FRIEDREICH). 
Lardaceous  substance  has  probably  nothing  in  common  with  the  corpora  amylacta , 
colored  blue  by  iodine  alone,  with  peculiar  bodies  which  Virchow  found  in  the 
vessels  of  the  retina  and  gall-bladder,  with  myelin,  etc. 

Diseases,  in  consequence  of  which  lardaceous  degeneration  appears,  are 
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almost  always  those  in  which  suppurations  of  long  duration  occur  in  the 
bones  or  soft  parts,  for  the  most  part  with  evacuation  of  the  pus  and  debris 
of  tissues ; at  the  time  of  death  pus  is  for  the  most  part  still  flowing,  some- 
times it  has  been  dried  up  for  years.  The  primary  affections  here  are, 
chiefly:  caries  of  one  or  more  bones,  chronic  ulcerous  tuberculosis  of  t ho 
lungs,  often  with  chronic  ulcerous  tuberculosis  of  the  intestines;  more 
rarely  chronic  ulcers  of  the  soft  parts,  especially  simple  or  tuberculous  ulcer 
of  the  intestines,  simple  cutaneous  ulcers,  chronic  syphilitic  ulcers  of  the 
skin  or  intestinal  canal,  urinary  fistula?  of  long  duration,  chronic  psoas 
abscesses,  bronchiectasis,  chronic  pyelitis,  ulcerating  carcinomata,  etc. 
Much  more  rarely  is  lardaceous  degeneration  found  in  consequence  of  con- 
stitutional syphilis  w ithout  long-continuous  suppuration,  as  well  as  in  con- 
sequence of  exhausting  diarrhoeas  without  intestinal  ulcers.  Finally,  it 
occurs  very  rarely  in  constitutional  syphilis  without  suppuration  (also  here- 
ditary), in  leucocytluemia,  typhoid  fever,  in  rachitis,  obstinate  malarial 
fevers,  organic  diseases  of  the  heart.  It  lias  been  observed  primarily  only 
in  the  form  of  so-called  Bright’s  disease. 

Lardaceous  degeneration  is  in  the  greater  number  of  cases  a chronic  dis- 
ease, sometimes  extending  through  many  years,  as  it  certainly  follows  from 
clinical  observation.  In  many  rarer  cases  the  duration  is  much  shorter, 
lasting  even  only  one  or  few  months.  The  causes  of  lardaceous  degenera- 
tion have  not  as  yet  been  disclosed. 

Many  of  our  own  observations,  as  well  as  the  three  made  by  COHNHEIM  ( Vireh. 
Arch.,  1872,  LIV.,  p.  271),  indicate  that  lardaceous  degeneration  maybe  developed 
in  4-0  mouths. 

The  consequences  of  lardaceous  degeneration  are  on  this  account  with 
greater  difficulty  determined,  since  it  arises  primarily  with  extreme  rarity, 
since  the  consequences  of  the  primary  affection  and  those  of  the  lardaceous 
disease  are  in  part  the  same,  and  since,  finally,  lardaceous  degeneration  of 
the  vessels  in  glandular  organs  is  followed  by  secondary  aflections  of  the 
glandular  epithelium  (simple  atrophy  and  fatty  metamorphosis).  They  are 
especially  diminution  of  arterial  blood-supply,  and  diminished  or  wholly 
suspended  normal  transudation,  as  well  as  the  effects  of  pressure  of  the 
thickened  vessels  on  the  circumjacent  lymph-capillaries  and  gland-cells.  1 he 
consequences  of  lessened  nutrition  attract  but  little  attention,  with  the 
exception  of  individual  organs,  as  of  the  intestine,  very  rarely  also  of  the 
liver,  where  in  consequence  of  lardaceous  degeneration,  peculiar  so-called 
lardaceous  ulcers  arise.  Lessened  nutrition  is,  however,  followed  farther  on 
by  diminished  function.  This  becomes  the  more  striking,  as  lardaceous 
degeneration  especially  aflects  glandular  organs.  1 he  disturbances  of  func- 
tion consist  partly  in  interrupted  blood-formation  (in  lardaceous  disease  of 
the  liver,  spleen,  lymph-glands,  intestinal  mucous  membrane),  and  from 
this,  in  ansemia,  hydnemia,  marasmus,  dropsy;  they  are  partly  disturb- 
ances of  specific  function,  6.g.,  of  the  liver,  kidneys,  intestinal  mucous 
membrane,  but  which  clinically  are  as  yet  but  little  known. 


Lardaceous  degeneration  limited  locally  has  been  observed  but  a few  times : in 
cartilage,  also  in  new-formed  tissues  (Virchow),  iu  lymph-glands  (Bii.i.roiii),  in 
mesenteric  glands  after  typhoid  fever  ( IIlRSCii fli.D),  in  a soft  connective  tissue 
tumor  of  the  lowrer  eyelid  (Kybeh,  1.  c.,  p.  111).  LlNDWURM  and  Bmil  (ZUchr. 
f.  rat.  Mol,,  ih<)2,  XIV.,  p.  257)  observed  hypertrophy  and  ulceration  ok  the 
skin  WITH  amyloid  DEGENERATION  in  a nuu  fifty-four  years  old.  the  skin  of  the 
whole  body  had  been  affected  about  thirteen  years.  I he  affection  resembled  pity- 
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riasi*  rubra,  lichen  ruber,  ichthyosi*  hystrix  cornea,  ichthyosis  simplex  ; the  surface 
of  the  body  Lore  50-60  ulcers.  Not  only  the  latter,  but  also  the  entire  skin  were 
painful.  (See  also  Kyber’s  cases,  1.  c.,  p.  134.) 

Hay  km  (1.  c.)  saw  amyloid  degeneration  in  the  intestinal  canal  extend  through  the 
whole  thickness  of  the  wall,  corresponding  especially  to  the  follicles,  so  that  finally 
then'  appeared  amyloid  erosions  and  ulcerations.  According  to  Colberg  {!).  Arch. 
/'.  Alin.  Med.,  1807,  XL,  p.  478).  ulcers  without  any  combination  with  tuberculosis, 
often  occur  in  amyloid  intestinal  mucous  membrane.  They  begin  on  the  summit 
of  the  villi,  dependent  upon  mechanical  irritation  of  the  ingesta,  especially  if  the 
latter — in  simultaneous  lardaceous  degeneration  of  the  kidueys — are  mixed  with 
nrinous  products  of  decomposition. 

Bent,  i Lnngenenlz,  etc.,  1872,  p.  59)  describes  a lardaceous  cirrhosis  of  the  lungs; 
the  capillaries  and  smallest  arteries  are  degenerated,  the  interlobular  connective 
tissue  is  thickened  by  cell-growth. 

The  termination  of  lardaceous  disease  in  its  higher  grades,  which  only 
are  to  lie  diagnosticated  with  certainty,  is  with  rare  exceptions  fatal. 
Slight  degrees  of  it,  on  the  other  hand,  which  almost  entirely  escape  recog- 
nition, may  doubtless  be  CUBED,  with  the  removal  of  the  cause,  «.</.,  of 
ulcerous  secondary  syphilis.  The  kind  and  manner  of  cure  is  wholly  un- 
known. 


The  following  points  serve  for  the  diagnosis  of  lardaceous  disease  in  general : I. 
with  respect  to  the  causative  disease  (ruit  supra) ; 2.  the  enlargement  of  the  liver 
and  spleen,  as  well  as  that  of  the  lymph-glands  and  kidneys,  which  is  rarely  demon- 
strable ; 3.  the  symptoms  of  anremia.  wasting  and  cachexia,  which  in  its  long  dura- 
tion are  rarely  absent ; 4.  dropsy  of  the  lower  extremities,  which  is  seldom  absent, 
as  well  as  general  dropsy,  which  occurs  m almost  half  of  the  cases;  5.  the  absence 
of  other  causes  of  congestion.  On  account  of  lanlaceons  degeneration  of  the  kid- 
neys occurring  mostly  at  the  same  time,  the  urine  usually  exhibits  characteristic 
changes,  so  much  the  more,  if  other  renal  disorders,  especially  those  dependent  upon 
affections  of  the  heart,  may  have  been  excluded  ; the  urine  for  the  most  part  has 
an  increased  specific  gravity,  its  coloring  matter  is  greatly  increased  ; the  urine  is 
clear  and  mostly  albuminous,  but  the  albumen  occasionally  disappears ; it  contains 
probably  characteristic  casts ; the  quantity  of  the  urine  is  at  first  usually  increased, 
hut  later  diminishes  (Tkai  be,  Uoskxst fin,  and  others).  Finally,  abundant  watery 
diarrhosic  stools  occur  on  account  of  the  frequent  simultaneous  existence  of  intestinal 
ulcers,  as  well  ns  on  account  of  the  often  present  lardaceous  degeneration  of  the 
vessels  of  the  intestinal  mucous  membrane. 


CORPORA  AMYLACEA,  AND  LAMINATED  AMYLOID  BODIES. 


Purkinje,  firr.  ub.  d.  Prog.  Verh.  d.  Xaturf.,  1837. — Virchow.  Arch.,  VI.,  pp. 
135  u.  416. — Bonders.  Xtdcrl.  fame.,  1854,  I.,  24. — Friedreich,  Ytrch.  Arch., 
1856,  IX.,  p.  613;  X.,  pp.  201  and  507. — Paclizky,  lb.,  XVI.,  147. 

Corpora  amylacea  are  commonly  ranked  with  lardaceous  degeneration, 
although  they  have  nothing  in  common  other  than  in  part  the  reaction 
with  iodine,  or  with  iodine  and  sulphuric  acid.  But  they  are  probably  also 
nitrogenous. 

lhe  bodies  mentioned  are  very  small,  or  macroscopieal,  round,  oval 
or  irregular,  homogeneous  or  concentrically  laminated,  in  varying  number 
and  regularity,  dull  bodies.  Most  of  them  become  blue  or  bluish-gray  by 
iodine  alone,  or  receive  a beautiful  blue  coloring  by  the  addition  of  sul- 
phuric acid  ; many,  in  consequence  of  a combination  with  more  nitro- 
genous substances,  become  only  green,  others  finally,  only  brown  or  yellow. 
Hut  water,  as  well  as  caustic  alkalies,  gradually  dissolve  these  little 
IkkIiuk,  while  alcohol  and  ether  effect  no  change.  Their  transformation 
into  sugar  has  not  yet  been  accomplished.  The  laminated  amyloid  bodies 
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of  tlie  prostate  often  contain  in  the  centre  cells  or  nuclei,  or  forms  similar 
to  these,  those  of  the  lungs  often  particles  of  carbon,  or  blood-corpuscles. 

Corpora  amylacea  are  most  frequent  in  the  nervous  system,  and  above 
all,  where  the  so-called  neuroglia  is  found,  especially  also  in  the  ependyma 
of  the  ventricles,  especially  if  this  is  thickened,  in  the  white  substance  of 
the  brain  (in  chronic  mental  diseases,  atrophy  of  the  brain,  etc.),  in  the 
same  parts  of  the  spinal  cord  (in  high  degree  in  the  so-called  tabes  dorsalis), 
in  the  pituitary  body,  in  the  choroid  plexus,  in  atrophic  nerves  of  every 
kind,  especially  in  the  optic  nerve,  and  in  the  retina;  also  in  the  prostate, 
where  they  reach  their  greatest  volume,  since  here  many  such  bodies  often 
have  a common  envelope,  as  well  as  in  the  urino-genital  mucous  membrane; 
finally  in  the  lungs,  in  the  gall-bladder,  and  in  rare  cases  in  many  epithelia 
of  mucous  and  serous  membranes,  in  cicatrices  of  the  skin,  in  the  interior 
of  phloboliths,  in  osteomalacial  bones,  in  pus,  in  cellular  new-fornmtions, 
e.//.,  cancers. 

Almost  regular,  distinct,  concentrically  laminated,  otherwise  little  changed  carti- 
lage-cells, which  by  iodine  receive  a beautiful  rose-red  or  h:df-violet  color,  are  found 
in  the  cartilages,  especially  the  intervertebral,  more  rarely  in  other  articular  carti- 
lages, during  the  changes  of  old  age  and  in  caries.  (Loschka,  VlBCHow.) 

Corpora  amylacea  for  the  most  part  show  no  further  changes;  sometimes 
they  become  calcified,  even  to  so  great  an  extent  that  in  the  nervous  sub- 
stance stony  masses  of  varying  size  appear;  these,  in  the  prostate,  are 
sometimes  colored  brown  or  black. 

In  the  brain  of  an  old  epileptic  and  imbecile  man.  I found,  near  the  posterior  horn 
of  the  lateral  ventricle,  an  irregularly  rounded  body,  of  stony  hardness,  of  the  size 
of  a cherry,  with  a rough  surface  like  sandstone,  and  near  this  a body  partly  of  the 
hardness  of  stone,  partly  of  less  firm  consistence,  of  the  size  of  a bean.  These  con- 
sisted of  large,  round  or  oval,  concentrically  laminated  formations,  which  were  com- 
pletely calcified.  All  the  surrounding  vessels  were  to  a great  degree  calcified  ; the 
substance  of  the  brain  here  contained  numerous,  for  the  most  part  large  corpora 
amylacea,  surrounded  by  a substance  rich  in  nuclei,  and  homogeneous,  or  indistinctly 
fibrous. 

The  origin  of  corpora  amylacea  is  always  the  consequence  only  of  a 
local,  never  (like  lardaceous  degeneration)  of  a general  affection.  These 
bodies  are  probably  not  the  causes  of  atrophy,  but  only  consequences  of  it. 
Their  more  intimate  relations  are  unknown. 


MYELIN. 

Myelin  is  a body,  like  the  medulla  of  nerves,  arising  mostly  from 
nerve-substance,  and  which  is  characterized  especially  by  its  peculiar  forms 
and  peculiar  dull  lustre.  It  exists  most  often  as  simple  formations  of 
various  size,  round,  oval,  filamentous,  knot-  or  club-like,  etc.,  but  for  the 
most  part  with  double  contour,  sometimes  concentrically  striated. 


Myelin,  discovered  by  Vrncnow  (Arch.,  1854,  VI.,  p.  5G2 ; VIII.,  p.  114).  as  it  is 
observed  in  the  microscopical  examination  of  tissues,  shows  the  following  chemical 
properties : It  swells  up  greatly  in  water.  Hot  alcohol,  ether,  chloroform,  oil  of 
turpentine  easily  dissolve  it.  Weak  acids  and  alkalies  exert  no  etfoct ; strong  alka- 
lies cause  it  to  shrivel  somewhat,  and  later  to  assume  its  characteristic  appearance ; 
strong  acids,  especially  concentrated  sulphuric  acid,  cause  it  to  swell  up  still  more, 
and  later  destroys  it.  * Chromic  acid,  in  strong  concentration,  makes  it  yellow,  hard 
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and  stiff ; tincture  of  iodine  imparts  a faint  iodine-brown  color.  Sulphuric  acid, 
concentrated,  colors  it  red,  sometimes  violet.  With  concentrated  solutions  of  salt, 
it  shrivels  up. 

These  reactions  of  myelin  (swelling-  and  peculiar  forms)  proceed  not  from  nude- 
composed  nerve  medulla,  and  not  even  from  one  single  substance.  O.  Lieuheicii 
( Virdt  Arch.,  XXXII.,  p.  387 i Bhowed  that  neither  protagon  (C;J  II:<1XP01(),  nor 
one  of  its  products  of  decomposition  (glycerine-phosphoric  acid,  fatty  acids,  neurin) 
arising  from  the  action  of  alkalies  furnish  of  themselves  myelinic  forms,  but  that 
these  are  beautifully  obtained  by  the  addition  of  an  alkali  (neurin,  pot  assn,  soda, 
etc.)  to  a mixture  of  protagon  and  fatty  acids  (thus  pentagon  in  the  presence  of  a 
soil)))  ; a product  of  decomposition  (free  from  phosphorus)  arising  by  boiling  protagon 
(containing  phosphorus)  with  hydrochloric  acid,  furnishes  with  the  same  treatment 
the  same  myelinic  forms.  Also  11.  Kohler  (lb,  XU.,  p.  285),  who  in  his  investi- 
gations of  brain  substance  arrived  at  other  conclusions  -than  L.,  found,  that  no  ele- 
ment of  the  brain  in  the  undocom posed  and  pure  state  in  water,  assumes  myelinic 
fonns ; on  the  other  hand,  the  product  of  decomposition  described  by  him  as  neurol 
acid  .11  1*0  ,).  and  bis  myelo-margarin  (C,,H  r.Oia),  if  it  is  contaminated  by 
cholesterin,  swell  up  on  the  addition  of  water  in  the  form  of  mvelin.  The 
chemical  nature  of  both  substances  is  moreover  not  yet  sufficiently  established. 
Since  now.  according  to  Diakonow,  protagon  is  a mixture  of  lecithin  iC-  II,  XPO, ,) 
witli  cerebrin,  and  lecithin  with  water  assumes  the  form  of  uiyeline,  so  the  reac- 
tions of  myelin  may  depend  upon  either  lecithin  or  decomposed  protagon.  .More- 
over, Bknekk  has  shown  that,  a solution  of  cholesterin  in  soap,  and  Netbackr, 
that  oleic  acid  furnish  myelin  forms  by  the  addition  of  ammonia;  the  protagon  of 
Liehhkicu,  which  in  contact  with  a soap  showed  myelin  forms,  was  free  from 
cholesterin. 

Bciil.  ( Lungenentz,  etc.,  1872,  pp.  51  and  describes  a myelinic  degeneration  of 
the  epithelium  of  the  lungs  in,  by  him  so-called,  desquamative  pneumonia. 


f.  COLLOID  METAMORPHOSIS. 

Colloid  me  tamorphosis  consists  in  the  transformation  of  tissues  into  a 
completely  homogeneous,  colorless  or  faint  yellow,  dull,  translucent,  some- 
times fluid  or  soft-like  glue,  sometimes  more  solid,  but  always  easily  fragile 
substance,  which  mostly  dissolves  in  cold  and  hot  water,  for  the  most  part 
not.  in  alcohol  and  ether,  in  caustic  alkalies,  and  is  not  changed  bv  acetic 
acid,  and  iodine  anti  sulphuric  acid.  The  substance  formed,  so-called 
colloid,  is,  like  lardacixms  matter,  a MODIFIED  (with  hydrocarbon) 
PROTEIN-Bl' bstaH< 'E  (albuminate  of  soda).  It  lias  not  a single  positive 
character : it  is  distinguished  from  albumen  by  its  insolubility  in  acetic 
acid,  from  mucus  by  the  extent  of  coagulation  with  acetic  acid,  from  larda- 
ceous  substance  by  the  want  of  color  with  iodine  and  sulphuric  acid. 

According  to  ElcntWAi.D  ( Wurzb.  >W.  Zt*chr..  1804,  V.,  p.  270),  colloid  is  modi- 
fied mucous  substance,  since  its  reactions  gradually  pass  into  those  of  true  mucous 
substance.  The  material  of  colloid  globules,  mucin,  colloid  matter,  and  m noons 
peptone  are  distinguished  almost  only  by  the  varying  ease  with  which  they  pass  from 
u soft  to  a liquid  state:  they  are  dissolved  by  dilute  alkalies,  but  are  restored 
by  acids;  they  are  soluble  in  mineral  acids;  like  all  protein  substances  they  are 
precipitated  by  alcohol,  they  furnish  Millon’s  test.  etc.  According  to  Hchkhkji 
(lind.,  ISM,  \ II.,  p.  ( > ) mucin,  metalbumen,  and  colloid  substance  stand  in  a similar 
relation  to  one  another,  as  casein,  albumen  and  fibrin.  Dissolved  mucin,  like  s-'lnble 
casein,  is  always  combined  with  alkalies  and  is  precipitated  by  acids  from  these 
combinations.  Others  hold  colloid  to  be  albumen,  which  has  become  insoluble  in 
acetic  acid,  on  account  of  the  presence  of  considerable  quantities  of  chloride  of 
sodium.  ^ According  to  SciiEREK’s  older,  and  Obolensky's  (Arch  f.  d.  gc*.  Phy» ., 
ISl,  1\.,  p.  A{(1|  more  recent  investigations,  mucin  from  the  fluid  of  cysts,  like 
that  from  the  submaxillary  glands,  contains  C,5,  IT,  N„,  0„. 

Colloid  metamorphosis  atfects  cells  chiefly,  especially  epithelial  cells; 
more  rarely  other  parts  of  tissues,  esjiecially  muscle-fibres. 
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1.  Colloid  metamorphosis  of  cells. 

Microscopically,  the  cell  either  is  in  its  entire  mass  bright,  since  under 
simultaneous  enlargement  there  appears  a bright  homogeneous  substance 
in  place  of  the  granular  contents.  Or,  there  is  formed  in  the  granular 
cell-contents  bright,  sometimes  faintly  violet,  homogeneous,  round  points, 
which  gradually  become  larger,  press  the  granular  cell-contents  to  the 
periphery,  finally  reach  the  latter  itself,  waste  it  and  thereafter  es- 
cape. Or  there  arise  many  such  points,  which  later  coalesce  within  the 
cell.  The  cell-nucleus  is  thereby  either  simply  atrophied,  or  undergoes 
fatty  degeneration.  Finally,  colloid  metamorphosis  rarely  begins  in  the 
nucleus,  which  then  gradually  becomes  larger,  bright,  homogeneous,  reaches 
the  cell-membrane  and  causes  it  to  disappear.  In  all  cases,  the  cell  is  de- 
stroyed by  this  metamorphosis.  The  colloid  is  at  first  for  the  most  part 
fluid,  and  then  coalesces  with  the  same  substance  having  its  origin  in  other 
cells.  It  is  more  rarely  solid  when  it  leaves  the  cell,  and  then  remains 
always,  wholly  or  in  part  isolated  : there  arise  the  so-called  colloid  masses, 
or  colloid  granules,  i.e.,  for  the  most  part  flat,  homogeneous  masses  of 
varying  size,  and  of  rounded,  or  round  and  pointed,  or  entirely  irregular 
form. 

Yet  other  colloid  formations  often  occur.  These  are  slightly  or  much,  regularly 
or  irregularly  concentrically  laminated ; sometimes,  besides  a central  concentric 
stratification,  or  without  it  peripherically,  they  show  a radiating  striation,  whereby 
the  surface  is  regular  or  bristling  in  the  direction  of  the  radii;  sometimes  radiations, 
far  from  or  close  to  one  another,  pass  regularly  from  the  centre  to  the  periphery. 
Sometimes  all  these  formations  are  surrounded  by  a common  enveloping  mass. 

A fatty  metamorphosis,  simultaneously  with  colloid  metamorphosis,  is  also  not 
infrequently  found  in  the  same  cells,  sometimes  with  cholesteriu  formation,  or  cal- 
cification, or  a filling  with  diffuse  or  granular  pigment. 

The  occurrence  of  colloid  metamorphosis  of  cells  affects  normal  as  well 
as  pathological  tissues:  especially  the  thyroid  gland  and  choroid  plexus. 
Their  slight  grades  are  recognizable  only  through  the  microscope.  In 
higher  grades,  it  causes  an  enlargement  of  the  tissues,  antemia  of  them, 
and  filling  with  a substance  like  fluid  glue  or  boiled  sago,  uniformly  dis- 
tributed or  inclosed  in  cyst-like  spaces. 

The  consequences  of  colloid  degeneration  of  the  cells  are  mostly  slight, 
since  they  usually  give  rise  to  only  moderate  swelling  of  the  affected  parts. 


In  the  thyroid  gland,  where  the  epithelial  follicles  are  the  seat  of  this  metamor- 
phosis, the  follicles  become  enlarged  to  a varying  extent,  remain  so  permanently, 
or  coalesce  after  atrophy  of  the  stroma.  The  metamorphosis  affects  normal,  as  well 
as  new-formed  tissue  of  the  thyroid  gland,  and  gives  rise,  especially  in  the  latter,  to 
the  sometimes  very  large  examples  of  so-called  GOITRE  ( xtnnna  lymphntka  s.  col- 
loirles  .s’.  yelatinoMi).  According  to  Vmcnow,  on  the  other  hand,  colloid  of  the  thy- 
roid gland  does  not  have  its  origin  in  the  gland- cells,  but  in  the  free  fluid  of  its 
follicles,  in  the  contents  escaped  or  become  free  by  destruction  of  the  cells.  It  is 
formed,  when  these  substances  are  brought  into  contact  with  a large  quantity  of 
soda  or  salt.  V.  distinguishes  two  modifications  of  it : one  is  dissolved  in  a large 
quantity  of  water  and  behaves  in  this  solution  like  an  alkaline  solution  of  albumen  ; 
the  other  is  not  wholly  soluble  even  in  boiling  water,  not  even  in  acetic  and  hydro- 
chloric aciils,  becomes  Violet  by  the  latter,  completely  solid  by  alcohol.  Both  forms 
mav  be  artificially  represented,  if  large  quantities  of  salt  be  added  to  a fluid  which 
contains  albuminate  of  soda  (i.e.,  albumen,  which  is  soluble  by  caustic  or  carbonate 
of  soda).  Colloid  or  gelatinous  granules  are  therefore  concretions. 

The  epithelial  cells  of  mucous  aud  serous  membranes  likewise  sometimes  suffer 
colloid  degeneration.  The  simple  pouched  and  lobulated  glands,  especially  of  the 
uterine  cervix,  prostate  and  lips,  tho  urinary  tubuli  and  Malpighian  bodies  of  the 
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cortex  of  the  kidneys,  the  anterior  lobes  of  the  pituitary  body,  and  the  cortex  of 
the  supra -renal  capsules,  for  the  most  part  in  less  degree  numerous  other  glands, 
become  by  colloid  degeneration  of  their  epithelium  transformed  into  so-called  col- 
loid cysts.  (See  Cyst-formation.) 

In  Arch.  d.  Ilcilk.,  VIL,  p.  4G3,  I communicated  a peculiar  case  of  colloid  de- 
generation of  the  sebaceous  glands  of  the  face,  so-called  colloid  milium  of  tiie 
skix.  Slavjansky  ( Virch.  Arch.,  LI.,  p.  470)  describes  a colloid  metamorphosis  of 
the  membrana  granulosa,  whereby  the  ovum  was  finally  covered  by  a homogeneous 
shining  mass. 

The  CHOROID  plexus  is  transformed  by  colloid  metamorphosis  of  their  connec- 
tive-tissue cells  by  new  formed  nuclei,  into  the  known  aggregations  of  colloid  cysts. 

Colloid  metamorphosis  is  sometimes  found  in  the  endothelium  of  the  blood- 
vessels. Wkdl  ( Wien.  Acad.-Ber .,  In >4.  XLVIII.)  also  descriltes  in  the  walls  of 
small  vessels  colloid  deposits,  which,  free  externally,  are  prominent  on  the  surface, 
or  are  surrounded  by  a capsule.  Rokitansky  t Lehrb  , p.  47*2 ),  Arndt  ( IVrcA.  Arch. , 
1808,  LI.,  p.  401).  Magnan.  transl.  by  Eulknmeyek  (Arch.  d.  d.  lies.  f.  Psych. , 
1871,  XVII.,  p.  3(18)  describe  peculiar  ‘‘colloid”  degeneration  of  the  cerebral  vessels 
in  general  paralysis. 

Neumann  (iiitzysbcr.  d.  Wien.  Acad..  1SG9.  LIX.  ; AUg.  117*71.  nud.  Z..  1870,  No. 
32)  describes  a colloid  degeneration  in  the  cutis  of  old  people:  its  fibrous  bundles 
become  wholly  invisible  and  replaced  by  a homogeneous  coagulated  mass  like  glue. 
Nerves  and  vessels  appear  to  be  entirely  destroyed.  A somewhat  similar  thing  was 
found  by  X.  in  elephantiasis  Gracorum, 

Probably  a series  of  peculiar  formations,  not  infrequently  occurring,  which  have 
many  things  in  common  with  colloid  masses,  do  not  belong  to  colloid:  t.g.,  in  the 
ganglion-cells  of  the  retina,  in  those  of  the  brain  substance,  etc. 

Concerning  colloid  metamorphosis  of  NEW- formed  cells,  see  below. 

St  iiRANT,  Tijdschr.  d.  NedcrL  Maatsch. , 1852,  et  Arch.  f.  phys.  Ilcilk.,  IX,;  Arch, 
f.  d.  hoU.  licit. r.  zur  Natur-  v.  Heilk.,  1858,  I , p Hit). — Luschka.  Arch.  f.  phys. 
Ilcilk. , 1854.  p.  9. — Virchow,  Wn rib.  I \ rh. , II.  ; l 'liters,  iih.  d.  Entirickelung  d. 
Midddgriuahs,  1*57 ; 1H<  krankh.  Geschw.,  III.,  p.  2. — K.  Wagner,  Arch.  f. 
physiol,  ll.i Ik.,  1858,  XV.,  p.  100.— Haeckel,  Virch.  Arch.,  1859,  XVI.,  p.  253.— 
UiNDFLKiscir,  Lchrh.  d.  pathoL  line.,  1*71.  pp.  24  u.  30. — Neumann,  Arch.  d. 
H<Uk.,  1808,  IX.,  p.  864. 


2.  Colloid  metamorphosis  ok  muscles. 

Colloid  metamorphosis  of  transversely  striated  muscle-fibres  is  for  the 
most  part  acute,  seldom  chronic:  constant  in  typhoid  fever,  especially  in 
the  adductors  of  the  thigh,  abdominal  recti,  diaphragm,  in  less  degree  in  the 
greater  thoracic,  in  other  muscles;  frequent  also  in  typhus  fever,  acute 
miliary  tuberculosis,  scarlet  fever,  small-pox,  uremia,  etc.,  in  all  severe 
fexerx.  It  occurs  as  a local  process  in  convulsive  muscular  affections 
(tetanus),  trichinosis,  extensive  freezing,  in  many  cases  of  myocarditis, 
veiy  commonly  in  muscular  cancer.  It  is  jierhaps  very  rarely  a primary 
affection. 


Zknkkr  (L  c.)  first  demonstrated  the  constant  occurrence  of  the  nfTection  in 
typhoid  fever,  and  descril>ed  it  most  accurately.  It  was  earlier  observed  by  Bowman 
nnd  \ mellow  under  other  circumstances.  I observed  (Arch  d.  11, ilk..  I V.,  p 282) 
a att\  and  colloid  degeneration  of  the  muscles,  which  had  its  origin  in  unknown 
cauKf.s  Zlnkkr  observed  the  latter  form  of  degeneration  in  consequence  of  the 
action  of  an  external  influence,  Rknndouf  (Arch  d Ilcilk.,  VI.,  p.  450).  in  conse- 
quent.!: of  freezing.  Coiiniieim  (I'nt.  itb.  d.  cinbcA.  Vroc.,  1872)  saw  colloid  degen- 
tra  ion  ol  the  muscles  of  the  tongue  ou  the  second  day  after  total  ligature  of  that 


A«  RosuopicALLY,  the  muscles  in  parts  deeply  affected  are  sometimes 
um  "tmlv  paler,  sometimes  so  in  finely  or  coarsely  scattered  spots  (at  first 
pa  f i eudish  gray,  finally  brownish-vellow  or  whitish  gray,  like  the  flesh  of 
is  i),  moie  homogeneous  and  brittle.  Under  the  microscope  the  irons- 
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verse  striation  is  seen  to  gradually  disappear,  and  in  place  of  them  in  the 
unchanged  sarcolemma  a colorless,  dull,  sometimes  irregularly  wrinkled  sub- 
stance, which  is  broader  than  the  normal  muscular  fibre,  very  easily  broken 
up  transversely,  always  crumbling  into  fine  fragments,  and  which,  after  a 
few  weeks,  is  gradually  absorbed.  The  fragments  of  muscular  fibres  become 
shorter,  rounded,  oval;  between  them  there  remains  the  sarcolemma  as  a 
collapsed  pouch.  In  rare  cases  the  colloid  substance  is  immediately  trans- 
formed into  a mass  of  small  irregularly  rounded  particles,  which  usually  in 
large  numbers  lying  in  contact  completely  fill  the  sarcolemma-pouch.  Or, 
there  occurs  a breaking  up  into  thin  disks  (discoid  division),  or  a “ fibrillar 
division.” 

The  consequences  of  colloid  degeneration  of  the  muscles  are:  especially 
ruptures  and  haemorrhages,  which  occur  oftenest  in  the  lower  part  of  the 
rectus  abdominis,  rarely  in  other  muscles,  and  sometimes  smaller  ecchy- 
rnoses,  sometimes  circumscribed  haemorrhagic  infiltrations,  sometimes  true 
haemorrhagic  foci.  The  more  extended  lnemorrhages  lead  to  cyst-formation 
and  cicatrization,  or  to  pigmentation  or  liquifaction.  Suppuration  of 
muscles  rarely  appears  in  consequence  of  colloid  degeneration.  In  most 
cases  the  degenerated  muscle-fibres  are  entirely  regenerated. 

While  the  muscular  degeneration  just  described  is,  according  to  Zenker,  Hoffman 
and  others,  of  a pathological  nature,  it  is,  according  to  Bowman,  Waldeyer,  Erb, 
Neumann,  found  also  under  other  circumstances.  According  to  those  last-named, 
it  occurs  in  all  healthy  muscles,  as  soon  as  they  are  wounded,  and  is  the  conse- 
quence of  a process  similar  to  post  mortem  rigidity  or  identical  with  it.  Also,  there 
appears  a similar  change  in  many  pathologically  degenerated  muscles  after  death  in 
uninjured  fibres:  it  then  is  a phenomenon  of  death. 

A similar  colloid  metamorphosis  of  normal  and  hypertrophic  smooth  muscle- fibres 
of  the  stomach  is  described  by  It.  Mater  ( Lehrb . d,  allg.  path.  Anal.,  1871,  p.  109). 

(Waxy  degeneration.  Zenker’s  muscular  degeneration.) 

Bowman,  Phil.  Transact .,  1841.  I.,  p.  09. — Virchow,  Arch.,  1852,  IV.,  p.  200. — 
Zenker,  Her.  d.  Dresd.  naturf.  Ges .,  1801  ; Ueb.  d.  Verand.  d.  willk.  Muskeln  im 
Typh.  abdom.,  1864. — Waedeyer.  Virch.  Arch.,  XXXIV.,  p.  473. — O.  Weber,  lb., 
XXXIX.,  p.  210. — Erb,  lb.,  XLIII.,  p.  108. — Neumann,  Arch.  d.  Ileilk .,  IX., 
p.  304. 

g.  MUCOUS  METAMORPHOSIS. 

(Consult  the  text-books  on  physiology,  Colloid  metamorphosis,  and  the  so-called 
Gelatinous  cancer.) 

The  substance  formed  by  pathological  mucous  metamorphosis  is,  on  the 
whole,  the  same  as  physiological  mucus,  and  has,  apart  from  the  reaction  by 
acetic  acid,  whereby  it  becomes  coagulated  in  shreds,  also  many  properties 
of  fluid  colloid. 

Mucous  metamorphosis  affects  cells,  and  non-cellular  substances. 

1.  MUCOUS  METAMORPHOSIS  OF  CELLS 
Is  found  oftenest  in  epithelia  of  mucous  membranes  and  their  glands,  which 
in  great  numbers  show  mucous  metamorphosis  in  increased  degree  and  in  a 
quicker  manner.  This  is  for  the  most  part  possible  only  by  the  quicker 
new  formation  of  cells  destroyed  by  the  metamorphosis.  This  occurs  on 
all  mucous  membranes  in  consequence  of  the  action  of  strong  irritants,  as 
avcII  in  the  state  of  the  so-called  acute  or  chronic  catarrh,  with  dilatation 
of  the  vessels  affected  always  at  the  same  time  present.  The  limit  between 
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normal  and  increased  formation  of  mncus  is  in  many  places  not  to  be  drawn  ; 
thus,  especially  in  the  mucous  membrane  of  the  nose,  mouth,  throat,  air- 
passages  and  vagina.  In  the  empty  stomach,  the  surface  is  uniformly 
covered  with  a layer  of  very  tough,  neutral  or  alkaline  mucus.  The  his- 
tological processes  of  mucous  metamorphosis  are  the  same  as  under  physi- 
ological conditions ; until  now  it  is  not  known  whether  the  affected  cells 
are  destroyed  by  mucous  metamorphosis,  or  whether  they  can  evacuate  the 
mucus  without  bursting. 

Cells  which  have  suffered  mucous  degeneration  pathologically,  show  essentially  the 
same  character  as  the  so  much  discussed  CUPPED  CELLS  of  various  mucous  mem- 
branes. The  latter  are  regarded  by  many  as  artificial  productions  (?).  while  others 
regard  them  as  a special  kind  of  cell,  still  others  as  common  epitlielia,  which  have 
been  affected  by  mucous  metamorphosis.  Pathological  experience  makes  the  latter 
most  probable:  the  metamorphosis  is  found  most  often  in  single  or  poly-laminated 
cylindrical,  and  ciliated  epithelia,  rarely  in  others. 

The  relations  which  physiologists  have  found  to  exist  between  formation  of  mucus 
and  nerve- influence  are  of  great  interest,  but  heretofore  have  been  of  no  practical 
value.  According  to  Hkideniiain  (Stud.  d.  phys.  but.  zu  Itnxht i/,  1808,  IV.,  p.  1) 
the  changes  which  the  submaxillary  gland  of  the  dog,  whose  secretion  is  extraordi- 
narily rich  in  mucus,  suffers  by  continuous  irritation  of  the  chorda  tyinpani,  consist 
in  this,  that  in  place  of  bright  cells  already  metamorphosed  info  mucus,  vigorous 
protoplasm-cells  appear,  so  that  a gland  which  has  been  cut  out  and  examined  after 
continuous  irritation,  no  longer  shows  clear  bright  mucus  cells.  Hkidkniiain  and 
Epstein  have  also  demonstrated  important  differences  in  the  (peptic  and)  mucous 
glands  of  the  stomach,  according  as  they  were  daring  hunger  or  in  activity  (during 
digestion).  In  the  latter  state  the  cells  are  greatly  clouded,  probably  much  richer  iu 
albumen,  and  give  off  substances  into  the  cavity  of  the  stomach.  During  hunger 
they  are  shrivelled,  etc. 

Consult  also  Eng  elm  \ NX's  interesting  investigations  (Arch.  f.  d.  ge *.  l'h yx. , 1872, 
V. , p.  41)8)  concerning  the  cutaneous  glands  of  the  frog. 

Mucous  metamorphosis  ^occurs  also  in  cells  of  uew-formations,  especially 
in  enchondromata,  in  so-called  mucous  cysts,  in  cylindroma,  ami  cancer 
(so-called  gelatinous  cancer). 

2.  Mucous  METAMORPHOSIS,  OR  MUCOUS  SOFTENING  OK  NOX-CEI.LULAU 
ELEMENTS. 

Ibis  consists  in  the  transformation  of  collagen  (glutin)  and  chondrogen 
into  mucus  or  mucin,  which  is  distinguished  from  the  albuminates  by  con- 
taining less  carbou  and  nitrogen,  as  well  as  by  the  absence  of  sulphur. 

Ibis  metamorphosis  affects  the  basis  substance  of  cartilage,  bones  and 
connective  tissue,  coagulated  fibrin  of  bloody  extravasations  and  exudations. 
The  cells  of  the  first-mentioned  forms  are  thereby  either  destroyed,  or  they 
persist,  or  exhibit  processes  of  division.  These  processes  are  found  es|>e- 
cially  often  in  cartilage,  as  well  in  its  periphery  in  articular  cartilage, 
whereby  disintegration  and  final  lessening  of  the  articular  facets  (so-called 
malum  senile),  as  in  its  centre  (costal  cartilages),  giving  rise  to  cyst-like 
spaces.  1 liese  softenings  occur  more  rarely  in  bones  with  simultaneous  or 
pievious  separation  of  lime-salts  (thus  in  osteomalacia,  in  the  vicinity  of 
new -formations).  In  connective  tissue  a mucous  softening  appears  oftenest 
in  inflammation  and  iu  new-formations : under  a more  or  less  quick  immi- 
gration or  new -formation  of  small  cell  elements,  the  connective-tissue  basis 
substance  softens,  and  is  either  absorbed  or  separated  or  returns  to  its 
fi  nous  structure.  Softening  occurs  in  fatty  tissue  oftenest  in  atrophy,  e.y., 
1IJ  h-serous  fatty  tissue,  iu  yellow  bone-marrow. 

1 las  mucous  softening  exists  normally  as  a senile  process  in  symphyses, 
and  m inter-articular  cartilages. 
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h.  (EDEMATOUS,  OR  SEROUS  INFILTRATION. 

Serous  infiltration  occurs  in  cells,  and  in  non-cellular  substances. 

Serous  infiltration  of  cells  consists  in  the  filling  of  them  with  a serous  or 
sero-mucous  substance,  and  in  a consequent  for  the  most  part  considerable 
enlargement.  The  infiltration  is  found  from  the  beginning  uniformly 
extended  throughout  the  whole  cell-substance  (rarely  at  first  in  form  of 
circumscribed  drop-like  spaces),  so  that  the  corpuscular  protoplasm-mole- 
cules are  still  present  at  the  beginning,  but  are  separated  from  one  another 
by  larger  intermediate  spaces  ; later  they  are  no  longer  visible.  The  cell 
has  thereby  become  strikingly  bright.  Herein  the  nucleus  remains  a long 
time  intact  or  enlarges  only  moderately;  the  cell-membrane  (true  or  appa- 
rent) always  becomes  more  distended,  thinned,  and  then  ruptures  or  disap- 
pears entirely  without  visible  injury.  Thereby  the  contents  of  cells  lying 
adjacent  llow  together,  so  that  finally  there  is  formed  a vesicular-shaped 
cavity.  This  is  the  origin  of  many  vesicles  of  the  skin  (herpes,  eczema,  in 
part  also  variola),  as  well  as  of  mucous  membranes  with  laminated  pave- 
ment epithelium.  The  same  metamorphosis  occurs  also  in  the  endothelia 
of  serous  membranes  and  lymphatic  vessels. 

The  same  peculiar  swelling-up  of  the  cells  of  the  rete  Malpighii  is  found  in  blisters 
from  vesication  and  pemphigus.  These  are  rounded,  their  protoplasm  is  quite  homo- 
geneous, dull,  but  seems  to  show  in  parts  canalicular  pores ; the  for  the  most  part 
diminished,  rounded  or  angular  nucleus  lies  in  a proportionately  large  cavity,  filled 
probably  with  serous  lluid.  ( Vide  Voiut,  Arch.  d.  Ileilk.,  X.,  p.  420.) 

That  the  contents  of  the  affected  cells  are  serous  in  character,  is  shown 
by  micro-chemical  reactions.  That  the  metamorphosis  does  not  owe  its 
origin  to  a simple  mechanical  taking  up  of  serum  from  out  of  the  vessels 
of  the  subjacent  mucous  membrane,  but  to  a real  cell-activity,  is  shown 
by  its  sharp  limitation  in  many  parts  of  the  skin  and  mucous  membrane. 

ItANVlER  (Noun  diet.,  etc.  ) describes  as  a pathological  change  of  laminated  flat  epi- 
thelium a dilatation  of  the  corpuscular  nucleus.  This  is  transformed  into  a trans- 
lucent, slightly  refractive  vesicle,  which  continuously  enlarges  to  bursting.  At  first 
the  nucleus  resembles  a half-moon ; later  it  is  destroyed.  The  cell  ceases  to 
develop  and  dies.  This  change  is  found  in  all  inflammatory  cutaneous  aifectious, 
in  the  neighborhood  of  wounds,  ulcerations,  tumors,  in  erythema,  erysipelas,  ecze- 
ma, in  the  erythematous  zone  of  small-pox,  etc.  It  causes  desquamation.  It.  found 
the  same  in  mucous  membranes. 

Slight  degrees  of  metamorphosis  may  return  to  the  normal  state ; in 

higher  grades  it  results  in  destruction  of  cells. 

© © 

Whether  O.  Weber’s  dropsical  degeneration  agrees  with  the  results  obtained  by 
myself,  cannot  with  certainty  be  inferred  from  his  description.  (Hdh.  d.  Chir. , 
1805,  p.  330.)  lie  places  it  in  histological  relation  with  mucous  metamorphosis. 
It  occurs  in  granulation-cells  and  pus-corpuscles  in  the  permanent  water-bath,  in 
cells  of  all  kinds  in  oedematous  saturation  of  tissues,  on  the  inner  surface  of  many 
cysts. 

Serous  infiltration  of  non-cellular  substances  is  known  only  in  few  places, 
but  not  accurately  : in  the  so-called  membrana  propria  of  mucous  and  serous 
membranes,  in  the  tunica  propria  of  the  urinary  tubuli — in  many  inflamma- 
tory states  of  these  parts. 


croupous  metamorphosis. 
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A peculiar  oedema  of  the  albuminous  substances,  of  cell-contents,  as  well  ns  of  the 
basis  substance  of  the  cortex  of  the  brain,  is  either  in  consequence  of  the  addition  of 
water  to  microscopical  preparations  of  normal  brain  substance,  or  a sign  of  increased 
water  in  the  brain  itself  (HUBHICII,  Ztschr.  f.  Biol. , 18(50,  II.,  p.  391.  Buhl,  lb., 
p.  39(1). 

Martini  (Med.  Ctrlbl.,  1871,  No.  41)  describes  a so-called  “serous  atrophy”  of 
primitive  muscle-bundles  occurring  in  sarcomata,  lipomatosis,  etc.  It  consists  in 
this,  that  rounded  or  oval  openings  are  filled  with  serous  fluid,  and  coalesce  by  the 
disappearance  of  the  surrounding  transversely  striated  substance. 

Concerning  serous  infiltration  of  connective  tissue,  etc. , see  (Edema,  p.  225. 

Under  the  microscope,  bright  spots  are  not  infrequently  found  in  single, 
otherwise  normal  cells  of  the  most  varying  kinds,  with  respect  to  which  it  is 
difficult  to  distinguish  whether  they  are  artificial  (by  the  addition  of  liquid 
in  the  process  of  preparation),  or  the  result  of  disease.  In  the  latter  case  it 
must  often  remain  doubtful,  whether  the  spots  are  of  a serous,  or  mucous, 
or  colloid  character. 

In  the  moist  chamber,  epithelial  cells  are  seen  to  become  hyaline  and  blend  with 
neighboring  cells  into  large  masses.  The  structure  again  appears  by  acetic  acid. 
Absolutely  hyaline,  soft  jelly-like  masses  of  very  varying  size  are  found  between  the 
epithelial  cells  in  the  cornea  of  a frog,  if  it  has  lieen  twenty-four  hours  previously 
touched  with  common  acetic  acid.  They  not  infrequently  contain  migratory  cells. 
They  are  probably  transndations.  In  pleuritic  effusions  colossal  gelatinous  masses 
are  found,  in  blisters  from  vesication  gelatinous  fluid.  The  influence  of  air  is  very 
favorable  to  coagulation.  (F.  A.  Hoffmann,  Virch.  Arch.,  LI.,  p.  373.) 

*.  CROUPOUS  METAMORPHOSIS. 

E.  Wagner,  Arch.  d.  lleilk.,  VII.,  p.  481 ; VIII.,  p.  449.— Vide  p.  2C3. 

Croupous  metamorphosis  consists  in  the  transformation  of  cellular  con- 
tents into  a substance  externally  similar  to  coagulated  fibrin.  It  occurs  on 
mucous  membranes  of  every  kind  (as  so-called  croupous  and  diphtheritic 
exudation,  especially  of  the  larynx,  trachea  and  pharynx),  perhaps  also  in 
some  glandular  organs  (especially  in  the  urinary  tubuli,  as  so-called  hyaline 
or  fibrin  cylinder,  and  in  the  lungs,  as  so-called  croupous  pneumonia). 

Concerning  the  more  immediate  histological  relations,  see  p.  204. 

Besides,  this  metamorphosis  occurs  also  os  a chronic  process,  especially 
in  the  kidneys. 


The  common  urinary  cylinder,  and  Thomas’  cylindroid,  have  the  general  reac- 
tions of  protein  liodies,  hut  agree  with  none  of  them  exactly. 

Concerning  the  so-called  urinary  casta  having  their  origin  partly  in  this,  partlv  in 
colloid  metamorphosis,  see  Axki.  Key,  Mat.  Arch.,  I.,  p.  1,  .StockJudm,  1803.  and  O. 
Bayer,  Arch.  d.  UeiUc,  18(58.  IX.,  p.  130. 

Si.a\ .iankky  (Ber.  d.  k.  ».  Gee.  d.  Wins.,  2.  Nov.  1872)  has  described  a like  hia- 
1 °f?lca*  change,  as  so-called  reticular  degeneration  of  the  serous  envelope  of  the 
ovum  of  the  rabbit. 


COMBINATIONS  OK  TWO  OR  MORE  METAMORPHOSES. 

Combinations  of  two  or  more  metamorphoses  occur  not  infrequently, 
icy  occur  in  the  same  organ  independently  of  one  another  {e./j.,  pigment- 
inn  tuition  and  calcification);  or,  with  one  another  and  from  like  causes 
(‘us  *Qd  chalky  degeneration  of  the  arteries) ; or,  one  degeneration  is 
t ie  cause  of  the  other  (e.g.,  fatty  metamorphosis  of  renal  epithelium  with 
ai daceous  degeneration  of  the  vessels);  or,  finally,  two  metamorphoses 
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occur  at  the  same  time  (as  fatty  and  mucous  degeneration,  colloid  degen- 
eration and  calcification,  pigmentation  and  fatty  metamorphosis). 

Two  kinds  of  combinations  are  especially  conspicuous : pseudo-croupous 
inflammation  of  mucous  membranes,  and  atheromatous  process  in  arteries. 

Pseudo-croupous  inflammation  of  mucous  membranes  consists  in  manifold 
changes  of  the  epithelia  and  in  inflammation  of  them,  or  at  the  same  time 
with  that  of  the  tissue  of  the  membrane.  The  changes  are:  albuminous 
infiltration,  for  the  most  part  with  simultaneous  fatty  metamorphosis  of 
moderate  extent,  for  the  most  part  greatly  increased  formation  of  mucus  by 
the  mucous  membrane  itself  and  its  glands,  new-formations  of  epithelium 
(processes  of  division — pus- formation).  To  these  belong  also  the  products 
of  inflammation  of  the  epithelium  and  of  the  tissue  of  the  mucous  mem- 
brane : serous  exudation,  pus-corpuscles,  often  red  corpuscles,  and  for  the 
most  part,  numerous  fungi  of  the  lowest  forms.  Macroscopically,  the 
mucous  membrane  is  shown  to  be  covered  with  a cloudy  (lighter  or  darker, 
according  to  the  quantity  of  escaped  blood),  mucous,  sometimes  viscous 
substance,  under  which  lie  the  changed,  variously  formed,  unadherent  epi- 
thelia. Jn  parts,  there  are  deeper  losses  of  substance,  for  the  most  part  to 
the  deepest  epithelium.  These  inflammations  are  found  best  marked  in  the 
mucous  membrane  of  the  mouth,  throat  and  air-passages  in  variola,  in 
the  mucous  membrane  of  the  intestine,  in  many  cases  of  primary  and  secon- 
dary dysentery. 

The  atheromatous  process  consists  in  a combination  of  inflammatory  or 
other  softening  with  fatty,  also  not  infrequently  with  chalky  metamorphosis. 
Softening  affects  mostly  basis  substances,  fatty  metamorphosis  affects  mostly 
the  cellular  elements.  The  process  occurs  only  in  connective-tissue  sub- 
stances, most  often  in  the  internal  coat  of  large  arteries.  On  the  surface  of 
these  it  forms  the  so-called  ATHEROMATOUS  ULCER,  deeper  in  the  athero- 
matous focus.  Both  contain  so-called  atheromatous  mortar,  i.e.,  parts  in 
fatty,  in  part  also  chalky  degeneration,  especially  cells,  particles  of  softened 
basis  substance,  and  mostly  cholesteriu. 


2.  GANGRENE. 

(NECROSIS,  MORTIFICATION,  SPHACELUS  OR  COLD  GANGRENE,  WARM  GAN- 
GRENE, MUMMIFICATION  OK  DRY  GANGRENE,  etc.). 

FAmt.  Hildanus.  Dp  gaiujrcvna  et  epbacelo,  1592  anil  1642. — Quesn  \ y,  Trade  de 
In  g angritne , 1750. — O’Halloran.  On  Gangrene  and  Sphacelus,  17  5 — Kirn  land, 
On  Gangrene , 1780.— IIai.leu,  Ueb.  d Fdulni **  lebender  a.  Mter  thierieeher  Jvn-per, 

White,  Be  meric.  uber  den-  kalten  Brand.  'Brand,  by  Whhmann,  1790. — 

IIimly,  Ueb.  d.  Brand,  d,  weichen  m.  harten  TheUe,  1800. — Neumann,  Abh.  r.  d. 

Brandi  1801. Dklpech,  Mem  par  la  roin.pl.  dtp  plaice  et  dee  vleeree  connue  eur  fe 

nom  d pourriture  d'hbpital,  1815.— Gaspaud,  Journ.  tie  phye.,  1^22.  II..  p.  1,  and 

1S2-1,  IV'..  p.  1. V.  Francois,  Kesai  eur  la  gangrene  epontanie , 1829. — Carswell, 

Art  Mortification  in  111.  of  the  Elem.  Forme  of  Die.,  1821.— IIkcker,  I nter*,  ub.  d. 
brand  Zeretvr.  durch  Behind,  d.  Circnl, .,  1841.— Osciiwai.d,  Ueb.  d.  Brand.,  1847. 
—Pith a.  Drag.  Vjechr. , 1851,  IT.,  p.  27.— Vnu  now.  Wdrzb.  Verb.,  I.,  III.;  Arch., 
T p 272,  V . p.  275  ; Wien.  Wochenschr. , 1851  ; llandb.  d.  spec.  Bath.  a.  Ther ., 
i!’  278’;  Verb,  der  'Brrl.  vied.  Gee.,  1805,  I.— Hartmann,  Virch.  Arch..  1855, 

VIII..  p.  114. Demme,  Ueb.  d.  Verdndernngen  der  Gewebe  durch  Brand.,  1857. — 

Kussmaul,  Virch.  Arch.,  1858,  XIII.,  p.  289. — Bkyk.  lb.,  1800,  X\III..  P'*7<— - 
Raynaud.  Be  I'aephyxie  locale  et  de  la  gangrene  eymetrigne  dee  exlre/mtie,  1802.— O. 
Weber,  lldh.  d.  Chir.,  1805,  I.,  pp-  100  and  548. — Samuel,  1 irch.  Arch.,  LI.,  pp.  41, 

and  178;  bill.,  p.  552.  , „ T a 

(Consult  besides  the  literature  of  Embolism,  and  of  Inflammation.) 
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Gangrene,  necrosis,  mortification  is  the  absolute  cessation  of  life, 
especially  of  the  circulation  of  the  blood  and  juices,  and  consequently  of 
nutrition,  also  of  the  warmth,  sensation,  motion,  and  function  of  a part  of 
the  organism.  If  at  the  same  time  putrefaction,  a development  of  stinking 
gases,  occurs,  the  process  receives  the  name  of  gangrene,  or  sphacelus. 

Gang rene  (hot  gangrene)  is  that  form  in  which  the  parts,  before  the  appearance 
of  complete  gangrene,  are  still  hot  and  painful,  and  acutely  inflamed. 

Besides,  there  are  special  terms  applied  to  gangrene  of  different  organs  or  tissues  : 
Necrosis  is  commonly  used  for  gangrene  of  the  liones,  as  well  as  of  cartilage  ; piia- 
gi.d.ena  is  commonly  applied  to  gangrenous  destruction  of  ulcers.  As  caries  sicc  a 
of  the  teeth  (in  opposition  to  caries  humida)are  not  infrequently  designated  processes 
which  are  of  a gangrenous  nature.  The  words  CARIES  and  NECROSIS,  applied  to  the 
bones,  are  often  interchanged.  But,  in  fact,  there  not  infrequently  occurs  in  caries 
(the  so-called  bone-ulcer)  a not  merely  molecular,  but  a grosser  necrosis. 

The  dead  portion  of  tissue  has  received  special  names  for  individual 
textures:  in  the  bones  it  is  called  SEQUESTRUM ; in  cold,  hot,  and  phage- 
(l.enic  gangrene  of  external  parts,  in  gangrene  of  typhous  new-formations, 
etc.,  it  is  called  slougii. 

The  question,  ns  to  what  affections  are  to  lie  included  under  gangrene,  it  is  for 
many  difficult  to  determine.  This  holds  true,  in  the  first  place,  of  simple  atrophy 
(see  p.  203).  Also  of  ulceration,  which  many  call  a molecular  gangrene  (see  p.  283). 
But.  since  in  ulceration  suppuration  for  the  most  part  predominates,  it  seems  advisa- 
ble (in  accordance  with  the  maxim:  a Jit  detuminatio)  to  place  those  among 

the  inflammations.  This  view  does  not  require  that  many  ulcers,  e.g.  the  so-called 
phagcdu.nio,  should  be  regarded  otherwise  than  as  belonging  with  greater  right  to 
gangrene.  Finally,  there  are  the  so-called  gangrenous  inflammations  (see  p.  2 85). 

Gangrenous  parts  act  very  differently,  according  to  their  structure  and 
vascularity,  according  to  the  causes  of  the  gangrene,  its  acuteness,  and  the 
possibility  of  an  access  of  atmospheric  air,  etc.  Whether  a part  is  quickly 
destroyed  after  the  appearance  of  gangrene,  depends  altogether  upon  its 
contained  blood  and  texture.  A necrotic  bone  preserves,  in  contrast  with 
a carious  hone,  its  smoothness  and  cohesion,  even  its  general  microscopic 
texture.  But  if  the  parts  attacked  by  gangrene  are  soft,  they  become  by 
gangrene  still  softer,  while  their  elements  lose  their  mutual  cohesion  and 
fall  to  pieces.  If  they  contain  a greater  quantity  of  blood,  the  blood  cor- 
puscles also  are  destroyed,  their  coloring  matter  pierces  the  tissues,  there 
arises  the  set-called  false  red  oedema  ; or  there  occur  through  imbibition  of 
the  coloring  matter  of  the  blood  darker  blue  and  black  colorations. 

Akby  (Med.  Ctrtol.,  1871.  No.  14)  has  shown  especially  the  reason  of  the  uncliange- 
ableness  of  orgnnic  1 tone-substance.  Fresh  compact  boue,  taken  from  the  dead  body, 
contains  eleven  to  twelve  ]*er  cent,  water,  and  a mean  of  twenty-eight  per  cent,  of 
organic  substance.  Bone  does  not  putrefy,  because  it  cannot  swell,  in  consequence 
of  its  inflexibility.  Pulverized  bone  immediately  experiences  swelling  and  quick 
putrefaction. 


1 lie  functional  phenomena  of  paralysis,  moreover,  determine  the  external 
symptoms  of  gangrene:  paralysis,  insensibility,  so-called  marble  coldness, 
dryness  of  surfaces,  collapsed  appearance  of  the  part. 


CAUSES  OF  GANGRENE. 

In  general,  gangrene  is  caused  either  by  interruption  of  thf.  blood- 
bupply  or  nutritive  material,  chiellv, — or  bv  destruction  of  the  tissue 
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elements.  Both  may  occur  slowly  or  quickly,  directly  or  indirectly,  and 
so  give  rise  to  very  different  forms  of  gangrene. 

Spontaneous  death,  so-called  {necrosis  spontanea ),  depends  either  upon  this, 
that  the  same  causes  have  exerted  their  influence,  only  imperceptibly  and  more 
slowly  : thus  inanition  in  the  insane,  which  brings  nutrition  to  a low  grade,  whereby 
an  inflammation,  which  induces  a disturbance  of  the  tissues,  bo  much  the  more 
easily  interrupts  nutrition  and  causes  necrosis.  Or  there  are  embolic  occlusion  of 
arteries,  etc. 

Gangrene  occurs  physiologically,  as,  e.g.,  in  the  decay  of  the  ligated 
umbilical  cord,  the  falling  out  of  the  milk-teeth,  in  various  parts  in  old 
age. 

All  parts  are,  in  general,  predisposed  to  gangrene,  in  which  there  exists 
a disturbance  of  the  circulation  of  any  kind  (anaemia,  hypertemia,  throm- 
bosis, haemorrhage,  oedema)  ; but  these  disturbances  usually  induce  gan- 
grene only  in  their  highest  grades.  Inflammation  in  all  its  effects,  especially 
parenchymatous  exudation  and  purulent  infiltration,  likewise  disposes  to 
gangrene.  In  a similar  manner,  probably,  a faulty  blood-mixture,  as  in 
inanition  and  diabetes,  in  drinkers,  perhaps  also  in  various  acute  and 
chronic  forms  of  marasmus,  caused  by  hunger  as  well  as  by  disease  (typhoid 
fever,  etc.),  leads  to  gangrene. 

Gangrene,  according  to  its  special  cause,  appears  sometimes  in  strong, 
■well-nourished  individuals,  sometimes  in  weakly,  marasmic,  badly  nour- 
ished persons  of  every  age  of  life  : in  the  latter,  cet.  par.,  it  appears  more 
easily  and  is  more  extensive.  We  see  the  former,  e.g.,  in  gangrene  from 
embolic  occlusion  of  arteries,  in  strictured  part  of  the  intestines  ; the  latter 
in  scorbutus,  noma,  etc. 

The  same  disposition  to  gangrene  is  found  in  parts  of  the  body  after  in- 
terruption of  nervous  activity,  nutrition,  etc.  : e.g.,  in  injury  of  sensory 
nerves,  especially  of  the  fifth  (peculiar  corneal  softening),  in  parts  paralyzed 
as  to  motion, — in  both  cases  less  because  insensible  or  immovable  parts 
can  sufficiently  escape  injurious  external  influences  (in  paralysis,  moreover, 
because  the  support  to  the  venous  blood-circulation  is  destroyed),  than 
on  account  of  the  simultaneous  paralysis  of  the  vaso-motor  nerves. 
Also,  dropsical  parts  (extremities,  scrotum,  external  female  genitals : so- 
called  white  gangrene)  are  disposed  to  gangrene,  and  to  a less  degree 
frozen  extremities. 

Gangrene  appears  more  early,  ceteris  paribus,  under  the  thick  skin  {e.g., 
of  the  neck  and  back),  under  fascia?,  than  in  other  parts:  e.g.,  of  car- 
buncle of  the  neck  and  back,  the  so-called  phlegmonous  inflammations, 
deep  paronychia,  penetrating  wounds  of  the  fascia?. 

According  to  Senftlebkn  ( Virch.  Arch.,  XXI.,  p.  289),  the  localization  of  necrosis 
•depends  chiefly  upon  the  histological  character  of  the  periosteum  of  different  parts. 
In  the  humerus,  necrosis  occurs  especially  in  the  vicinity  of  the  tuberosities,  and 
parts  corresponding  to  the  insertion  of  the  deltoid  and  pectoralis  major  ; in  the  ulna, 
in  the  coronoid  process  ; in  the  radius,  in  the  vicinity  of  the  tuberosity  ; in  the  pelvis, 
in  the  tuber  iscbii ; in  the  femur,  in  the  trochanter  major,  and  in  the  internal  and 
posterior  part  of  the  bone  corresponding  to  the  point  of  attachment  of  the  adductor 
inagnus  ; in  the  tibia,  anteriorly  and  internally. 

The  special  causes  of  gangrene  are : 

1.  Interruptions  in  the  supply  of  nutritive  material. 

Arrest  of  the  blood-circulation  does  not  alone  necessarily  and  immediately 
lead  to  gangrene,  provided  new  nutritive  and  exudation  fluid  is  supplied 
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from  the  vicinity  of  the  parts  deprived  of  circulation.  Gangrene  appears, 
however,  if  the  circulation  of  the  juices  has  become  impossible,  if  the  tissue 
itself  has  become  impassable  for  nutritive  fluid,  for  the  fluid  of  the  tissue, 
and  for  the  intermediate  current  of  juices. 


Tissues  which  have  been  deprived  of  a circulation  pathologically,  like  those  simi- 
larly deprived  physiologically,  become  seats  of  inflammation.  Where  the  permeability 
of  the  parenchyma  is  destroyed  by  burning,  drying,  destruction,  by  the  most  various 
chemical  metamorphoses,  there  gangrene  is  inevitable.  Most  cases  of  gangrene 
depend  upon  the  SIMULTANEOUS  impermeability  of  the  vessels  and  of  the  parenchyma. 
(Samuel.) 

a.  Severe  disturbances  of  the  blood-supply  are  found  most  strikingly 
in  occlusion  of  arteries  (naturally  with  the  exception  of  that  of  the  func- 
tional pulmonary  artery),  to  whose  regions  no  blood  or  not  a sufficient 
quantity  can  enter  by  collateral  branches.  This  takes  place  in  conse- 
quence of  coagula,  which  have  a local  origin  (in  chronic  endarteritis, 
fatty  degeneration  and  calcification  of  the  muscular  coat) — so-called 
thrombotic  necrosis;  or  which  are  so-called  emboli  (thus,  for  example, 
gangrene  of  the  left  lower  extremity,  softening  of  the  brain,  perhaps  also 
the  round  gastric  ulcer,  etc.,  in  diseases  of  the  heart) — so-called  embolic 
necrosis.  The  embolus  lies  sometimes  near  the  gangrenous  spot,  some- 
times is  far  from  it,  e.y.,  in  the  popliteal  space,  in  gangrene  of  the  toes. 

Tligh  degrees  of  chronic  arteritis,  especially  of  the  smaller  arteries  of  the  lower 
extremities,  are  likewise  followed,  alone  or  simultaneously,  with  fibrous  or  fatty 
degeneration  of  the  heart,  by  gangrene  (gangrana  tfuiUs).  That  both  forms  of  gan- 
grene, embolic  as  well  as  that  dependent  upon  chronic  arteritis,  affect  the  lower 
oftener  than  the  upper  extremities,  depends  in  the  case  of  embolism  upon  the  com- 
paratively rectilinear  course  of  the  vessels  from  the  heart  to  the  femoral  arteries  ; in 
that  of  chronic  arteritis,  upon  the  feebleness  of  the  current  increasing  with  the  dis- 
tance from  the  heart. 

By  ligation  of  the  cceliac  artery  the  gastric  mucous  membrane  is  in  some  parts  in- 
sufficiently nourished,  and  therefore  becomes  necrotic  ; the  production  of  acids  does  not 
cease,  but,  on  the  contrary,  by  the  diminished  alkalization  on  the  part  of  the  circu- 
lating blood  it  is  increased,  and  thus  there  results  a self-digestion,  or  a so-called 
gastric  ULCER.  (Cohn,  Klin.  d.  fmbol.  Grfdjnkrkh  , p.  Mo.) 

According  to  Estlandkr  l Arrh.  f.  klin.  ( Vu'r. , 1870.  XII.,  p.  453),  gangrene  in  the 
lower  extremities  in  typhus  fever  arises  from  thrombi,  which  are  formed  during  tho 
weakened  condition  of  the  heart,  in  the  left  ventricle,  and  with  its  increasing  strength 
are  carried  as  emboli  into  the  arteries  of  the  extremities. 

Many  cases  of  pulmonary  gangrene  in  caucer  of  the  oesophagus  proceed  perhaps 
from  compression  of  the  bronchial  arteries. 

Buhl  (Lnngenintx,  eto. . 1872,  p.  77;  describes  the  origin  of  true  acute  pulmonary 
caverns  (distinguished  from  the  more  frequent  bronchial  caverns)  from  the,  by  him 
so-called,  desquamative  pneumonia  : if  the  cell  and  nuclear  growth  in  the  arterial 
sheath  lie  so  considerable  that  nutrition  is  suspended,  thedend  man  will  be  separated 
by  limiting  suppuration. 

Si-ikoklukuc,  and  Waldeyeh  (4  Tal.  Ctrl  hi..  18117,  No.  39;  Virrh.  Arrh..  18(18, 
ALI V .,  p.  89)  found  in  bitches,  in  whom  a |>ortion  of  the  uterus  had  been  extirpated, 
no  retrograde,  especially  no  gangrenous  degeneration,  in  the  constricted  portion  sepa- 
rated by  the  ligature  ; connections  were  found  to  exist  with  the  attached  meso-uterino 
tolds  ot  t.ie  peritoneum  and  the  remaining  portion  of  the  uterus ; numerous  vascular 
connections  were  supplied  to  both  portions. 

1 he  same  conditions  exist  in  affections  of  the  bones  and  cartilages,  through 
the  accumulation  and  pressure  of  blood  and  pus  under  the  (vessel-bearing) 
periosteum  or  perichondrium ; in  the  skin  after  traumatic  separations  of 
the  subcutaneous  connective  tissue;  in  the  skin  and  fasciie  of  the  extremities 
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and  vertex  of  the  cranium  in  so-called  phlegmonous,  or  pseudo  erysipelatous 
inflammations. 

Other  forms  of  occlusion  of  arteries,  as  by  ligature,  etc.,  by  nervous 
influence  (spastico-isehsemic  gangrene),  are  attended  by  the  same  results, 
unless  there  is  formed  a sufficient  collateral  circulation. 

Gangrene  after  the  long  use  of  ergot,  as  well  as  the  so-called  symmetrical  gangrene 
of  Raynaud,  is,  according  to  many,  a consequence  of  spastic  isebaunia  of  the  smallest 
arteries.  According  to  Estlandkr  (1.  c.),  the  stases,  petechiae,  etc.,  in  typhus  fever 
are  dependent  upon  spastic  antemia  of  the  small  and  smallest  arteries,  dependent 
upon  poisoned  blood.  This  lasts  a long  time,  and  the  finer  veins  are  filled  through 
the  collateral  branches,  thus  giving  rise  to  a bluish  color. 

Raynaud’s  symmetrical  gangrene  occurs  chiefly  in  chlorotic  and  nervous  indi- 
viduals, rarely  in  children  and  older  persons,  perhaps  also  in  typhoid  fever,  etc.  It 
most  frequently  attacks  the  fingers,  rarely  the  toes,  tip  of  the  nose  and  external  ear. 
Often  for  months  beforehand  the  affected  parts  suddenly  become  white,  bloodless, 
without  feeling,  dead  ; the  skin  is  strongly  wrinkled  and  shrunken,  the  ends  of  the 
fingers  appear  thin  and  conical.  The  temperature  of  the  parts  is  sunken,  they  appear 
without  feeling,  and  the  muscular  movement  is  as  though  paralyzed.  If  this  state 
extends  itself  over  a whole  extremity,  the  pulse  becomes  imperceptible.  After  a vari- 
ously long  time  there  follows  a painful  reaction  : itching  arises  and  the  feeling  of 
over-filling  of  blood,  the  skin  becomes  bluish-red.  Severe  pains  precede  the  proper 
outbreak  of  gangrene.  The  extremities  become  bluish-white,  violet,  dark,  livid, 
marbled ; they  are  insensible,  but  very  painful  and  icy  cold  ; then  small  vesicles 
appear,  which  fill  with  sero  purulent  liquid  and  are  usually  destroyed,  bo  that  the 
cutis  becomes  laid  bare.  Even  now  the  part  may  be  restored.  But,  for  the  most 
part,  after  some  time  the  attack  returns,  and  then  the  fingers  show  numerous  small, 
white,  depressed  and  hard  cicatrices  on  their  extremities,  which  are  found  specially 
in  front  of  and  beneath  the  nails,  and  form  conical  callosities.  If  the  ischsemia  is  of 
longer  duration,  there  follows  from  the  consecutive  hyperamiia  a true  mummifica- 
tion. which  terminates  with  the  falling  off  of  a part  of  the  last  phalanx. 

b.  Gangrene  rarely  proceeds  from  the  veins,  because  of  their  manifold 
communications,  and  then  only  when  all  the  veins  of  a part  are  oompressed 
or  obstructed,  and  when,  in  consequence  of  this,  there  results  overfilling  of 
the  capillaries,  and  haemorrhagic  infiltrations.  This  does  not  occur  in  simple 
thrombosis,  therefore  here  gangrene  never  appears;  but  indeed  during 
compression,  when  .all  the  venous  branches  pass  through  foramina,  narrow 
channels  (hernia),  invaginations — prolapse  of  polypi  and  lueinorrhoidal 
tumors)  ; also  in  high  degrees  of  paraphimosis  ; in  transplanted  pieces  of 
skin,  whose  veins  become  impervious  by  being  pulled  or  twisted.  Light 
bandages,  ligatures,  etc.,  may  have  the  same  result.  Gangrene  behaves 
also  in  essentially  the  same  manner,  which  is  the  result  of  slowly  formed 
arterial  embolism,  which  first  gives  rise  to  venous  liypeneinia,  etc. 


In  many  cases  of  senile  gangrene  of  the  toes,  the  essential  cause  is  a marasmic 
thrombosis  of  the  small  veins,  and  the  diminished  nourishment  of  parts  dependent 
upon  them.  In  thrombosis  of  the  gastric  veins  and  vena  portm,  there  arises  a high 
degree  of  venous  hyperannia  of  the  affected  parts,  and,  in  consequence  of  it,  hseruor- 
rhagie  infiltration,  and  the  so-called  round  gastric  ulcer  (L.  Muller). 

While  many  regard  the  cause  of  the  round  gastric  ulcer  to  he  spastic  contraction  of 
the  smallest  arteries,  its  cause,  according  to  Axel  Key  {lfi/g..  1870,  p.  201  ; Noi'd. 
raed.  Ark.  1871,  III.,  1,  No.  5),  resides  in  the  strong  contractions  of  the  muscular 
coat  with  spasm  in  localities,  so  that  the  venous  circulation  in  these  places  is  sud- 
denly more  or  less  completely  arrested. 

c.  Gangrene  lias  its  origin  in  various  ways  in  the  capillaries:  1,  through 
complete  anaemia  of  the  part  in  consequence  of  external  or  internal  pres- 
sure; 2,  through  complete  interruption  of  the  blood-current  (so-called 
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etasis) ; 3,  through  infiltration  of  tissues  with  fibrin,  extravasated  blood, 
pus,  and  chiefly  with  now-format  inns ; 4,  through  high  degree  of  fatty 

metamorphosis  of  connective- tissue  corpuscles. 

Gangrene  from  anaemia  in  consequence  of  external  pressure,  arises  some- 
times from  bandages,  from  continued  rest  on  hard  parts  (sacrum,  tro- 
chanters, etc.),  especially  in  states  of  general  weakness.  In  like  manner  a 
pressure  may  act  from  within  outward.  Thus  the  skin  or  mucous  mem- 
brane over  large  and  quickly  growing  abscesses,  aneurisms  or  other  form  of 
tumor  is  changed,  in  consequence  of  high  degree  of  anaemia  from  pressure, 
into  a whitish  or  yellowish  slough,  after  the  throwing  otf  of  which  there 
appear?  for  the  most  part  a gangrenous  ulcer. 

If  the  quantity  of  the  circulating  blood  is  too  small  in  proportion  to  the  parts  to  be 
nourished,  as,  for  example,  in  cancerous  new- formations,  and  the  acid  gastric  juice 
acts  upon  these  as  in  the  stomach,  they  become  changed  into  a sometimes  altogether 
peculiar  manner : they  become  soft,  colored  gray  or  grayish  brown,  but  they  are 
odorless. 

Gangrene  from  complete  arrest  of  the  blood,  or  from  stasis,  appears  only 
then,  when  the  arrest  of  the  blood  lasts  and  the  blood  is  not  again  set  free. 
It  affects  capillary  districts  of  various  size,  besides  the  smallest  arteries  and 
veins.  (.Stasis  of  larger  vascular  districts  belongs  to  thrombosis. ) The  causes 
of  stasis  are  in  part  purely  mechanical  (wounds  of  soft  parts,  as  in  every 
border  of  wounds  ; high  degrees  of  arterial  ischauuia  and  venous  hyper- 
aunia) ; in  part  physico-chemical  (cold,  warmth  ; chemical  substances  : so- 
called  stasis  of  ditfusiou). 

The  phenomena  and  causes  of  stasis,  which  in  transparent  parts  of  cold-blooded 
animals  have  been  so  often  investigated,  were  for  a long  time  regarded  as  u chief 
event  of  inflammation,  or  ' Emmkrt.  Hkxi.k)  as  identical  with  inflammation.  After 
that  Kitr<  KK  and  II.  W’kbkr  had  established  the  mechanical  and  chemical  condi- 
tions. first  the  English  observers,  and  then  Virchow  showed  that  these  experiments 
could  not  be  applied  to  man  and  warm-blooded  animals  without,  reserve,  and  that 
complete  stasis  must  always  lead  to  necrosis  and  ulceration.  O.  Wt.HEH  has  lately 
again  made  conspicuous  the  importance  of  stasis,  especially  of  that  arising  from  dif- 
fusion, and  has  more  nenrly  decided  its  relation  to  inflammation  and  gangrene. 

That  a greater  part,  of  the  stases  arising  through  the  application  of  chemical  sub- 
stances (acids,  alkalies,  salts,  etc.)  to  transparent  animal  parts  de|«euds  only  upon 
processes  of  diffusion,  is  shown  by  the  experiments  of  Sciiui.kr:  if  the  concentration 
of  the  blood  of  the  frog  is  increased  or  diminished  by  injection  of  water  or  solutions 
of  salt  into  the  veins,  greater  stasis  appears,  the  more  the  density  of  the  blood  is  di- 
minished by  the  liquid  from  without  acting  as  an  irritant,  while  it  results  so  much  the 
more  slowly  when  the  per  cent,  of  solution  approaches  that  of  the  fluid  within  the 
vessels.  The  greater  the  diffnsibiiity  of  a substance,  the  more  marked  and  energetic 
is  the  stasis  caused  by  It  (corrosive  substances).  iJesubs,  the  degree  of  concentration, 
the  nature  of  the  substance,  and  its  chemical  relation  to  the  blood  and  blood-serum 
are  also  of  the  greatest  influence.  According  to  O.  Wkhkk.  stasis,  during  the  opera- 
tion of  high  degrees  of  heat,  especially  of  a glowing  heat,  iH  chiefly  dependent  upon 
the  immediate  thickening  of  the  blood.  A quick  evaporation  operates  also  in  the 
same  manner  (Emmkrt). 

Of  importance  in  the  production  of  stasis,  besides  diffusion,  are  also  the  blood- 
pressure,  the  physical  and  chemical  character  of  the  blood  as  well  as  of  the  fluids 
of  the  tissues,  the  varying  porosity  of  the  vessel- walla,  as  well  as  the  diameter  of  the 
afferent  and  efferent  vessels.  Quick  necrotic  destruction  of  the  brain  after  wounds 
of  the  skull,  perforating  wounds  of  the  abdomen,  connected  or  not  with  prolapsus  of 
the.  viscera,  and  killing  quickly  by  gangrene  without  proper  peritonitis,  the  necroses  of 
exjwsed  ends  of  bones,  do  not  d"epend  noon  the  exposing  of  the  neiglil>oring  inem- 
•rauc,  but  upon  stas-s  developing  quickly  and  in  great  extent  under  the  influence  o £ 
unusual  evaporation  (0.  Wkuer). 

Gangrene  occurs  but  rarely  from  infiltration  of  tissues  with  fibrinous 
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ov  albuminous  molecules,  while  in  most  cases  of  so-called  diphtheritic,  or 
phlegmons,  as  well  as  of  dysentery,  other  changes  are  almost  always 
present  (hypermmia,  luemorrlmge,  suppuration).  Juke  wise,  gangrene  from 
ha-morrhagic  infiltration  is  rare,  while  the  cases  so  regarded  are  partly 
Ineinorrhages  with  extended  laceration  or  bruising  of  the  tissues,  partly  trau- 
matic inflammations,  partly  haunorrluvgioo-inflammatory  infiltrations  (('.</., 
anthrax).  Gangrene  from  dense  infiltration  with  nuclei  and  cells,  narrowing 
or  closing  the  capillaries,  occurs  in  many  suppurations  (many  so-called  diph- 
theritic, better-named  forms  of  phlegmonous  inflammation  of  the  throat, 
intestines,  uterus,  etc.),  in  tubercle  (so-called  yellow  tubercle),  in  typhous 
new-formations  (sloughs  of  typhoid  fever),  in  the  exudation  of  cerebro- 
spinal meningitis,  in  catarrh  of  the  nasal  mucous  membrane)  etc.  : thus 
under  circumstances  where  the  collateral  circulation  is  insufficient,  or  where 
no  new  vessels  have  been  formed. 

Bum,  proposes  for  such  cases,  instead  of  the  terms  diphtheritic  inflammation,  or 
diphtheritic  exudation,  the  names : acute  sloughing,  acute  tissue-necrosis,  necrotic 
exudation.  lie  urges  rightly,  that  the  growth  of  free  nuclei  surpasses  the  number 
of  cells,  that  the  nuclei  are  round,  oval,  pear-shaped,  etc.,  with  sharply  defined  con- 
tour. 

In  many  oases  referred  to  in  this  category  (mykosis  of  the  stomach  and  intestine) 
baeterian  formation  is  the  first  condition,  followed  by  a high  grade  of  hy perse inia  and 
haunorrhagio  iufiltratiou,  and  gangrene. 

Gangrene  from  high  degree  of  fa ttv  metamorphosis  of  connective-tissue 
corpuscles  rarely  occurs  of  itself,  ofteuer  with  huunorrhages  and  inflamma- 
tions. The  corpuscles  mentioned  an*  quickly  filled  with  fat-molecules,  are 
destroyed,  and  therewith  the  nutrition  of  the  whole  tissue  fails,  so  that 
necrosis  appears. 

Here  especially  is  to  be  referred  gangrene  from  inflammation  in  parts 
which  are  completely  or  incompletely  paralyzed,  gangrene  in  inflamed  drop- 
sical parts,  probably  also  the  so-called  noma  of  the  face  anil  genitals  in 
cac  1 1 ectic  individ  i i al  s. 

Hirsciiberq  {Bert.  Ilia.  Wochmschr. , 18(18,  No.  81  and  32)  describes  an  ulceration 
of  the  cornea  in  little  children,  dependent  upon  encephalitis,  which  ulceration  is  of 
a neuro-paralytic  character,  and  with  which  children  from  two  to  six  months  old 
die  from  digestive  troubles  and  marasmus,  but  usually  without  pronounced  braiu- 
symptoms. 

In  many  cases,  where  gangrene  proceeds  originally  from  the  capillary  vessels,  a 
venous,  more  rarely  arterial  thrombosis  appears  secondarily.  To  distinguish 
them  from  primary,  i.  e. , embolic  thromboses,  is  sometimes  very  difficult  This  is 
most  often  the  case  in  senile  or  marasmic  gangrene. 

Gangrene  never  results  from  diminished  activity  of  the  heart  alone  in 
acute  or  in  chronic  diseases  (typhoid  fever,  pyiemia,  acute  exanthemata — 
chronic  cachexia*  of  every  kind) ; only  with  simultaneous  changes  in  the 
arteries,  or  extended  thromboses  {gang-ram  senilis),  or  continuous  pressure 
upon  the  part  (bed-sore 

A more  disputed  point  has  always  been  the  relation  of  arterial  obstruction  and 
the  changes  of  the  heart’s  muscle  to  gangrene.  The  artery  is  found  filled  sometimes 
with  coagula,  sometimes  it  is  found  empty.  The  coagula  are  sometimes  secondary 
to  the  gangrene,  sometimes  they  existed  before  and  are  the  causes  of  gangrene. 
Mummification,  dry  gangrene  of  the  extremities,  is  always  the  consequence  of  im- 
ported coagula,  of  emboli.  The  so-called  spontaneous  gangrene  in  rheumatism 
with  endocarditis  has  for  the  most  part  this  foundation.  Other  forms  of  so-called 
spontaneous  gangrene,  as  it  often  occurs,  for  example,  in  old  persons  (gangwiui 
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genii!.*)  are  connected  with  arterial  disease,  but  the  nearest  arteries  are  usually 
found  free  from  coagula,  at  least  from  old  ones.  Disease  of  the  arteries  and  of  the 
heart's  muscle  impedes  the  blood-current,  especially  in  most  distant  parts,  as  the 
feet.  Light  frictions,  pressure,  slight  inflammations,  cold  determine,  more  quickly 
an  outbreak  of  necrosis,  than  in  normal  nutrition.  In  a similar  manner  also  i’s 
gitn  /rn n<i  or  deeubitu  produced,  which  has  its  origin  neither  in  obstruction  of  ar- 
teries nor  in  inflammation.  The  enfeebling  force  lies  here  in  the  torpidity,  or  true 
fatty  degeneration  of  the  heart,  as  it  appears  in  consequence  of  all  severe  diseases 
(especially  severe  typhus  and  typhoid  fevers,  pyaemia,  spinal  paralyses).  The  sore 
follows  inconsequence  of  continued  pressure:  so-called  necrosis  ok  compres- 
sion. It  is  found  especially  on  the  sacrum  and  trochanters,  rarely  on  the  heels, 
spinous  processes  of  the  vertebral  column,  scapula,  head  of  the  fibula,  the  back 
part  of  the  he  id,  wherever  the  hard  bony  supports  increase  the  pressure. 

The  duodenal  ulcers  often  found  after  severe  burns,  freezing,  more  rarely  from 
alcoholic  abuse,  are,  according  to  Falk,  consequences  in  part  of  depressed  heart's 
action,  in  part  of  the  corrosive  action  of  the  intestinal  contents. 

2.  Gangrene  from  disorganization  of  tissue  elements. 

The  causes  in  question  give  rise  in  their  slightest  grades  only  to  con- 
gestive hypeneiuia,  in  their  higher  grades  to  inflammation,  in  their  highest 
grades  to  gangrene;  these  three  processes  sometimes  pass  in  a single  case 
into  one  another. 

it.  A disorganization  of  tissues  occurs  after  severe  wounds  of  every 
kind  (stabs,  shots,  etc.),  but  especially  after  bruises,  when  they  result  in 
complete  destruction,  in  external  parts  of  every  form:  so-called  gangrene 
of  destruction,  ganf/riiu)  fou  Iroyante  ; as  well  as  in  internal  parts,  often- 
est  in  the  cervix  uteri,  vagina  and  vulva  after  severe  births,  hut  also 
in  the  bruin  and  lungs,  without  or  with  simultaneous  injury  of  the  sur- 
rounding soft  and  bony  parts. 

b.  After  concussion  (brain,  bones)  a somewhat  similar  tiling  probably 
occurs,  but  the  anatomical  relations  are  still  undecided. 

c.  Freezing  and  BURNS,  in  their  higher  grades,  are  attended  directly  bv 
the  same  results;  indirectly,  they  act,  in  their  lower  grades,  by  producing 
anaemia  or  venous  liyperteiuia. 


The  ear  of  a rabbit  can  Vie  tendered  stiff,  hard  and  immovable  by  a continuous 
spray  of  sulphuric  ether.  The  blood-column  becomes  fixed  and  immovable.  After 
a few  minutes  the  ear  becomes  soft,  flabby,  as  if  soaked  with  water,  the  blood  fluid 
and  easily  movable.  For  the  most  part,  in  the  course  of  from  one-half  to  one  hour, 
there  appears  the  form  of  an  acute  inflammation.  (SAMUEL.) 

According  to  Richardson  ( Mud.  Times  mid  Gnztltr,  May,  1807),  the  brain  and 
spinal  cord,  besides  the  medulla  oblongata,  of  frogs,  rabbits  anil  doves  can  be 
frozen : after  these  organs  have  been  thawed  out.  their  functions  are  completely 
restored.  It.  could  freeze  aud  thaw  again  the  brains  of  doves  over  forty  times, 
without  detriment  hi  the  coinfort  aud  intelligence  of  the  animals,  and  hold  them 
for  five  hours  iu  the  frozen  state. 

Samuel  (Med.  Gtrfbl .,  lHdll,  p.  308),  in  his  experiments  by  scalding  the  ears  of 
rabbits,  whose  carotids  hail  previously  been  ligate*!,  found  that  with  a scalding  heat 
ot  (it.-  0.  the  anannic  ear  became  gangrenous  without  having  suffered  previous  inflam- 
mation, while  in  the  uninjured  ear  of  a like  strong  rabbit  regular  suppurative 
inflammation  was  developed. 

<1.  1 hemic  At  suitsTANi  es  (concentrated  acids  aud  alkalies — corrosive 
substances  chiefly)  act  either  by  withdrawing  the  watery  constituents  from 
the  tissues,  or  by  entering  into  chemical  combinations  with  the  tissue- 
ehineuts.  1 heir  action  lias  been  observed,  in  part  accidentally  after  poi- 
soning, etc.,  in  part  during  their  use  therapeutically. 

The  changes  arising  from  the  action  of  corrosive  substances  have  been,  with  respect 
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to  the  chlorides,  most  thoroughly  studied  by  Bryk  (he.).  Inflammations  from  cor- 
rosive substances  are  characterized  in  the  first  place  by  the  presence  of  sloughs, 
then  by  blood -coagula  in  the  immediately  adjacent  vessels,  which  extend  into  the 
capillaries.  The  slough  contains  mostly  mummified,  in  part  fatty  tissue  : accordingly, 
the  slough  is  generally  dry  and  hard,  as  by  concentrated  metallic  chlorides or 
soft  and  liquefying,  dependent  upon  greater  and  quicker  fatty  metamorphosis,  as 
by  chlorine,  chlorides  of  the  alkalies,  and  dilute  solutions  of  metallic  chlorides. 
Between  the  gradually  shrunken  slough  and  the  remaining  free  parts,  there  is  a 
layer  of  fatty  degenerated  tissue ; by  the  destruction  of  which  the  loosening  of  the 
slough  is  accomplished.  Now  the  so-called  reactive  inflammation  begins  in  the  pre- 
served tissue  : first  as  nuclear  growth  in  the  connective  tissue  of  the  skin,  6-8  hours 
after  the  beginning  of  the  effect  of  the  caustic,  likewise  nuclear  increase  and 
sprouting  on  the  capillaries.  The  fatty  layer  between  the  slough  and  tissues  is 
resolved  into  a cheesy  pulp.  The  slough  loosens.  On  the  fourth  or  fifth  day,  more 
serum  exudes  from  out  of  the  granulation  layer,  and  pus  is  formed,  which  washes 
away  the  debris  of  the  tissues.  Suppuration  and  cicatrization  follow.  Nuclear 
growth  and  suppuration  are  now  much  less  than  before,  because  thromboses  are 
numerous  and  extend  into  the  capillaries ; at  the  same  time  also  on  account  of  the 
pressure  of  the  appearing  slough.  Ou  the  tenth  or  twelfth  day,  when  the  slough 
falls  off  entirely,  cicatrization  progresses.  Fever  is  entirely  absent  or  is  moderate. 
The  urine  is  often  increased,  contains  much  epithelium  belonging  to  the  urinary 
tubuli,  and  albumen.  The  epithelium  is  often  granular  and  clouded  by  the  metallic 
chlorides.  The  urinary  changes  disappear  on  the  third  to  the  fifth  day  alter  cauteri- 
zation, when  the  slough  is  disconnected  from  the  vascular  tract. 

The  so-called  softening  ok  tiie  stomach  does  not  belong  to  this  class:  it 
appears  first  after  the  appearance  of  death  and  only  then,  when  the  contents  of  the 
stomach  passes  into  strongly  acid  fermentation.  YV.  Mayer  (1).  Arch.  f.  klin.  Med., 
1871,  IX..  p.  lOd)  describes  a case  of  gastro-malacia  before  death. 

According  to  Kussmaui.’s  experiments,  chloroform  also  must  be  included  here. 
If  it  be  injected  into  the  arteries  of  dead  animals,  putrefaction  is  prevented,  while 
the  same  is  excited  by  it  in  living  animals.  If  the  animal  lives  a sufficiently  long 
time  after  the  injection,  there  will  be  sustained  in.  the  dead  member  for  one  or  two 
days  a lively  blood-current.  This  furnishes  the  explanation,  why  in  living  animals 
the  rigidity  from  chloroform  is  so  quickly  suspended  and  putrefaction  appears. 
Probably  the  chloroform  is  washed  by  the  blood-current  out  of  the  limb  and  thus 
the  tissues  are  robbed  of  that  material  which  had  killed  them,  but  at  the  same  time  of 
the  power  it  had  to  protect  from  putrefaction.  Chloroform  is  only  a mortifying,  not 
a septic  agent.  Putrefaction  appears  only  when  chloroform  has  been  removed,  and 
it  is  the  blood,  which  now  under  conditions  so  changed,  acts  contrary  to  its  former 
manner  destructively  on  the  changed  tissues,  whilst  it  furnishes  the  three  chief 
conditions  for  the  excitation  of  putrefaction  : warmth,  oxygen  and  water.  It  bears 
the  same  relation  to  gangrene  or  putrefaction  of  parts  rigid  by  chloroform,  as  to 
gangrene  of  frozen  parts.  Antiseptic  agents,  frost,  and  chloroform,  may  induce 
sepsis  indirectly  by  killing  the  tissues,  if  the  parts  thaw  out,  or  the  chloroform  is 
carried  away  by  the  blood-current. 

e.  Here  belong  also  numerous  cases,  in  which  the  form  of  disorganization 
of  tissues  is  not  wholly  clear,  in  which  the  immediate  cause  lies  either  in 
physical  or  in  chemical  influences,  or  in  the  presence  of  fungi.  Physical 
agents  which  reaching  from  without  to,  or  within  the  body,  cause  some- 
times only  inflammation,  sometimes  this  followed  by  gangrene,  sometimes 
the  latter  from  the  beginning.  These  conditions  are  oftenest  found  in  the 
air  passages  and  lungs  (pulmonary  gangrene),  if,  from  whatever  cause, 
expectoration  is  rendered  diflicult.  With  respect  to  many  bodies,  it  is 
doubtful  whether  their  mechanical  or  chemical  force  is  the  cause  of  the 
gangrene  : in  many  gangrenous  inflammations  of  the  lungs,  and  of  serous 
membranes. 

The  forms  of  gangrene  dependent  upon  chemical  decompositions  of 
known  or  unknown  nature,  are  very  numerous.  Here  belong  infiltration 
of  tissues  with  secretions  and  excretions,  especially  urine,  and  the  excre- 
ment; putrefactive  decompositions  (so-called  putrescence)  of  ulcerous  sur- 
faces and  wounds,  as  they  occur  in  over-filled  and  badly  ventilated  sick- 
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rooms,  with  deficient  cleanliness,  in  moist  warm  air,  or  by  foreign  bodies  on 
the  external  skin  and  bordering  mucous  membranes,  especially  on  the 
internal  surface  of  the  puerperal  uterus.  Putrid  bronchitis  during  severe 
diseases  of  the  mouth  and  throat  is  explained  by  decaying  blood  and  secre- 
tions of  wounds  (in  operations),  bv  putrefactive  processes  (diphtherias, 
ichorous  cancers  of  the  tongue,  etc.) ; the  same  disease  and  pulmonary 
gangrene  are  explained  in  those  severely  sick,  and  in  the  insane  in  part  by 
particles  of  food,  which,  accidentally  or  during  artificial  nutrition,  find 
their  wav  into  the  bronchi  and  there  become  putrid.  In  like  manner  do 
large  bodies,  which  have  found  their  way  into  the  bronchi,  esjxjcially 
organic  matters  (bones),  not  infrequently  cause  gangrenous  pneumonia?. 
The  secretions  remaining  on  the  ulcerated  mucous  membrane  of  the  nose, 
ear,  in  bronchiectases,  oftenest  those  of  the  lochias  on  the  mucous  mem- 
brane of  the  uterus  cause  putrescence  of  the  mucous  surfaces.  Also  ichor- 
ous ulcers,  especially  cancers,  which  perforate  the  parenchyma,  and  often 
cause  gangrene  of  the  latter  (e.g.,  pulmonary  gangrene  from  cancer  of  the 
oesophagus).  Even  long-lasting  uncleanliness  from  urine  or  excrement  may 
cause  inflammation  and  gangrene.  Thrombi,  which  are  impregnated  with 
putrid  substances,  if  they  become  embolic,  induce  like  decompositions: 
e.< /.,  pyaunic  thrombi  of  various  parts  of  tin?  laxly,  especially  those  of  the 
cranial  sinuses  in  diseases  of  the  ear,  perhaps  also  many  murusmie  thrombi. 

Among  those  forms  of  gangrene,  in  which  vegetable  parasites  are  the 
essential  causes,  almost  tho  only  one  generally  acknowledged  is  gangrene  of 
the  spleen,  and  the  carbuncle  of  gangrene  of  the  spleen  (seep.  103).  Many 
here  include  also  hospital  gangrene,  pyamiia  with  puerperal  fever,  malig- 
nant diphtheritis  of  the  throat,  the  poison  of  dead  bodies.  The  so-called 
putrid  bronchitis,  and  pulmonary  gangrene  are  with  greater  probability 
dependent  ujkiu  fungi,  and  indeed  upon  micrococci  and  bacteria,  perhaps 
also  upon  leptothrix  and  sareiua:  these  fungi  cause,  in  the  lungs  as  well  as 
in  external  dead  parts,  a process  of  chemical  deoomjKJsition. 


Tt  is  not  yet  decided  to  what  extent  fungi  are  associated  with  the  different  forms 
of  gangrene.  In  the  greater  number  of  owes  tho  fungous  formation  is  secondary. 
According  to  Thai  he  (2>.  Klin.,  1863.  p.  400;  1861,  No.  50  ff;  1802,  p.  41),  and 
Leyden  and  .Taker  (Arch,  f,  klin.  Med.,  1 still,  n.,  p.  480)  putrid  bronchitis  and 
many  forms  of  pulmonary  gangrene  are  dependent  upon  fungi,  especially  the  so- 
called  UptotArix  jmltnonalis  (a  descendant  of  l.  bucenlU).  ltoSEWSTElX  {Jterl.  klin. 
WtH'/ui  , 1 Hi 5 7 . No.  I ; saw  the  former  affection  caused  by  the  outium  ulbican*. 

Concerning  the  so-called  knee  mono  mycosis  sahcinica,  see  p.  1*4. 

G.  Simon  l)t  ntvhe  Klin.,  18(!b.  No.  15)  found  experimentally  in  man  and  animals, 
that-  small  quantities  of  acid  nnmixed  urine  are  as  harmless  as  water,  that  urine 
mixed  with  blood,  pus  and  mucus,  while  urine  has  an  acid  reaction,  is  without  injury 
brought  into  contact  with  the  surface  of  wounds  or  may  be  injected  into  the  tissues; 
but  that  alkaline  urine  acts  destructively  upon  the  tissues,  and  that  all  is  true  of  it, 
which  has  been  traditionally  assumed  of  every  urine;  that  acid  uriue  does  not 
possess  the  supposed  disposition  to  quicker  decomposition,  that  in  intimate  con- 
tact and  mixture  with  a small  quantity  of  animal  tissues  and  liquids,  which  had 
been  affected  by  decomposition,  it  assumed  an  alkaline  reaction  only  on  the  fifth  and 
sixth  days,  and  that  in  closed  vessels  it  was  not  yet  decomposed  on  the  tenth  day; 
that  acid  uriue  in  very  extensive  contact  with  living  tissues  and  liquids  ami  by  long 
stagnation  in  the  sulicutaneous  connective  tissue  does  not  enter  into  aimnoniacal 
deco  in  position ; that  acid  urine,  which  has  been  for  a long  time  in  contact  with 
d<‘ad  animal  substances,  or  for  a longer  time  stagnated  in  the  subcutaneous  connec- 
tive tissue  of  a living  animal,  assumes  no  projierties  which  render  it  destructive  of 
living  tissues.  Gangrene,  which  appears  so  rapidly  and  extensively  in  man  after 
infiltration  of  acid  urine,  so-called  gangrene  of  urine-infiltration,  is,  according  to  S. , 
to  a»cril>ed  to  pressure  from  within.  If  urine  in  great  quantities  be  forced  with 
great  power  (.by  action  of  muscular  coat  of  bladder  and  abdominal  pressure)  into  the 
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stretched  intermuscular  and  subcutaneous  connective  tissue  of  the  perineum,  etc., 
the  nutrient  vessels  will  be  lacerated,  eta,  and  thus  nutrition  will  be  cut  off. 

According  to  M k.n /, k j , ( Wren.  ami.  \\»chr,,  INI}!),  Nos.  81— 80),  gangrene  appears 
after  infiltration  also  of  acid  urine  into  bruised  tissues. 

That  putrefying  substances,  t ;/. , putrefying  tissues  from  contused  wounds,  the 
urine  after  urine-infiltration,  so  injurious  to  fresh  wounds,  have  almost  no  effect  on 
granulating  wounds,  is  explained  by  Billroth,  by  the  fact  that  these  substances 
are  resorbed  only  by  the  lymphatics,  but  that  no  open  lymphatics  are  present  on 
the  surface  of  granulations. 

The  ichor  of  gangrene,  and  gangrenous  fluids  generally  often  act  infec- 
tiously on  surrounding  tissues,  unless  there  early  appears  a reactive  inflam- 
mation of  them — important  in  operations  in  gangrenous  parts  of  every 
kind. 

The  poison  of  dead  bodies  acts  in  like  manner,  likewise  the  contayium  in 
glanders,  hospital  gangrene,  puerperal  fever,  of  the  hitter  of  which  it  can- 
not be  said  with  certainty,  whether  it  is  a specific  morbid  product  or  a 
common  product  of  putrefaction.  Here  also  finally  are  included  many 
contagions,  e.(j .,  that  in  severe  epidemics  of  scarlet  fever,  many  medica- 
ments, e.g.,  mercury  (gangrenous  stomatitis),  and  many  poisons,  especially 
of  snakes.  It  is  doubtful  whether  noma  should  be  regarded  as  a specific 
form  of  gangrene. 

The  contagiousness  of  many  forms  of  gangrene,  as  of  hospital  gangrene,  is 
doubtful.  Many,  i.g.  Vidal,  assume  two  forms  of  gangrene  of  the  spleen:  a con- 
tagious, the  carbuncular  form,  and  a non-contagious  form,  puntula  maligna  x. 
gungro-nom. 

Fischer  (Char. -Ann.,  1805,  XIII.,  1 H.,  p.  53)  concludes  from  experiments  by 
inoculation,  that  the  secretion  of  hospital  gangrene,  as  well  as  the  pseudo-inembran- 
ons  and  pulpous  surfaces  of  gangrenous  ulcers  contain  an  inoculable  contagion  ; 
that  this  contagion  adheres  very  strongly  to  the  secretion,  and,  after  standing  many 
days  and  even  after  drying,  it  is  still  active.  The  local  action  began  after  24-30 
hours.  That  the  resorbed  gangrenous  ichor  acts  septieally  on  the  blood,  is  shown  by 
the  almost  constant  icterus  of  the  urine,  fatty  degeneration  of  the  heart,  liver  and 
kidneys.  According  to  Buugmans,  Dki.pecil,  Pitha  and  Fischer.  hospital  gan- 
grene does  not  owe  its  development  entirely  to  a denuded  or  ulcerating  portion  of 
skin,  but  it  may  also  germinate  and  increase  spontaneously  on  healthy  skin.* 

Many  causes  of  gangrene  often  exist  simultaneously.  Thus  gangrene 
occurs  oftenest  in  many  inflammations,  if  a light  physical  or  chemical 
influence  on  the  part  is  present. 

Gangrene  occurs  for  the  most  part  sporadically.  Many  forms  of  it 
occur  epidemically  and  endemically,  e.g.,  diphtheritis,  hospital  gangrene, 
many  forms  of  child-bed  fever. 

Symptoms  of  gangrene. 

The  symptoms  of  gangrene  relate  partly  to  the  gangrenous  part  itself 
(local  symptoms)  and  its  surroundings,  partly  to  tha  whole  organism  (gene- 
ral symptoms). 

The  necrotic  part  is  sometimes  sharply  defined:  gangrjENA  circum- 
scripta ; sometimes  it  is  difficult  to  distinguish  the  dead  from  the  dying 

* The  Editor,  in  1863,  while  serving  in  the  army  hospital  on  David's  Island,  New 
York  harbor,  as  medical  cadet,  U.  S.  A.,  inoculated  himself  twice  with  products  of 
hospital  gangrene  without  effect.  The  inoculations  were  made  after  the  manner  of 
vaccine  inoculations,  solid  gangrenous  matter  being  used  on  one  occasion,  and  gan- 
grenous ichor  on  tire  other  : the  punctures  (on  the  arm)  were  covered  with  a watch- 
glass  and  observed  No  local  or  constitutional  disturbance  followed,  although  the 
subject  was  not  in  good  health. 


FORMS  OF  GANGRENE. 


347 


portions:  gangr.ena  diffusa.  Circumscribed  gangrene  has  usually  a less, 
the  diffuse  a greater  extension. 

Local  symptoms  of  gangrene. 

Thev  vary  with  the  kind  of  gangrene,  with  the  blood-supply,  and  with 
the  character  and  position  of  the  tissue. 

la  the  gangrenous  portions  o£  the  body  there  can  be  especially  distinguished  : the 
gangrenous  centre,  which.  e.g.,  corresponds  exactly  with  the  point  of  application  of 
the  corrosive  substance,  and  the  surrounding  area,  which,  surrounding  the  centre,  is 
of  varying  circumference  ( t.fj. , greatest  from  sulphuric  acid,  smallest  from  the  actual 
cautery),  and  corresponding  to  which  Ls  the  coagulated  blood  in  the  arteries  and 
veins.  (Samuei,.) 

Formerly,  dry  gangrene,  mummification,  whereby  the  parts  become 
black  and  dry,  was  distinguished  from  moist  gangrene,  where  they  are  dis- 
colored and  soft.  At  the  present  time  the  following  forms  of  gangrene  are 
assumed. 

1.  So-called  drying,  i.e.,  that  form,  where  at  first  only  the  fluid  elements, 
which  lie  partly  between  the  tissues,  partly  within  them  (cells,  fibres),  are 
separated  by  evaporation  or  absorption,  but  besides  this  almost  no  morpho- 
logical changes  appear  in  gangrenous  parts.  This  occurs  to  the  greatest 
extent  in  extra-uterine  foetuses  (sometimes  in  twin  pregnancies,  where  one 
fie t us  dies  prematurely,  and  the  other  develops  Further),  in  intestinal 
worms  in  the  interior  of  organs  (cysticerci,  echinococci,  trichina*),  ami  here 
affects  all  tissues.  The  same  process  is  found  to  a small  extent  in  the  cells 
of  the  blood  after  extravasation  into  the  interior  of  tissues,  of  pus  and 
tubercle,  more  rarely  of  cancer  (so-called  simple  atrophy,  drying,  cheesy 
transformation — see  p,  293),  In  all  these  cases  the  parts  remain  after  loss 
of  the  water  for  years  unchanged,  or  the  parts  afterward  calcify.  This 
takes  place  not  by  a metamorphosis  of  the  part  itself,  but  it  is  an  infiltra- 
tion from  without;  there  is  formed  in  grosser  parts,  e g.  in  tin*  dead  foetus, 
first  a calcareous  shell,  while  the  deeper  parts  still  remain  free  from  lime; 
smaller  parts,  as  intestinal  worms,  present  calcified  colls  in  their  whole 
thickness. 


In  the  enoapauled  foetus  of  abdominal  pregnancy  ViRCUOW  and  others  found  after 
many  years  muscles,  connective  tissue,  und  vessels  uninjured. 

2.  So-called  dry  gangrene  or  mummification  up] wars  in  external  parts, 
when  the  supply  of  arterial  blood  is  slowly  or  quickly  cut  off,  when  only 
the  usual  amount  of  blood  reaming  in  the  part*  (without  the  establishment 
ot  a sufficient  collateral  circulation  or  a venous  and  capillary  hypertemia), 
while  besides  resorption  of  fluid  tissue-elements,  there  is  also  an  evapora- 
tion of  them.  This  is  oftencst  the  case  in  gangrene  of  the  bones,  also  in 
the  extreme  portions  of  the  lower  extremities  in  embolic  gangrene,  and  in 
uncomplicated  marasmus,  or  senile  gangrene.  The  parts,  *■.</.,  at  first  the 
toes,  or  the  whole  foot  shrivel  into  a brownish  or  blackish,  firm  mass, 
sometimes  ringing  when  struck,  but  retaining  its  form.  A similar 
thing  occur r,  in  the  various  forms  of  gangrene  from  pressure,  when  in  con- 
sequence of  pressure  they  have  at  the  same  time  become  to  a high  degree 
amende : the  gangrenous  parts  then  have  mostly  a white  color. 

■ So-called  soft  gangrene, — or,  since  no  badly  smelling  gases  are  gene- 
rat*  d,  odorless  gangrene  consists  in  a simple  softening,  rolliquatio, 
without  putrefaction.  In  this  form  the  tissues  become  liquid:  the  fluids 
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arise  within  the  tissues  themselves  or  enter  them  from  without.  Soft  gan- 
grene occurs  in  normal  tissues,  most  frequently  as  white  softening  of  the 
BRAIN  after  embolism  of  the  cerebral  arteries  with  no  collateral  circulation. 
It  occurs  also  in  thrombi,  sometimes  in  haemorrhagic  accumulations  in 
organs,  to  which  air  cannot  have  access,  in  chronic  pneumonia,  perhaps 
also  in  abscesses.  It  has  been  longest  known  as  secondary  softening  or 
liquefaction  of  tubercles  (in  the  brain,  lymph-glaiuls,  etc.)  and  cancers, 
where  it  begins  in  the  centre  of  the  riew-formation,  and  in  its  progress  on 
the  periphery  in  flat  organs  gives  rise  to  ulcers. 

Just  snch  a case  was  seen  by  myself,  where  a woman  4(1  years  old,  after  having 
been  affected  by  peliosis  for  two  years,  and  by  diarrhoea  for  nine  months,  died.  The 
autopsy  revealed  in  the  lower  portion  of  the  jejunum  and  the  entire  ileum  about 
sixty  round,  elongated,  dentated,  etc.,  gangrenous  spots  of  a yellowish- white  color 
and  of  the  size  of  a lentil  to  that  of  a dollar,  which  affected  only  the  mucous  mem- 
brane or  all  the  coats  of  the  intestine,  which  they  nearly  or  wholly  perforated  and 
which  were  the  causes  of  the  fatal  purulent  peritonitis.  The  genesis  of  this  gan- 
grene has  heretofore  remained  unknown. 

4.  True  putrefaction,  putrescence,  sepsis  most  commonly  appears  in 
the  same  manner,  as  every  animal  substance  putrefies  through  access  of  air 
and  the  presence  of  abundant  water:  so-called  moist  gangrene,  gangrene, 
sphacelus.  All  soft  parts  of  the  body  putrefy,  as  soon  as  the  vital  trans- 
formation of  material  in  them  ceases;  for  the  most  part  quickly  in  propor- 
tion to  tho  amount  of  blood  in  the  tissues  (from  previous  hypenemia), 
their  softness,  and  water  contained  in  them  (fatty  tissue,  connective 
tissue,  muscles).  The  ferment  is  partly  contained  within  themselves,  and 
is  partly  received  from  without.  Moist  gangrene  occurs  in  external  parts 
of  every  kind,  especially  also  in  disintegrating  soft  now-formations  of 
them:  it  is  the  common  form  of  pulmonary  gangrene.  (See  p.  lUl.) 

Sometimes  decomposition  progresses  to  the  development  of  gases:  em- 
physematous GANGRENE. 

In  gross  the  external  parts  in  moist  gangrene  appear  at  first  looser,  more 
flaccid,  doughy,  discolored;  sometimes  the  coloring  matter  of  the  blood 
settles  and  there  appears  a dark,  bluish,  or  dark  red  coloring.  1 lie  epi 
dermis,  or  the  whole  epithelial  layer  is  raised  in  blisters,  which  are  tilled 
with  a reddish  or  brownish  fluid  (so-called  gangrene- vesicles) ; beneath 
them  especially,  putrefaction  goes  on.  The  parts  break  up  with  great 
stench  at  first  into  ragged,  withered,  then  greasy  and  liquid  masses  of  black- 
ish, brownish,  yellow  appearance.  Some  portions  dry  up,  others  fall  off  or 
remain  attached  to  tendons,  ligaments,  bones.  In  gangrene  of  whole  ex- 
tremities, destruction  of  the  skin  and  connective  tissue  for  the  most  part 
progresses  further  than  that  of  the  muscles,  and  the  latter  further  than  that 
of  the  bones.  The  sulphuretted  hydrogen  generated  colors  silver  probes 
and  lead  ligatures  black  through  the  formation  of  the  sulphide  of  silver 
and  sulphide  of  lead.  Pulmonary  gangrene  behaves  in  a similar  manner, 
in  which  besides  the  flaceidity,  anaemia,  etc.,  of  the  tissue,  the  stench  is 
especially  characteristic. 

Under  the  microscope  the  tissues  in  moist  gangrene  appear  at  first  only 
clouded,  retain  their  form,  but  later  break  up  always  into  smaller  colorless 

particles so-called  gangrenous  detritus.  At  first  the  blood-corpuscles  and 

fat-dells  are  destroyed  : the  parts  are  impregnated  with  the  coloring  matter 
of  the  blood;  fat 'is  found  mostly  in  very  great  quantity,  mostly  free, 
partly  in  crystals.  The  former  depends  for  the  most  part  upon  the  destruc- 
tion of  tissues,  in  part  perhaps  also  upon  an  infiltration  from  without. 
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The  so-called  gangrenous  ichor  consists  chiefly  of  water,  decomposed  blood 
and  fat,  and  molecular  masses.  Gland-cells  and  epithelium  are  destroyed 
almost  {is  quickly ; then  follow  muscles  and  nerves.  Connective  tissue  and 
cartilage  last  longer,  the  horny  tissues,  elastic  tissue  (e.g.,  in  arteries, 
bronchi,  lungs),  hyaloid  membranes,  bones  and  teeth  last  the  longest.  As 
microscopical  objects,  finally,  there  are  seen  chiefly  granular  masses  (albu- 
minous molecules,  fat-granules,  pigment-granules),  larger  pigment-masses, 
fat-drops,  fat-crystals,  cholesterin,  crystals  of  chloride  of  sodium,  triple 
phosphates,  of  sulphate  and  carbonate  of  lime,  sal-ammoniac,  leuein. 
Besides,  there  occur,  according  to  the  form  of  gangrene,  various  fungi 
(bacteria,  mould-fungi,  etc.).  The  chemical  elements  are  butyric  acid, 
valerianic  add,  carburetted  hydrogen,  ammonia,  sulphuretted  and  phos- 
phoretted  hydrogen,  sometimes  nitrogen:  by  which  is  explained  the  color 
and  odor  of  gangrenous  masses. 

The  histological  changes  of  gangrenous  parts  are  not  characteristic.  Demme’s 
so-called  gangrene -corpuscles  occur  also  under  other  conditions.  The  changes  and 
final  destruction  of  red  blood-corpuscles  have  been  investigated,  especially  in  cases 
of  experimental  burning  (M.  ScHULTZE,  Wbktueim,  Fai  r). 

The  so-called  gangrenous  f refuses  are  very  different.  They  arc  of 
various  ages.  All  tissues  show  essentially  a soaking  with  sero-bloody 
liquid  ; the  serous  sacks  contain  the  same.  The  softer  tissues  are  in  part 
dissolved  ; almost  all  are  dirty-red  from  diffusion  of  the  coloring  matter 
of  the  blood.  The  odor  of  such  foetuses  is,  on  the  contrary,  stale;  stint, 
ing,  only  when  after  the  escape  of  the  foetal  liquid  air  takes  its  place. 

Concerning  the  microscopical  conditions,  see  Brin,  (IIeckf.R  and  Brill.,  him.  & 
GeburUk. , 1861,  p.  326).  In  a peculiar  “lipoid  transformation”  of  a foetus  B.  saw 
the  walls  of  the  cavities  of  the  body  covered  with  a thick  layer  of  grayish  white 
grease  (needles  of  margarin). 

A moulding  of  the  gangrenous  part  may  bo  combined  with  each  of  the 
four  kinds  of  gangrene.  (See  p.  95.) 

The  four  kinds  of  gangrene  mentioned,  as  well  as  the  circumscribed  and 
diffuse  gangrene,  may  pass  in  many  ways  into  one  another.  Thus  we  see, 
e.g.y  in  gnu  grama  tenil!*,  on  the  surface  dry  gangrene,  under  the  skin  moist 
gangrene:  moist  gangrene  becomes  dry  or  mummified,  if  it  occupies 
external  surfaces  and  the  affected  portion  of  skin  is  not  too  thick,  so  that 
it  can  dry  out.  In  embolic  gangrene,  common  mummification  is  often 
found  iu  the  toes,  while  in  the  upper  portion  of  the  thigh  moist  gangrene 
is  commonly  present. 

In  Hospital  gangrene  (gangntna  no*a«tmMi*)  fresh  as  well  as  granulating  and 
cicatrizing  wounds  are  affected  in  a peculiar  manner.  Either  the  granular  surface  is 
changed  into  a yellowish  greasy  pulp,  which  can  be  wiped  off  the  surface,  but  whose 
deeper  layers  are  firm.  The  surrounding  skin  shows  the  same  metamorphosis,  so 
that  the  original  wound  is  after  3—1  days  increased  to  double  its  size.  Or  a wound 
quickly  assumes  a crater-like  character,  and  secretes  a aero-ichorous  liquid,  after  the 
separation  of  which  the  tissues  lie  free.  This  takes  place  usually  in  tolerably  sharp 
circular  forms  and  not  infrequently  to  a considerable  depth.  These  changes  occur 
esjiecially  in  trifling  wounds,  like  leech-bites,  wounds  from  cupping  instruments, 
even  vesication*  of  blisters.  Both  forms  are  kuowu  as  pulpons  and  as  ulcerous 
hospital  gangrene. 

The  Volume  of  gangrenous  parts  and  organs  is,  according  to  the  form  of 
gangrene,  normal,  increased  or  diminished. 
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The  color  of  gangrenous  parts  is  sometimes  unchanged,  sometimes  white 
(so-called  white  gangrene  from  local  amemia  or  infiltration  of  pus),  some- 
times one  of  the  most  various  shades  of  gray,  grayish-blue,  grayish-green, 
brownish-red,  brown,  black.  The  latter  colors  are  dependent  upon  infiltra- 
tion of  the  coloring  matter  of  the  blood,  or  at  the  same  time  upon  the  for- 
mation of  sulphide  of  iron. 

The  odor  of  gangrenous  parts  sometimes  cannot  be  perceived,  sometimes 
it  is  (in  putrefactive  gangrene  after  destruction  of  the  skin,  in  pulmonary 
gangrene,  etc.)  peculiarly  sweetish,  or  is  in  the  highest  degree  stinking. 

Palpation  shows  tin1  temperature  of  gangrenous  parts  lowered  since  it 
is  only  communicated  from  the  surrounding  structures.  According  to  the 
form  of  gangrene  is  the  consistence  hard,  or  flabby,  or  there  is  to  be  felt 
a peculiar  crepitation  (emphysematous  gangrene). 

The  function  of  gangrenous  parts  is  completely  destroyed.  Sensation 
and  motion  are  wanting  in  external  parts.  That  the  former  is  sometimes 
still  present  is  explained  by  the  known  law,  that  irritation  of  a nerve-fibre 
in  any  part  of  its  course  is  always  felt  at  its  peripheric  extremity.  That 
motion  is  sometimes  present  in  gangrenous  extremities,  comes  from  the 
fact,  that  in  gangrenous  parts  tendons  are  found,  whose  muscles  are  above 
the  gangrenous  centre.  By  the  action  of  gangrenous  substances  on  the 
surrounding  structures  there  arise  various  forms  of  functional  disturb- 
ances : in  the  lungs,  often  tormenting  cough. 

Pain  is  mostly  wanting  in  gangrene  even  of  external  parts  rich  in 
nerves,  e.g.,  in  most  cases  of  gangrene  from  pressure;  it  is  more  rarely 
present,  as  in  many  cases  of  gangrwn.n  senilis,  when  preceded  by  inflamma- 
tory phenomena,  in  all  cases  of  embolic  gangrene  after  endocarditis  (so- 
called  rheumatic  gangrene).  If  it  is  the  extremities  which  are  gangren- 
ous, they  feel  to  the  sick  person  like  a dead  burden.  If  the  part  has 
experienced  severe  pain  before  the  appearance  of  the  gangrene,  there 
follows  with  its  appearance  a relief  from  suffering;  on  the  other  hand, 
pains  of  the  upper  part  are  readily  referred  to  the  insensible  periphery. 
Smaller  gangrenous  centres  in  the  interior  of  the  lungs,  brain,  etc.,  ••spe- 
cially in  parts  with  small  supply  of  sensory  nerves,  are  wholly  painless. 

The  vicinity  of  gangrenous  parts  is  often  hypenemic  and  ledematous. 

The  local  symptoms  of  gangrene  sometimes  appear  quickly,  sometimes 
slowly — variations  which  depend  chiefly  upon  the  kind  and  intensity  of  the 
cause,  as  well  as  the  kind  of  tissue. 

The  beginning  of  the  local  symptoms  of  gangrene  varies  sometimes  in  the  same 
form  of  gangrene.  Gangrene  from  decubitus,  e. g. , begins  sometimes  as  a local,  very 
painful  inflammation,  which  passes  into  ulceration  ami  then  into  gangrene;  or  there 
appear  at  first  bluish-red  spots,  which  become  blisters  or  are  immediately  trans- 
formed into  gangrenous  sloughs. 

In  a case,  reported  by  Rosenthal  ( Wien.  med.  Jahrb.,  1872,  p.  380),  where  there 
was  an  isohsemic  paralysis  of  the  extensor  muscles  of  the  thigh  of  the  left  side  from 
an  aneurism  of  tho  femoral,  loss  of  electro-muscular  contractility  on  the  extensor 
side  of  the  thigh  preceded  by  one  day  the  appearance  of  the  first  signs  of  gangren- 
ous destruction  of  the  soft  parts. 

Tiie  general  SYMPTOMS  of  gangrene  are  often  wanting,  if  the  gangrene 
affects  only  small  portions  of  internal  or  external  parts,  if  it  consists  in  a 
simple  atrophy  and  drying,  if  its  cause  is  a purely  external  one,  and  if  the 
gangrenous  portion  is  encapsuled,  or  the  connection  with  normal  surround- 
in^  tissues  is  destroyed.  On  the  other  hand,  they  are  present,  especially 
if  the  gangrene  is  greatly  extended,  if  it  has  extensive  contact  with  sound 
tissues,  if  The  latter  are  not  protected  by  early  thromboses,  or  granulations. 
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Tliey  follow  m-»st  quickly  in  extended  destructive  gangrene  and  in  moist 
gangrene  chiefly,  especially  in  many  cases  of  pulmonary  gangrene. 

They  give  rise  to  the  so-called  gangrene-fever  (septicaemia,  ichor- 
rlnemia).  It  is  characterized  by  great  collapse  (paleness,  loss  of  strength, 
etc.),  for  the  most  part  elevated  temperature,  small  and  frequent  pulse, 
accelerated  respiration,  great  thirst,  etc.,  repeated  shiverings  or  chills  (so- 
called  ititermiUena  pernidoBa).  At  other  times,  phenomena  similar  to 
those  of  cholera  are  present,  especially  severe  diarchies.  Or  there  are 
profuse  sweats.  These,  as  well  as  vomiting,  sometimes  exert  a favorable 
influence.  In  hospital  gangrene  gastric  symptoms  are  often  prominent. 
The  fever  is  for  the  most  part  inversely  to  the  limiting  inflammation,  and 
proportionate  to  the  moistness  of  the  gangrene.  It  is  usually  irregularly 
remittent. 


After  burning  of  the  skin  there  appears  at  first  a quick,  then  a slow  lowering  of 
the  temperature,  whieh  continues  until  death  : this  has  been  demonstrated  by  numer- 
ous experiments,  as  well  as  by  observations  on  man  (Billroth  saw  in  ouu  case  a 
temperature  of  8-t  C.).  The  cause  of  this  lies,  according  to  Falk  ( Virch.  Arch ., 
1871.  LTII.,  p.  27 i.  in  the  increased  loss  of  heat  through  the  very  hypersonic  skin  : 
heat  diminishes  or  destroys  the  elasticity  of  the  vessel-walls,  so  that  the  vessels  are 
dilated  by  the  blood-pressure  ; since  the  afferent  branches  are  not  dilated,  the  increased 
size  of  the  current  must  cause  a slowing  of  it.  Diminished  temperature  of  the  blood 
depresses  further  the  action  of  the  he  irt,  which,  thereby  as  well  as  by  the  enlarge- 
ment of  the  vessels,  may  be  paralyzed.  The  cooltxl  blood  may  also  paralyze  the  nerv- 
ous system  (drowsiness — more  infrequent  respirations).  Inflammations  of  the  lungs 
and  kidneys,  os  well  as  duodenal  ulcers  not  infrequently  occurring  in  those  who  have 
been  burned,  are  explained  by  F.  by  the  depressed  heart's  action,  the  character  of 
the  blood,  the  latter  besides  by  the  corrosive  action  of  the  intestinal  contents. 

General  infection  is  d ■pendent  uj*on  the  appearance  of  gangrenous  masses 
in  corroded,  non  thrombosed  veins,  with  consecutive  embolism,  but  especially 
upon  the  resorption  of  putrid  liquids  by  means  of  the  blood-  and  lymph- 
capillaries. 

An  embolism  of  fungi  also  has  l>een  shown  in  consequence  of  primary  gangrenous 
processes.  W.yldkykr  ( Virch.  Arch. , LII..  p.  541)  saw  in  flu uffrttnu  BBuiUa  of  the 
hand  pigmented  bacterial)  colonics  in  both  kidneys.  I saw  non ■ pigmented  bacteria, 
beautifully  colored  blue  by  haunatoxylin,  in  the  bloodvessel*  of  hannorrbagically  in- 
flamed kidneys  in  senile  gangrene  of  the  foot. 

Kcssm  u'L  (1.  c.)  has  shown  that  a putrifted  mernlier  is  not  to  be  regarded  merely 
as  a dead  appendage,  even  if  there  is  no  longer  a blood-circulation  ; that  rather  there 
may  exist  an  active  interchange  of  juices  with  living  parte;  that  the  mechanism  and 
even  the  chemical  action  in  sphacelus  differ  from  those  in  the  putrefaction  of  (lend 
bodies  ; that,  finally,  the  danger  in  gangrene  of  n member  depends  not  only  upon  the 
extent  of  contact  of  living  with  dead  parts,  but  also  on  the  size  of  the  whole  putrid 
mass.  When,  for  example,  all  the  blood-currents  in  the  leg  and  greatest  part  of  the 
thi«h  had  been  arrested  in  consequence  of  thromboses,  anil  iodide  of  potassium,  in 
concentrated  solution,  injected  under  the  sole  of  the  foot,  already  after  four  and  a 
halt  hours  it  appeared  in  the  urine,  and  its  excretion  continued  in  increasing  quantity 
for  twenty-four  hours  until  the  death  of  the  animal. 

A.  Kkn  and  Wallis  (seep.  251)  showed  that  numerous  white  blood -corpuscles 
immigrated  into  the  slough,  produced  by  corrosive  action,  of  the  cornea  of  the  frog. 

Course  and  termination  of  gangrene. 

DilFuso  gangrene  progresses  either  to  the  death  of  the  individual;  or  it 
becomes  limited  and  circumscribed. 

In  a favorable  termination,  thrombosis  calls  forth  in  the  gangrenous  part 
a collateral  hyperamiia  of  the  surrounding  textures,  the  gangrenous  portion 
ltscli  acts  as  an  irritant  on  the  surrounding  tissues  and  causes  inflammation 
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of  them.  There  appears  the  so-called  line  of  demarcation,  i.e.,  a lighter 
line  of  tissues,  which  has  become  hypenumic  and  is  suppurating.  It  fol- 
lows for  the  most  part  the  contours  of  the  gangrenous  mass.  It  is  at  first 
mostly  superficial,  but  gradually  deepens  and  finally  separates  the  slough  or 
gangrenous  mass  from  the  healthy  structures.  Dy  the  violent  removal  of 
the  slough,  light  haemorrhages  occur,  which  in  a slow  and  spontaneous  sepa- 
ration is  prevented  by  thrombosis.  The  dangers  of  demarcation  vary  with 
the  surrounding  tissues : e.g.,  typhous  ulcer  of  the  intestines,  skin,  lungs 
(in  the  latter  almost  always  ichorous  pleuritis  and  pneumothorax).  The 
time  which  intervenes  until  the  dead  is  wholly  separated  from  the  living 
structures  varies  greatly  with  the  structure  and  the  vascularity  of  the  tis- 
sues. Demarcation  takes  place  most  quickly  in  very  vascular  soft  ulcers, 
in  subcutaneous  cellular  tissue  and  in  the  muscles,  more  slowly  in  the 
corium  and  mucous  membranes,  slowest  in  veins,  fascia',  and,  of  all  others,  in 
bones.  The  time  depends  also  upon  the  volume  of  the  gangrenous  part  and 
the  general  condition  of  the  individual.  The  loosening  or  throwing  off  of 
gangrenous  parts  most  commonly  occurs  in  necrosis  of  surfaces  which  are  in 
contact  with  the  air  (skin,  mucous  membranes,  lungs),  if  life  has  not  pre- 
viously been  destroyed. 

Sometimes,  especially  with  dried  portions  in  internal  parts,  a connective 
tissue  is  formed  through  limiting  inflammation,  and,  by  means  of  connective 
tissue  or  osseous  new-formation,  there  results  an  enoapsuling  of  the  necrotic 
part,  e.g.,  tubercles,  typhoid  sloughs,  portions  of  bone. 

Samuel  has  experimentally  investigated  the  influence  of  arterial  ligature  on  the 
origin  and  course  of  gangrene.  Direct  use  of  caustics  cause  in  anaemic  parts  as  quick 
and  extensive  cauterization  as  in  normal  parts,  but  the  limiting  inflammation  is 
delayed.  The  sanies  caustics,  on  the  other  hand,  which  at  first  excited  inflammatory 
swelling,  and  only  then  gangrene  (chloride  of  zinc  with  muriatic  acid,  etc. ),  act  con- 
siderably more  slowly.  Etc. 

A healing  of  gangrene  is  possible  only  in  the  sense  that  the  gangrenous 
part  is  encapsuled,  or  thrown  oflf.  The  former  takes  [dace  only  under  cer- 
tain conditions.  A throwing  off  occurs  much  more  frequently,  and  is  more 
or  less  easily  accomplished,  according  to  the  size  of  the  gangrenous  part,  or 
according  to  its  superficial  or  deep  extent,  but  in  internal  parts  it  occurs 
for  the  most  part  very  slowly.  A cicatrix  usually  remains  behind  in  [dace 
of  the  gangrene. 

Special  examples  of  these  various  possibilities  of  recovery  are  afforded,  by  the  sepa- 
ration of  gangrenous  members,  in  which  art  must  often  lie  used  to  assist ; by  separa- 
tions of  superficial  diphtheritic  portions  of  mucous  membranes,  and  that  of  typhoid 
sloughs  on  the  mucous  membrane  of  the  intestine.  Still  more  difficult  is  the  removal 
of  gangrenous  portions  which  are  located  within  bones  or  parcnchymata,  as  that  of 
centra? bone-masses  and  gangrenous  portions  of  lungs;  canals  leading  from  gangren- 
ous cavities  to  the  surface  are  called  cloacle.  In  furuncle  and  carbuncle  there  first 
appears  necrosis  of  a portion  of  cutis  or  subcutaneous  fat-tissue,  and  around  this  the 
abscess  forms. 

A necrotic  part  cannot  be  resuscitated.  An  apparent  death  may  exist  in 
embolism;  the  anremic  part  may  appear  pale,  cold,  and  paralyzed  ; but  even 
then  it  is  not  gangrenous,  but  becomes  so  only  when  the  blood-supply  re- 
mains cut  off  for  a long  time;  only  when  a collateral  circulation  is  estab- 
lished does  life  often  return.  A second  apparent  exception  of  healing  after 
the  appearance  of  gangrene  is  met  with  in  incarcerated  portions  of  intes- 
tines. 

See  Schweninger,  Arch.  d.  Ileilk.,  1873,  XIV.,  p.  300. 
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Gangrene  acts  beneficially  only  in  comparatively  rare  cases,  where  pro- 
ducts of  inflammation  (pus)  are  destroyed  by  it,  or  where  new-formations 
(typhoid  sloughs,  hsemorrhoidal  tumors,  or  like  formations,  polypi)  are 
thereby  removed. 

Gangrene  terminates  unfavorably,  in  part  because  of  local  disturbances, 
in  part  also  because  of  the  general  infection  of  the  body. 

Dangerous  local  disturbances  are  dependent  partly  upon  the  gangrene 
itself,  partly  upon  the  inflammation,  which  limits  it.  They  are : perfora- 
tions (as  of  gangrenous  lungs  into  the  pleura;  typhous  intestinal  ulcers  and 
gastric  ulcers  into  the  peritoneum);  dangerous  haemorrhages  in  consequence 
of  incomplete  or  wholly  absent  thrombosis,  great  blood-congestion,  diseases 
of  vessels,  etc.  (of  extremities,  stomach,  intestines) ; inflammations  of 
serous  membranes  with  ichorous  exudations  on  important  organs,  e.</.,  on 
the  brain.  Or  the  body  is  exhausted  sometimes  by  mere  inanition,  some- 
times in  the  form  of  hectic  fever,  in  which  there  is  great  painlulness,  with 
wearing  away  of  parts. 

Dangerous  general  disturbances,  which  arise  in  consequence  of  gangrene, 
are  in  their  higher  degrees  usually  fatal. 

Autopsies  under  such  conditions  furnish  nothing  characteristic  besides 
the  gangrene,  the  reactive  inflammation,  and  the  causative  changes.  Com- 
mon or  so-called  croupous  inflammations  of  the  intestines  are  sometimes 
met  with.  Metastatic  foci  occurring  in  many  organs  have  sometimes  a 
gangrenous  character  (so-called  metastatic  gangrene). 


3.  progressive  metamorphoses. 


(regeneration,  hypertrophy,  TUMORS.) 

Abejwktiiy,  Surgical  lFtfnG.1811,  II— Home,  On  the  Formation  of  Tumor* 
1W0. — J.  Mi  ller,  iu  his  Archie,  1830. — Idem.  I > her  den  feineren  Ilau  un d die 
lortnen  derkntnkhaften  OeschieiiUte,  1888.— Hawkins,  in  l/tndon  Medical  Gazette-, 
1 83  i -8,— -Warren,  Pr.  Jkmerk.  u her  l Hog  a.  u.  Cur.  d.  Gtschtc.,  1830. — Vogel, 
Getcebe  ui  pathutagische  Hinsicht,  in  Wagner’s  Ih ntheiirterhach  der  Ph ysudogie,  1842, 
!.'  )’•  797 — Bkkukii,  MHet,  circa  erolut.  <tc  format  cicatrirum.  1843. — Hf  iu.mann, 
Hytr.  zur  hrnntnics  der  k ran  ken  SrJdeimhaut,  u.  *.  ir  . 1843. — Rkiniiakdt,  Trau&e's 
Beitrdge.  1843,  II. — Idem  in  Virchow'*  Archie,  I..  p.  528. — J.  and  II.  Goousia,  Ana- 
tothical  amt  Pathological  Ohiertat tout,  1845. — Bruch,  hit  IHognoxe  der  bbsartiyen 
Gtschieulste,  1847.— Virchow,  Wurtzburg.  Verhandl. , 1850.  I.,  pp.  81  and  134;  II., 
p.  J50.— Mere,  in  his  Archiv  f.  path.  Anat.,  I.,  p.  94;  IV..  p.  515;  VIII..  p.  371  ; 
XI.,^p.  89  ; X 1 \ . , p.  l. — Idem,  hie  krankhnfte  GeschtruU'e,  1803.  I.  ; 1804-5.  II.  ; 
l8(ii,IIl  , Hi.  l. — Fruiu.ii,  hcutnche  K.inik.  1852. — I'aof.t,  hectare*  on  Tumor*, 
V/ ’ * ' 1 U,ANT ’ de.  gotd-en  kiraadart.  gtzic..  3 Aufl.,  1852. — Rkmak, 

i"ici. * P-  47. —Borin,  Gazette  Medicate,  1853.  No.  51. — scuun,  Utber 

ils--1,,-'  1 8854. — His,  lhitr.  z.  norm.  u.  jnithol.  Ilietdtogie  der  Cornea, 

i u-'J’T-i iITTRI1’  * irehoic't  Archie,  1850,  IX.  p.  is.",. — ()  Wf.beu.  Vi rrhoir't  Archie, 
ou'  “ *'■  ‘ * * XXIV.,  pp.  84  and  103. — Idem,  JIundb.  der  f’birurgir.  1805,  I.,  p. 

-Pii.i.ROTn,  lied  edge  z.  pathol.  Histologic,  1858. — Idem,  lJeutxrh,  Klinik,  1859, 
No.  40  et  seq  — Uinufleisch.  Virchmr'*  Archie,  1859,  XVII.,  p.  2:19 —Idem,  Ex- 
perwu-.htaMuitien  uber  d.  Histologic  d>*  Mutes,  1803. — von  Recklinghausen,  I7r- 
Mutt  18o!' <f’  XXVIII.,  p.  157. — Thiersch,  her  Epithelialkrebt  nam.  der 

[1  aoet. , Lecture*  on  Sura.  Path. — Billrotii.  General  Surg.  Pathology. — ItiND- 
FLEibcii,  Pathological  llisUtogy.—  Ei>.] 

<»n  regeneration,  consult:  Spallanzani,  Opusc.  di  fisica.  anim.  e reget..  1770. — 
Arnkm.wn,  \ erh.  uber  d.  lley  merit  tion.  an  lebend.  Thitren..  1783. — Murray,  he 
redndegrat . ptirt.  Citrp.  anim.  ntxu  *uo  sol.  ret  umi**o,  1787. — Blcmenraiti,  Ueberd. 
J dungttriebe,  1791. — Eookrs.  Von  d.  1 Vie lererzrugn n g,  1821. — Dikkkenjiach, 
Aonn.  ac  regen.  at  transplant..  1822.— II.  Muller,  Verb.  d.  Stack.  Genii.,  1804,  V., 
2.3 
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P-  1 13. — Works  ou  plastic  surgery,  on  the  reproduction  and  new-formation  of  connec- 
tive tissue,  bone,  muscle,  nerves,  bloodvessels,  etc. 

On  the  reunion  of  parts  almost  or  wholly  separated  from  the  body,  consult  more 
especially:  Ham.eu,  Element,  physiol,  170(5,  t.  VIII.  sect.  II.,  p.  103— Wiesmann, 
J>‘  cmtlitu  pnrtium  a rtliquo  carport  prorsas  disjunetarum , 1834. — DrEFEENiucil, 
Uiiie.fi  Walt  her  Journal,  1834,  VI.,  p.  123.— Zeis,  Literal,  u.  Ge.schichte  d.  plast. 
Chn'uryie,  1803,  JS'os.  213-433,  etc. — Hanek.  Ueber  Wiederanhe&luny  voUst&ndig  vom 
Knrptr  fjitrenute.r  Ilautslueke , 1870.  (See  also  New-formation  of  Bone.) 

Compare  besides,  the  older  works  of  Galen,  Inukassia,  Fallopius,  Astruc, 
Pi.knck,  and  others;  as  well  as  the  newer  treatises  on  pathological  anatomy  and 
surgery,  and  monographs  on  special  points. 

Progressive  metamorphosis  consists  in  the  production  of  one  or  more 
new  tissues,  similar  to,  or  varying  in  various  ways  from  normal  tissues. 

Pathological  new-formations  are  either : hypertrophy  in  general,  homce- 
OPLASIA,  HOMOLOGOUS  XEW-KOKMATIONS,  that  is  to  say,  tissues  which  resem- 
ble normal  parts  of  the  organism  in  size,  shape,  arrangement,  function, 
etc. ; or  : the  so-called  heteroplasia,  heterologous  new- formations,  that 
is  to  say,  tissues  which  bear  but  little  resemblance  to  normal  tissues. 

New-formations  are  divisible  into  three  classes,  which  present  several 
intermediate  transition  forms ; as : 

Regeneration,  that  is  to  say,  the  new-formation  of  a part  which  has 
been  destroyed  ; 

Or  as  Hypertrophy,  that  is  to  say,  the  new-formation  of  tissues  of  same 
appearance  and  function  as  the  part  affected : 

Or  ns  Tumors,  that  is  to  say,  a new-formation  in  striking  contrast  to  its 
surroundings,  of  a structure  not  at  all,  or  seemingly  not  at  all  different  in 
its  histological  elements  from  the  parts  affected,  but  unlike  it  by  its  num- 
bers, size,  shape,  arrangement,  and  function. 

Regeneration,  the  fbnewal  of  a destroyed  tissue,  is  a process  which  ranks 
half  way  between  normal  and  pathological  new-formations.  It  is  very 
probable  that  gradually  all  the  tissues  of  our  body  are  reproduced:  at  any 
rate  this  is  certainly  true  of  the  hair,  nails,  the  stratified  epithelia,  of  stri- 
ated and  smooth  muscular  fibres;  it  is  almost  certain  of  all  true  epithelia, 
of  gland-cells.  The  term  pathological  regeneration  is  employed  conse- 
quently when  we  speak  of  a renewal  of  tissues  whose  destruction  has  not 
been  brought  about  by  the  normal  exercise  of  their  functions,  but  by  the 
action  of  certain  influences  whose  derivation  is  outside  the  limits  of  health. 

The  regeneration  may  be  a true  or  complete  one,  that  is  to  say,  there 
arises  a tissue  just  like  the  one  destroyed  (epidermis,  epithelium,  hair,  nails, 
connective  tissue,  bony  tissue,  nerves,  occasionally  muscular  substance,  the 
crystalline  lens,  or  possibly  the  vitreous  body).  Or,  the  regeneration  is 
imperfect,  that  is  to  say,  cicatricial  tissue  is  formed  where  loss  of  substance 
has  occurred  (external  skin  and  mucous  membranes,  glands,  etc.,  not  rarely 
also  in  muscles).  This  cicatricial  tissue  either  does  not  undergo  further 
change,  forming  permanent  scars,  or  its  place  is  after  awhile  occupied  by 
normal  structures,  provisional  scars. 

In  the  external  parts  (skin  and  bones)  regeneration  can  be  directly  ob- 
served: in  other  parts  we  are  obliged  to  infer  its  occurrence  from  the  resto- 
ration of  function — as  in  nerves;  and  under  other  conditions  it  can  only  be 
determined  by  minute,  exact,  or  even  microscopic  examination. 

In  the  human  species  regeneration  is  obtained  only  in  the  case  of  simple  tissues 
(epithelia,  connective  tissue),  or  in  the  case  of  tissue-systems  (bloodvessels,  bones, 
muscles),  never  whole  organs  or  parts  of  organs.  In  the  lower  animals  regeneration 
takes  place  on  a very  much  greater  scale  ; in  salamanders  and  lizards  reproduction  ot 
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the  tail  and  even  of  its  contained  spinal  cord  has  been  seen ; in  tritons  whole  limbs, 
the  lower  jaw,  even  the  eye,  have  been  regenerated. 

The  reunion  of  wholly  deta<  hed  parts  is  closely  allied  to  regeneration. 
This  reunion  usually  only  takes  place  if  the  separated  parts  have  been 
severed  from  the  body  only  a short  time,  so  that  it  be  yet  warm  and  viable. 
As  examples  may  be  cited  the  reunion  of  teeth  (even  dead  teeth  have  been 
known  to  revive  in  an  alveolus),  hairs,  bones,  wholly  separated  bits  of  skin 
from  various  parts  of  the  body,  separated  noses,  ears,  whole  phalangeal 
portions  of  fingers.  These  parts  are  not  merely  in  vascular,  but  also  in 
nervous  union  with  the  original  body  ; even  lupus  and  epithelial  cancer 
invade  such  parts,  sometimes  with  esjiecinl  readiness. 

The  compensatory  development  of  organs  remaining  in  the  body,  ami  hav- 
ing a structure  and  function  similar  to  those  of  the  lost  part,  belongs  in  part 
here,  but  in  part  also  enters  into  the  domain  of  hypertrophy.  For  example, 
the  development  of  small  arteries  and  veins  into  larger  vessels  in  the  colla- 
teral circulation  ; the  hypertrophy  of  one  kidney  after  atrophy  of  the  other; 
the  byjiertTophy  of  the  lymphatic  glands  after  extirpation  of  the  spleen,  etc. 

Hypertrophy  is  either  a simple,  true  hypertrophy,  in  which  the  tissue- 
constituents  exist  in  normal  number,  but  are  enlarged  ; or  is  a numerical 
hypertrophy  or  hyperplasia,  in  which  the  important  tissue-elements,  or  all 
of  them,  have  increased  in  number.  The  simple  and  the  numerical  hyper- 
trophies often  pass  into  one  another,  and  are  even  exhibited  within  physio- 
logical limits,  as  in  muscles  and  bones.  Hyj>ert-rophy  sometimes  affects 
whole  organs  (muscles,  bones,  adipose  tissue);  sometimes  only  parts  of 
organs,  when  it  is  immaterial  whether  we  call  the  growth  hypertrophy  or 
tumor  (as,  for  example,  hypertrophy  of  the  papillary  layer  of  the  skin, 
wart,  or  condyloma ; local  hypertrophy  of  the  mucous  membrane,  or  mucous 
jKilypus;  partial  hypertrophy  of  bone,  osteophyte  or  exostosis).  The  local- 
ized or  generalized  hypertrophies  of  the  connective  tissue,  in  the  midst  of 
which  the  more  important  elements,  muscular  fibres,  glandular  cells,  are 
preserved  or  reduced  iu  number,  are  commonly  called  indurations  or 
scleroses. 

Temok-like  new-fokm ation’s,  or  tumors  (growths,  neoplasmuta,  psemlo- 
plasniata,  are,  histologically  speaking,  hommoplastic  or  heteroplastic  (vUle 
supra) ; their  relation  to  surrounding  parts  is  such  that  they  are  either 
circumscribed  or  diffused.  Circumscribed  growths  are  usually  globular  or 
knotty  masses  which  have  pushed  normal  tissues  to  one  side;  in  diffused  or 
infiltrating  growths,  on  the  contrary,  the  elements  of  the  tumor  are  so  de- 
posited between  the  elements  of  the  normal  tissue  that  there  is  no  separation 
between  them  ; or  else  the  elements  of  the  tumor  occupy  the  place  of  the 
normal  elements  which  have  been  destroyed  (so-called  substitution). 

It  is  not  possible  to  give  an  exact  definition  of  the  word  tumor,  either  in  the  above 
meaning  of  the  word,  or  in  a more  general  application.  In  the  latter  sense  we  speak 
of  tumor  of  the  spleen,  tumor  of  the  face,  without  meaning  tumor  in  the  former  sense. 
Ki  would  designate  an  inflammatory  tumor  as  phlogoma.  Tumors  may,  n<  wholes, 
deviate  a great  deal  from  a normal  tissue,  but  their  ultimate  elements,  cells,  fibres, 
etc  . are  formed  like  the  cells  and  fibres  of  normal  tissues,  and  joined  together  accord- 
ing to  the  same  laws.  Tumors  do  not  differ  from  normal  tissues  by  the  presence  of 
s|*s.:ifio  elements ; but  often  they  are  not  even  abnormally  constructed,  bnt  are  abnor- 
mal (pathological  i only  because  they  occur  in  a locality  in  which  their  elements  do  not 
uormally  exist  (Heterotopia)  ; or  because  they  nre  develoj>ed  at  a time  when  their  pres- 
ence is  an  abnormality  ( Heteroehroaia).  Consequently,  V'moiiow  calls  tumors  which 
are  composed  of  only  one  tissue  (for  example,  epithelium,  or  connective  tissue),  tissue- 
iike,  or  BUTIOfD  ; those  composed  of  several  tissues,  organ-like,  or  organoid  ; lastly, 
those  composed  of  several  tissues  and  organ -like  parts  (os  tumors  of  the  skin  com* 
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posed  of  connective  tissue,  epidermis,  sweat  and  sebaceous  glands,  etc. ),  systema- 
Tom,  or  TEHATOII).  In  addition,  there  are  tumors  in  which  several  types  of  tumors 
are  combined,  combination  tumors,  manses  dmimOaires}  productions  mixtes. 

'I'li'*  occurrence  of  hypertrophies  and  new-formations  in  various  organs 
and  tissues  varies.  Some  occur  in  all  or  almost  all  tissues  or  organs,  as 
especially  the  connective  tissue  and  vessels,  tubercle  and  cancer;  this  takes 
place  cither  with  almost  equal  or  with  varying  frequency  (see  the  scale  of 
frequency  of  tubercle  and  cancer).  Many  new  formations  occur  only  in 
certains  organs  and  tissues,  in  which  case  the  latter  and  the  new-formed 
tissue  mostly  agree  in  structure : connective  tissue  occurs  oftenest  in  con- 
nective tissue  ; osseous  tissue,  oftenest  in  bones  and  periosteum  ; fat-tissue, 
almost  only  in  fat-bearing  parts,  organic  muscle- fibres,  almost  only  in  organs 
made  up  of  this  tissue,  epithelial  and  glandular  tissue,  almost  oidv  in  like 
epithelial  and  glandular  organs,  etc.  The  tissue,  from  which  all  new-for- 
mations,  with  the  exception  of  the  epithelial,  most  frequently  proceed,  the 
so-called  general  germ-tissue  of  the  body,  is  connective  tissue  in  all  its 
forms. 

The  number  of  now-formations  in  an  individual  varies  greatly.  Either 
only  one  or  several  are  found,  or  their  number  is  very  great,  innumerable. 
In  the  latter  case  new-formations  either  vary  in  structure,  their  occurrence 
together  is  accidental  (r.//.,  enchondroma  and  cancer);  or  they  have  a sim- 
ilar structure  (e.y.,  cancers).  If  new-formations  exist  in  great  number,  they 
are  located  in  the  same  organ  or  tissue  (<'■>/.,  myoma  in  the  uterus,  enchon- 
droma in  the  bones) ; or  they  are  located  in  different  organs  (c. </.,  cancer  in 
the  stomach,  liver,  and  lungs). 

The  size  of  new-formations  varies  from  an  extremely  small  size,  not  at 
all  or  just  perceptible  (e.ff.,  so-called  miliary  tubercle  and  cancer),  to  that  of 
a cherry,  egg,  the  fist,  and  larger.  Many  become  colossal  in  volume,  and 
weigh  as  much  as  50  kilo. 

The  form  of  new-formations  is  likewise  variable,  and  depends  partly  upon 
the  place  of  development,  partly  upon  unknown  conditions.  Diffuse  hyper- 
trophies have  in  general  the  form  of  the  mother-organ.  Tumors  are  oftenest 
round,  roundish,  more  rarely  irregular;  otherwise  fiat,  smooth,  or  globular. 
They  are  connected  by  their  whole  circumference  with  the  mother-organ, 
or  only  at  one  point  (so-called  peduncular,  polypoid  tumors):  these  luive 
their  origin  especially  in  proportionately  narrow  spaces,  with  indentations. 
The  surface  of  new-formations  is  smooth,  or  uneven,  or  lobed.  New-for- 
mations occurring  on  the  surface  of  the  skin,  mucous,  serous,  and  synovial 
membranes,  have  been  for  the  most  part  named : circumscribed  or  partial 
hypertrophies,  or  flat  or  insular  swellings  in  their  lower  grades,  polypous 
swellings,  polypus,  fungus  in  their  higher  grades ; in  many  special  cases 
also  dendritic  growth. 

The  consistence  of  new-formations  depends  essentially  upon  structure 
and  metamorphosis,  and  presents  every  imaginable  degree. 

The  elements  of  hypertrophies  and  new-formations  are,  on  the  whole,  the 
same  as  those  of  normal  tissues.  They  are  granules,  nuclei,  celis,  basis 
substance  of  the  most  different  kinds,  especially  connective  tissue  and 
osseous  tissue,  also  vessels,  etc. 

Pathological  cells,  on  the  whole,  are  like  physiological  cells,  in  their  his- 
tological and  chemical  properties  (size,  substance,  form  of  body  of  cell,  cell- 
membrane,  nucleus,  etc.),  as  well  as  in  their  vital  phenomena  (growth, 
accretion,  excretion,  increase,  the  ability  of  some  to  change  their  form  and 
place : fixed  or  immovable  cells  as  connective-tissue  cells,  epithelial  cells, 
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gland-cells,  etc.,  or  wandering,  amoeboid  cells,  so-called  leucocytes,  as  color- 
less blood-corpuscles,  wandering  cells  of  connective  tissue) ; these  peculiar- 
ities occur  collectively  within  the  widest  ’limits.  Besides  the  cells  proper, 
there  are  often  found  at  the  same  time,  so-called  protoblasts  (primitive 
germs,  cytoblasts,  cell-germs,  germ-cells),  t.e.,  bodies  which  consist  of  a 
nucleus  surrounded  by  a viscous  or  mucous,  bright  or  granular  substance 
(protoplasm),  which  is  sometimes  thickened  peripherically,  but  membrane- 
less : these  are  identical  with  white  blood  corpuscles,  lymph-corpuscles, 
wandering  cells,  cells  of  medulla,  lymphoid  corpuscles.  Bodies  also  are 
not  infrequently  found,  which  consist  of  a nucleus  and  of  a cortical  sub- 
stance surrounding  it  only  at  points.  Finally,  there  are  true  free  nuclei. 
The  nucleus  is  the  most  important  element  as  well  of  cells  proper,  as  of 
protoblasts:  it  regulates  the  function  of  the  cell  (the  appropriation  and 
excretion  of  nutritive  material,  the  metamoqihosis  of  cell-contents,  etc.), 
and  is  most  essentially  concerned  with  the  increase  of  cells. 

There  is  constantly  found  between  the  cells  a more  or  less  abundant, 
fluid  or  solid  intercellular  substance,  which  in  the  first  case  is  probably 
analogous  to  the  so-called  tissue-cement,  and  is  mostly  colored  black  by 
nitrate  of  silver. 

On  the  unessential  nature  of  the  cell-membrane  consult  especially  ScntXTZK  (,VmS. 
Arch.,  1861,  p.  1)  and  BrCCKB  (Stzungsbtr.  if.  IViVa.  Acad.,  XLIV.,  p.  381  : “ B2e- 
meutarorganvmen ”).  Beale  divides  the  elementary  parts  of  a tissue  into  a living 
or  germ-substance  (germinal  matter,  Sciiultze’s  protojilasin),  and  a lifeless  or 
formed  substance  (formed  matter).  The  former  is  colored  red  by  an  ammoniacal 
solution  of  carmine ; the  latter  remains  uncolored.  The  former  grows,  is  active  and 
is  the  seat  of  changes ; the  latter  proceeds  from  the  germ-substance,  but  is  passive 
and  cannot  grow  ; it  is  external  to  the  former  and  becomes  thicker  from  deposits  of 
new  material  on  its  internal  surface.  According  to  StTIWKietJF.R-SEIDEL  (Arb.  an*, 
d.  ph//*.  Aunt.  zu  Leipzig. . 1870.  IV..  p.  l»t  >,  all  cells  and  their  descendants  consist 
of  two  substances  : the  one  is  the  seat  of  physiological  function,  and  in  different 
cells  possesses  varying  physical  and  chemical  properties ; the  other  is  common  to  all 
cell-forms  and  is  truly  formative,  as  stroma;  or  appear  rather  as  a deposition  be- 
tween the  more  sharply  defined  morphological  groupings  of  the  first  substance  (e.g., 
in  transversely  striated  muscles).  Upon  it  depends  the  occurrence  of  myosin. 

Pathological  cells  nre  in  part  more  easily  changeable  and  destructible  than  phy- 
siological cells.  Various  changes  worthy  of  note  appear,  especially  nfter  the  addition 
of  water.  (See  p.  3:15.)  Many  cells  nre  then  found  uniformly  or  irregularly 
enlarged,  clearer  or  more  clouded,  sometimes  entirely  destroyed.  Or,  the  water 
entering  the  cell  aggregates  into  a sharply  defined,  round  light  spot  of  varying  size 
and  presses  the  remaining  granular  cell-contents,  sometimes  also  the  nucleus  to  one 
side.  Or,  many  such  spots  appear  in  the  cell-contents,  through  the  projection  for- 
ward from  the  cell- membrane  of  round  hyaline  globules,  which  separate,  swim 
away  and  disappear. 

The  distinction,  above  given,  between  fixed  and  movable  cells  has  recently  been 
rendered  untenable,  since  phenomena  of  motion  have  also  been  observed  in  epithe- 
lial. glandular,  cancer  cells,  as  well  as  in  connective -tissue  corpuscles.  Heli.kh  (1.  c.) 
has  observed  on  the  warmed  object-plate  movements  of  the  epithelium  of  a frog’s 
t,OI'Vm‘  °y  the  Ijorders  of  spots  where  tissue  has  l>een  lost.  Wai.DEYKR  ( VircJi.  Arm ., 
iJStw,  L\  .,  p.  Ci)  has  observed  the  same  in  epithelial  cells  of  two  mammary  cancers. 

The  pathological  presence  of  rELLS  presupposes  either  a wandering 
of  t hem  into  the  locality,  or  a rtew-formation  in  the  locality  itself. 

1 he  migration  of  cells,  which  until  now  has  been  demonstrated  only 
witli  respect  to  colorless  blood-corpuscles,  or  pus-corpuscles,  belongs, 
according  to  many,  also  to  some  others,  cells  hitherto  regarded  as  elements 
of  pure  new-formationa,  as  those  of  cicatricial  tissue,  tissue  of  pseudo-mem- 
branes, of  hyperplastic  connective  tissue  especially,  perhaps  also  those  of 
new-formed  muscles  and  nerves. 
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Since  the  discovery  of  the  migration  of  colorless  blood-corpuscles  (see  p.  152), 
those  new-fonnations,  which  at  first  consist  of  small,  round  cells  not  to  be  distin- 
guished from  the  blood-corpuscles  named,  are  no  longer  to  be  regarded  as  products 
of  epithelial  cells,  or  of  false  epithelium,  or  of  connective-tissue  corpuscles,  but  iu 
all  doubtful  cases  it  must  be  inquired  into,  whether  these  also  arc  migrated  blood- 
eorpus  des.  Iu  the  human  living  and  dead  body  we  have  heretofore  employed  for 
this  distinction  only  negative  means ; the  demonstration  of  younger  stages  of  develop- 
ment of  cells  from  epithelium  or  from  connective -tissue  cells,  etc.,  is  opposed  to 
their  migration.  So-called  feeding  of  white  blood-corpuscles  with  coloring  matters 
has  been  employed  iu  investigations  on  animals  with  respect  to  this  distinction.  (See 
p.  151.)  Many  regard  the  round,  indifferent  cells,  containing  the  coloring  matter, 
as  emigrated  blood -corpuscles  and  not  as  new-formed  cells;  RindFLKISch,  O. 
Weber,  Kkemiansky,  Maslowsky,  Aufkecht,  and  others.  In  this,  no  one  goes  so 
far  as  Billroth  (Oeatr.  med.  Jhrbb .,  1809,  XVIII.,  4 et  5 H.,  p.  3).  Molecules  of 
coloring  matter  probably  however  enter  into  young  cells  of  every  kind,  e.g.,  epithe- 
lium. And  since  such  molecules,  after  injection  into  the  blood,  are  found  not  only 
in  colorless  blood-corpuscles,  but  also  free  in  epithelium,  cartilaginous  tissue,  etc. 
(see  p.  155),  conclusions  drawn  from  such  experiments  are  to  be  received  with 
caution. 

New-formation  of  pathological  cells  takes  place  from  pre-existing 
normal  or  pathological  cells : either  by  division,  or  by  endogenous  cell- 
formation.  'Phe  origin  of  the  cell  always  precedes  that  of  the  nucleus. 
In  almost  all  cases  there  is  a simultaneous  increase  of  the  protoplasm. 

Cell-division  affects  the  cell  in  toto,  i.e.,  all  the  parts  of  it  (membrane, 
contents,  nucleus  and  nucleolus).  It  takes  place  for  the  most  part  iu  the 
long,  rarely  in  the  transverse  axis  of  the  cell.  By  division  there  are  at 
first  usually  only  two  cells  formed,  rarely  three  or  more,  at  the  same 
time:  they  are  for  the  most  part  smaller  than  the  original  cell.  The 
division  itself  affects  first  the  nucleolus,  then  the  nucleus,  which  become 
elongated,  and  then  constricted  in  the  middle  and  divided;  the  protoplasm 
at  the  same  time  increases  in  quantity.  After  complete  division  of  the 
nucleus,  the  cell  at  first  shows  a depression  at  one  point,  which  then  con- 
tinues around  the  cell  and  finally  divides  it,  so  that  two  (or  even  three  or 
more)  cells  are  formed  with  nucleus.  Division  of  cells,  and  especially  that 
of  the  nucleus,  is  accomplished  quickly,  within  a few  seconds,  so  far  as 
observations  have  demonstrated  this  in  living  cells  and  on  the  warmed 
object-plate.  It  not  infrequently  retrogrades,  after  it  has  already  pro- 
gressed very  far.  It  is  rarely  observed  in  epithelial  cells. 

Klein  (Med.  Ctrlbl. , 1870,  No.  2)  observed  division  of  the  colorless  blood-corpuscles 
of  the  triton,  as  well  as  of  the  frog,  from  cleaving  of  a previously  formed  connecting 
filament,  as  well  as  by  constriction.  In  man  he  observed  only  the  latter.  The 
corpuscles  of  triton’s  blood  may  divide  more  than  once.  Hoffmann  agrees  with 
these  views. 

Strickek  describes  a third  form  of  division  in  wandering  cells  of  the  tongue  and 
cornea  of  the  frog  ( Studien .,  1809,  I.,  Cap.  II.). 

Budding,  so-called,  is  a variety  of  cell-increase  by  division.  After  single 
or  manifold  division  of  the  nucleus,  one  or  many  nuclei  advance  to  the 
periphery  of  the  cell.  The  latter  protrudes  at  these  points  like  buds,  and 
at  the  same  time  a nucleus  enters  each  bud.  Finally  the  bud  separates 
and  becomes  a free  nuclear  cell. 

Consult  also  Lang  ( Virch.  Arch.,  1872,  LIV.,  p.  85). 

Endogenous  cell-formation  (endogenous  cell-division)  consists  in  this; 
the  nucleus,  after  previous  division  of  the  nucleolus,  divides  into  two, 
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rarely  into  many,  nuclei.  With  the  simultaneous  enlargement  of  the  cell 
the  new-formed  nuclei  divide,  etc.,  so  that,  finally,  a cell  is  formed  with 
4,  8 and  more  nuclei. 

The  cells,  in  a series  of  cases,  remain  unchanged  : so-called  mother-cells 
with  daughter-cells— giant-cells,  myeloplaxes.  This  process  is  found 
especially  often  in  cells  without  a proper  cell-membrane.  Then  there  arise 
for  the  most  part  finely  granular  masses  of  varying  size,  even  inacroscopi- 
cal,  round  or  rounded  or  provided  with  numerous  processes,  according  to 
the  density  of  the  surrounding  tissue,  and  containing,  the  majority  of 
them,  10,  20,  50  and  more  peripherically  placed  nuclei.  They  occur 
physiologically  in  bone-marrow,  pathologically  in  the  tissue  of  granula- 
tions, in  tumors  of  every  kind,  especially  in  sarcoma  and  tubercle.  The 
giant-cells  of  bone-tissue,  which  in  later  years  have  been  often  investi- 
gated, are,  according  to  many,  metamorphosed  osteoblasts,  and  organs 
which  dissolve  bone-tissue  and  teeth  (osteoclasts).  What  significance  they 
possess  in  the  above  mentioned  new-forrnations,  it  is  not  yet  clear:  in 
many  they  are  found  only  occasionally,  as  in  granulations,  while  in  many 
sarcomata  and  in  all  true  tubercle  their  occurrence  is  constant. 

In  one  other  series  of  cases  the  nuclei,  in  endogenous  cell-formations, 
become  in  the  interior  of  the  cells — probably  by  a kind  of  wrinkling  of 
the  cell-contents — cells:  so-called  mother-cells  with  daughter-cells,  or 
mother-cells  with  daughter-cells  and  daughter  - nuclei.  Finally,  the 
daughter-nuclei  like  the  daughter  cells,  by  a rupture  of  the  membrane  of 
the  mother-cell,  become  free,  and  the  original  or  mother-cell  is  destroyed. 

The  Physiological  IMPORTANCE  of  the  above-mentioned  formations  was  first 
made  known  by  KdLLIKKR  ( Vtrh. , V.,  2.  March,  1872).  Where  bones  and 

teeth  depend  upon  a resorption  in  the  normal  course  of  development,  they  always 
show  a finely  pitted  surface  iso-caUed  Howship’s  iacuna;).  In  each  pit,  and  corre- 
sponding in  form  and  sire,  there  is,  for  the  most  part,  a giant-cell  ; sometimes  a 
single  giant-cell  fills  two  pita ; or  larger  pits  contain  many  giant-cells.  The  giant- 
cells  arise  by  a transformation  of  the  cells  of  bone  tissue  (the  osteoblasts),  and  are 
the  organs,  which  dissolve  the  bone-tissue  and  teeth:  osteoclasts,  ( Km>chen~ 
brccher)  or  ost-eophagi.  In  the  interior  of  bones  there  are  found  lacuna;  of  resorp- 
tion with  osteoclasts:  closely  following  the  borders  of  ossification  of  ossifying  car- 
tilage; in  the  widls  of  all  large  medullary  spaces  of  dev> -loping  bones,  etc.  In  the 
external  surface:  on  the  dental  furrow  of  embryonal  jaws;  at  many  points  of  bones 
bounding  the  cranial  cavity;  etc.  Osteoclasts  are  found  also  in  the  resorption  sur- 
faces of  the  dentine  of  deciduous  teeth,  as  well  as  in  ivory  pegs,  which  had  been 
driven  into  living  bone.  They  belong  to  the  same  category  of  elements  as  osteo- 
blasts. Transitions  are  found  between  both  forms  of  cells:  osteoclasia  at  first 
isolated,  then  always  more  numerous  between  the  osteoblasts  may  )*■  directly 
observed;  if  the  surfaces  of  resorption  of  bones  again  become  surf;  ices  of  growth, 
osteoblasts  succeed  the  osteoclasts,  whence  K.  concludes  to  a transformation  of  the 
latter  by  division  into  osteoblasts.  The  n-sorptiou  of  bone  and  teeth  is  not  preceded 
by  a solution  of  the  lime  salts,  as  in  osteomalacia : inorganic  ami  organic  bancs 
disappear  simultaneously.  Likewise  there  is  observed  a crumbling  of  hard  struc- 
tures before  their  solution;  the  disappearing  portions  of  bones  always  have  sharp 
smooth  walls,  etc. 

According  to  Wkgner  (fari.  med.  Ge*.  Sitzg.,  V.  20.  March,  1S72;  Yirch.  Ardt., 
18,2,  I,\  I.,  p.  o2;l),  when  hones  disapj>ear  in  a normal  or  pathological  manner,  then 
there  arises  in  the  vessels  of  the  neighboring  tissue,  dura  mater,  periosteum,  medul- 
lary tissue,  etc.,  a growth  of  the  cellular  elements  of  their  walls;  the  products  of 
growth,  poly-nuclear  cells,  are  pressed  against  the  part  in  the  form  of  thick 
bodies  or  very  thin  plates,  are  slowly  buried  in  more  or  less  deep  pits,  lacuna:,  of  the 
bones,  whilst  they  by  the  pressure  of  growth  induce  resorption.  If  the  surfaces 
disappear,  they  then  grow  in  a lateral  direction  to  the  surface,  meet,  unite  by  oppo- 
site processes  into  net-works,  form  trabeculated  membranes  with  all  transitions  to  a 
continuous  membranous  layer  of  a finely  granular  substance  with  innumerable 
nuclei.  Now  the  affected  thin  bone-surface  has  disappeared : myeloplaxes  are 
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developed  into  vessels,  or  into  fibrous  tissue,  or  perhaps  into  medullary  cells.  If 
the  process  continues,  the  same  events  occur  in  the  vessels  now  lying  superficial  to 
the  bones,  and  so  layer  after  layer  enters  into  insensible  resorption. 

Consult  also  the  earlier  investigations  of  Brkdichin  (Med.  Vtrlbl .,  1807,  No.  36) 
and  RlNDFLKIst’il  (Lchrb.,  1873,  p.  350  et  seq  ). 

The  pathological  importance  of  giant-cells  has  not  yet  been  generally  established. 
They  are  formed  sometimes  in  so  small  numbers  and  so  inconstantly,  that  they  do 
not  change  the  character  of  the  new-formed  tissue:  as  in  the  granulation-tissue  of 
various  parts.  Sometimes  they  occur  constantly  and  determine  alone  or  especially 
the  character  of  the  new-forinntion : as  in  many  sarcomata  and  in  tubercle. 

Lansjians  ( Virch.  Arch.,  LI.,  p.  66)  has  observed  contractility  and  motility  in 
giant-cells. 

Rindfleisch  (Virch.  Arch.,  XXIII.,  p.  519),  in  opposition  to  the  usual  view  that 
increase  of  cell -nuclei  is  a progressive  metamorphosis,  holds  that  it  is  conditionally 
a step  toward  destruction  of  cells.  R.  could,  e.g.,  by  arresting  the  pulmonary 
respiration  of  a frog  by  a ligature  and  its  cutaneous  respiration  by  immersion  in 
water,  transform  the  well-known  uni-nuclear  colorless  blood-corpuscles  into  cells 
resembl ing  pus-corpuscles. 

If  endogenous  formation  takes  place  in  cells  with  double  membrane,  an  external, 
the  capsule,  and  an  internal,  the  so-called  primordial  sac,  and  in  cartilage-cells,  the 
external  membrane  remains  unchanged,  while  the  primordial  sac  is  divided  once  or 
many  times:  the  cells  resulting  from  this  division  show  sometimes  only  a single 
envelope,  corresponding  to  the  primordial  sac,  sometimes  the  latter  secretes  later 
still  another  external  membrane  or  capsule,  while  the  capsules  of  the  mother-cells 
gradually  blend  with  the  intermediate  substance. 

Sometimes  the  nucleus  within  the  cell  divides  not  singly,  but  at  the 
same  time  pushes  out  many  bud-like  formations,  which  are  finally  con- 
stricted and  further  develop  in  the  cell-contents  as  free  nuclei. 

As  CELL-FORMATION  IN  NUCLEI'S- BEAUINO  PROTOPLASM,  RlNDFLElSCU  (1.  C., 
1871,  p.  55)  designates  that  form,  where  free  nuclei  apparently  are  imbedded  in  a 
homogeneous  substance,  but  where  by  reagents  there  is  made  to  appear  a differentia- 
tion of  the  protoplasm,  so  that  each  nucleus  belongs  to  a small  round  cell.  This  is 
the  case  in  granulation-tissue,  in  many  sarcomata  and  cancel's.  This  is  not  true  of 
giant -cells. 

Endogenous  free  cell-formation  consists  in  this,  that  one  or  many 
nuclei  are  formed,  independently  of  the  cell-nucleus,  out  of  the  cell-contents 
in  a manner  not  yet  fully  known,  by  means  of  a kind  of  partial  furrowing, 
which  nuclei  afterwards  become  cells  anil  then  abandon  the  mother-cells. 
Cells  new-formed  in  this  manner  are  always  mucus  or  pus-corpuscles. 
Many  regard  this  manner  of  cell-genesis  as  not  proven : free  and  endo- 
genously formed  cells  are  according  to  them  migrated  cells.  (See  p.  21s.) 

According  to  RrzzozERO  (Gaz.  mcd.  It'd .,  1871.  p.  62),  the  large  forms  occurring 
on  epithelial  surfaces,  which  forms  contaiu  besides  a nucleus,  as  many  as  twenty 
forms  similar  to  pus -corpuscles,  so  that  the  latter  taken  up  by  the  former,  are  swal- 
lowed up  (vcrschlungen). 

Most  cells  ai-e  capable  of  increase.  The  movable  and  fixed  corpuscles 
in  connective  tissue  of  every  kind,  especially  also  the  adventitia  of  vessels 
are  most  often  the  points  of  departure  of  pathological  new-formations,  also 
voun<7  bone-corpuscles  and  cartilage-cells,  also  epithelial  and  glandular  cells 
(epithelial  cells  only  in  their  youngest  layers);  perhaps  (seep.  250)  also 
colorless  blood-corpuscles.  The  same  capacity  is  possessed  also,  but  more 
rarely,  by  the  endothelial  cell  of  the  bloodvessels,  and  especially  by  those 
of  the  lymphatics,  also  the  nuclei  of  the  capillaries,  those  of  the  neuril- 
emma, sarcolemma,  and  the  nuclei  of  organic  muscle-fibres. 
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Concerning  the  share  which  the  elements  of  the  walls  of  the  hloodvessels  take  in 
new  - formations,  sec  V IRC  Ho  w.  ,-lrc//. . XI\ ..  p.  1.  \\  eber,  lb .,  XXIX.,  p.  84. — Sick, 

lb,.  XXXI.,  p.  205.— Arndt,  lb.,  LI.,  p.  495. 

The  uppermost  cells  of  the  skin  and  most  mucous  membranes,  common 
bone-corpuscles,  according  to  many  also  the  endothelium  of  serous  mem- 
branes and  vessels,  as  well  as  all  more  greatly  degenerated  cells,  have  lost  the 
capacity  of  increase.  Likewise  little  has  been  demonstrated  with  certainty 
respecting  the  part  taken  in  cell-formation,  of  the  so-complicated  nerve- 
cells  of  tite  ganglia,  brain  and  spinal  cord. 

Rin  del  risen  (Lehrb.,  1 Aufl.,  p.  221)  has  token  the  view  respecting  the  epithe- 
lium of  serous  membranes,  that  malignant  new -formations  proceed  directly  from  it 
Consult  also  Rec  k lingua  E8KN  on  the  epithelium  of  lymph-vessels  ( Uratft ’*  Arch, 
f.  Ophtfuilm..  1 8!54,  XII..  II.  2.  p.  (52  ; Sit.z. -Her.  d.  Warzb.  ph.-vud.  (it*.,  18(55-06. — 
Koesteb  ( Virch.  Arch.,  XL.,  p.  408).  According  to  Mktnkrt,  processes  of  division 
of  the  bodies  of  the  eortical  substance  of  the  brain  in  febrile  diseases  (typhoid 
fever,  acute  tuberculosis).  Likewise  according  to  Tiggks  (*4%.  Ztschr.  f.  l‘»ych. , 
XX  ). 

The  youngest  new-formed  cells  are  commonly  small,  round,  have  for  the 
most  part  no  proper  membrane,  but  a distinct  nucleus  and  nucleolus.  In 
this  state  they  show  no  further  j»eeuliarities  from  which  their  later  form, 
size,  arrangement,  etc.,  can  be  determined  or  conjectured:  i.e.,  those  young- 
est cells,  so-called  formation-cells,  or  primordial  cells,  or  granulation- cells, 
are  to  be  differentiated  in  the  course  of  their  development  like  the  tissues 
of  the  embryo;  they  may  become  connective  tissue  corpuscles,  bone-corpus- 
cles, muscle- fibres,  etc.,  or  also  cancer-cells,  sarcoma  cells,  etc.,  and,  accord* 
ing  to  many,  also  true  epithelium ; they  may  secrete  an  intercellular  sub- 
stance, which  remains  always  liquid,  or  later  becomes  solid,  remains  homo- 
geneous, or  becomes  fibrous,  etc. 

The  cells  which  arise  from  various  tissues  usually  give  rise  to  definite 
new-formations  : especially  true  is  this  of  true  epithelium,  from  which 
only  epithelial  formations  arise  (epithelium  of  regeneration,  glandular 
new -formations,  epithelial  cancers) ; from  connective  tissue  is  developed 
a connective  tissue,  poor  or  rich  in  cells  (cicatricial  tissue — fibroma, 
sarcoma,  endothelial  and  connective-tissue  cancer,  etc.);  vessels  arise 
from  vessels,  etc.  t >nly  a number  of  less  characteristic  new-formations, 
especially  those  formed  of  nuclei  and  small  cells,  may  be  formed  from  dif- 
ferent tissues,  with  the  exception  of  true  epithelial  tissue : thus  probably 
lymphomata,  connective-tissue  cancers,  etc.  (Concerning  pus- corpuscles, 
see  p.  247.) 

Most  probably  the  laws  of  normal  development,  which  belong  to  the  cells  of  the 
three  germinal  layers  and  their  derivatives,  also  operate  when  these  cells  become  sub- 
ject, in  a pathological  manner,  to  formative  irritation.  Accordingly  all  pathological 
epithelial  formations  are  descendants  from  the  cutaneous  and  glandular  layers ; all 
connective  tissue,  osseous,  vascular,  etc.,  formations  arise  from  the  middle  blastoder- 
mic layer.  Genetic  mixing  of  the  different  cell-forms  probably  no  longer  takes  place 
after  completion  of  the  separation  of  the  cells  in  the  blastodermic  membranes.  The 
endothelium  of  blood-  and  lymphatic  vessels,  of  serous  membranes,  lymph -glands, 
etc.,  may  again  produce  endothelium,  and  probably  also  connective  tissue.  Accord- 
ing to  many,  pus -corpuscles  may  have  their  origin  in  the  tissues  and  organs  of  all 
three  blastodermic  layers.  ( Vide  infra. ) 

TllO  TRANSFORMATIONS  OF  ONE  TISSUE  INTO  ANOTHER,  histologically  and 
chemically  different,  belong  properly  to  the  metamorphoses,  but  may  with 
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propriety  bo  treated  of  here.  These  transformations  of  tissues  have  many 
physiological  types:  thus  the  transformation  of  mucous  tissue  into  fatty 
tissue,  that  of  bone  and  cartilaginous  tissue  into  connective,  or  medullary 
and  bone  tissue,  etc. 

Such  tissue-metamorphoses  occur  pathologically,  in  part  in  epithelial 
forms,  for  the  most  part  by  the  transformation  of  epithelium  of  a more  or 
less  cylindrical  form  into  pavement  epithelium.  In  part  they  are  found  in 
tissues  belonging,  in  the  broadest  sense  of  the  word,  to  connective  tissue. 
Common  connective-tissue  cells  may  be  transformed  into  those  of  mucous, 
cartilage-,  bone-tissue,  fat-cells,  etc. ; common  basis  substance  into  mucous, 
cartilage-,  bone-,  etc.,  substance,  sometimes  with  little,  sometimes  very 
great  difference  of  chemical  composition.  A transformation  of  a connective- 
tissue  substance  into  a true  epithelial  one,  or  vice  versd,  the  latter  into  the 
former,  has  not  with  certainty  been  observed. 

The  growth  of  hypertrophies  and  tumors  is  the  same  in  general  as  that 
of  normal  tissues.  It  takes  place  sometimes  from  the  beginning  with  toler- 
able uniformity;  sometimes  it  is  irregular,  even  periodical,  and  for  the 
most  part  without  known  cause,  rarely  dependent  upon  menstruation,  preg- 
nancy, local  irritations,  general  diseases,  etc.  But  in  particular,  growth 
is  different,  according  as  the  new-formations  are  circumscribed,  are  diffuse. 
The  former  are,  with  few  exceptions,  confined  to  the  uterus,  while  many  of 
the  latter  may  affect  promiscuously  almost  all  tissues. 

Circumscribed  tumors  grow  by  enlargement  or  increase  of  their  elements ; 
the  neighboring  parts  have  no  share  in  the  growth,  but  become  simply 
separated  from  one  another:  so-called  concentric  growth.  Diffuse  or 
infiltrated  new-formations  grow  partly  in  the  same  manner;  but  especially 
by  the  change  of  layer  after  layer  of  the  neighboring  tissues,  in  the  same 
manner  as  at  the  beginning:  excentriu  or  peripheric  growth.  Some- 
times these  new-formations,  especially  tubercle  and  cancer,  develop  as  new 
tumors  (daughter-tumors)  about  the  first  tumor  (mother-tumor),  which  new 
tumors  gradually  unite  with  the  former  and  with  one  another. 

All  malignant  tumors,  those  really  and  those  apparently  circumscribed,  ns  especially 
the  diffuse,  so  grow,  according  to  Virchow,  that  the  first  tumor,  the  “ mother-tumor,” 
reaches  only  a small  size  and  afterward  ceases  to  grow.  In  the  meantime,  however, 
new  tumors,  ‘‘daughter- tumors,”  are  formed  in  its  neighborhood,  which  finally  be- 
come so  large  that  they  come  in  contact  with  one  another  and  coalesce  with  one 
another  and  the  principal  mass.  Between  them  in  the  periphery  new  tumors  are 
formed,  etc.,  the  daughter-tumors  are,  according  to  V.,  formed  by  the  spreading  of 
an  infectious  matter,  a miasm  from  the  place  of  the  first  formation,  and  indeed  by 
direct  imbibition,  simple  endosmosis,  into  the  neighborhood. 

The  progress  of  growth  in  true  and  false  hypertrophies  in  general  is  slow. 
In  tumors  it  varies  greatly. 

The  laws  of  the  circulation  ant)  NUTRITION  of  hypertrophies  and 
tumors  are  the  same  as  those  of  normal  parts  of  the  body : therefore  not 
only  all  the  disturbances  of  circulation  (especially  amemia,  hyperiemia,  and 
haemorrhage),  but  also  inflammation  and  gangrene,  as  well  as  almost  all 
disturbances  of  nutrition  (especially  simple  atrophy,  fatty  and  mucous  meta- 
morphosis), and  on  account  of  the  (for  the  most  part)  irregular  distribution 
of  vessels,  etc.,  occur  comparatively  often.  All  these  disturbances  of  nutri- 
tion have  an  influence  with  respect  to  the  new-formation  itself,  often  also 
with  respect  to  the  whole  organism,  since  they  change  the  former,  even 
inducing  decay,  and  may  exercise  upon  the  latter  an  influence  sometimes 
beneficial,  sometimes  injurious. 
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The  most  important  events  of  hypertrophies  and  tumors  are  therefore: 

Unchanged  existence  (many  congenital  tumors  of  the  skin,  many  lipo- 
mata  and  fibromata  may  remain  unchanged  for  years  and  tens  of  years). 

Progressive  growth,  until  surgical  or  medical  assistance  becomes  effective, 
or  death  appears. 

Disturbances  of  the  circulation,  of  every  kind. 

Atrophy  and  degeneration  of  almost  every  kind,  especially  simple  atrophy 
and  fatty  metamorphosis,  especially  important  in  hypertrophic  striated  and 
smooth  muscles ; regularly  in  tubercles  (so-called  yellow  tubercle)  ; not 
rarely  in  cancers,  etc. 

Gangrene,  mostly  dry,  very  rarely  with  complete  elimination. 

Spontaneous  retrograde  formation : many  warts  and  corns,  also  pointed 
and  broad  condylomata ; to  a certain  degree,  almost  all  cicatrices,  bone- 
callus,  almost  all  syphilomata,  many  cysts,  sarcomata,  and  carcinomata ; 
general  increase  of  fat  in  old  age. 

Transformation  of  a hypertrophy  or  new-formation  into  another  new- 
formation,  especially  homoeoplastic  into  heteroplastic  formations,  so-called 
degeneration:  formation  of  cancer  in  cicatrices  of  every  kind,  in  almost 
all  hypertrophies,  and  in  many  tumors;  sarcomatous  formation  in  fibroma; 
sarcomatous  and  cancerous  formation  in  mother-marks,  etc.  These  trans- 
formations or  degenerations  occur  sometimes  without  a known  cause,  some* 
times  they  are  consequences  of  mechanical  or  chemical  irritations,  to  which 
the  new-formation  is  subjected.  Among  these  latter,  as  affecting  external 
new-formations,  are  included  therapeutic  measures  of  every  kind,  especially 
puncture  and  extirpation. 

Differing  from  this  are  the  so-called  compound  or  mixed  TUMORS,  «. t. , those 
new-formations  which  from  the  beginning  consist  of  two  or  more  tissues,  which 
usually  occur  aloue. 

After  spontaneous,  therapeutic,  and  especially  surgical  removal  (ex- 
tirpation, etc.),  the  parts  affected  remain  either  free  from  the  new -formation, 
or  the  latter  returns  in  the  cicatrix  or  in  the  neighboring  tissues:  so-called 
RELAPSE.  The  latter  is  rarely  found  in  en capsuled,  hard  tumors  j>oor  in 
cells,  which  have  been  entirely  removed;  but,  on  the  other  hand,  it  fre- 
quently occurs  in  tumors  infiltrated  and  rich  in  cells,  especially  the  sarco- 
mata and  cancers.  Local  n lapse  has  its  foundation  only  in  incomplete 
removal,  or  in  the  leaving  behind  tumors  which  are  perfect  or  have  just 
begun  their  growth. 

TiriERscif  distinguishes  the  continual,  the  regi°nary-  and  the  infectious  relapse: 
the  lirst  appears  after  incomplete  extirpation  ; the  second,  when  the  same  anatomi- 
cal changes,  which  preceded  the  disease  in  the  original  site,  occur  later  also  in  its 
neighborhood;  the  third  arises  from  the  penetration  of  infecting  elements  into  the 
circulation.  According  to  Bn.I.ROTn  ( lmn.  WocJirntchr .,  11*1*7,  No.  72),  regionary 
relapses  are  jnsrhaps  dependent  upon  inoculation  of  the  elements  of  tumors  into  the 
borders  of  the  wound  by  the  knife  of  the  oi*erator. 

1 he  general  symptoms  of  hypertrophies  and  tumors  vary. 

Hypertrophy  shows  a general  increase  of  volume  (and  increase  of  weight) 
ol  flu*  affected  part.  It  exists  in  solid  organs  as  merely  so-called  hypertro- 
phy, with  retention  of  the  normal  form  or  with  the  production  of  greater 
plumpness  (e.g.,  hypertrophic  muscles,  hypertrophic  bones,  so-called  splenic 
tumor).  In  hollow  organs  it  appears  as  hypertrophy  of  different  kinds: 
e.g.,  in  the  heart  as  simple,  excentric,  and  concentric  hypertrophy,  in  the 
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uterus  as  so-called  infarction,  here,  as  in  the  stomach,  intestine,  urinary 
bladder,  mostly  with  dilatation,  more  rarely  with  contraction  of  the  cavity. 
All  true  hypertrophies  are  accompanied  mostly  by  an  increased  function, 
which  is  for  the  most  part  easily  to  bo  seen  in  non-muscular  organs  of  every 
kind,  and  is  of  the  greatest  importance,  while  in  glandular  organs  it  cannot 
usually  be  positively  demonstrated. 

Tumors  are  sometimes  from  beginning  to  end  sharply  circumscribed ; 
sometimes  they  gradually  become  diffuse  ; sometimes  they  are  from  their 
earliest  appearance  diffuse,  and  in  the  latter  case  they  pass  without  distinc- 
tion into  almost  all  tissues  (so-called  growing  malignant  tumors).  They 
grow  sometimes  slowly  (especially  the  so-called  homcsoplastic  tumors,  poor  in 
colls),  sometimes  remarkably  quick  (many  sarcomata,  soft  cancers),  and  in 
both  cases  for  the  most  part  irregularly  and  excentrieally.  Tumors  growing 
on  free  surfaces  or  in  cavities  not  infrequently  soften  and  break  up:  the 
latter  takes  [dace  sometimes  from  without  inward  (in  consequence  of  too 
great  tension  ot  the  skin  or  mucous  membrane),  sometimes  from  within 
outward  (in  consequence  of  previous  central  softening  of  the  tumor  and  of 
the  skin  or  mucous  membrane,  transformed  into  their  tissue). 

The  influence  of  hypertrophies  and  tumors  is  first  on  the  mother-organ, 
then  on  the  neighboring  parts,  and  finally  on  the  whole  organism. 

The  intt  ncnce  on  the  mother-organ  consists  in  its  enlargement,  mostly 
with  increase  of  function  in  true  hypertrophies  (external  muscles,  heart, 
bladder,  etc.) ; in  destruction  of  the  affected  parts  by  substitution  from 
infiltrations,  by  compression  by  tumor-shaped  new-formations,  in  contrac- 
tions by  new-formations  in  cavities  and  canals,  etc. 

The  influence  on  neighboring  parts  consists  especially  in  pressure  upon 
them,  with  all  its  consequences,  lessening  their  motility,  giving  rise  to  dis- 
turbances of  the  circulation,  etc. 

The  resistance  of  various  tissues  to  new-formations  is  dependent  partly 
upon  the  kind  of  tissue,  partly  upon  whether  the  new-formation  is  an  hypertro- 
phy or  a heteroplasia  in  form  of  an  infiltration  or  tumor.  In  hypertrophies 
the  original  parts  of  tissues  exist  wholly  or  in  part  unchanged.  Infiltrated 
heteroplastic  new-formations  destroy  normal  structure  in  general  more 
quickly  and  thoroughly,  especially  on  account  of  the  obstructed  flow  of 
blood  and  blastema,  while  circumscribed  tumors  are  followed  for  the  most 
part  only  by  a compression  of  various  grades. 

The  following  general  propositions  apply  to  the  tissues.  Common  CONNECTIVE 
TISSUE  is  preserved  for  the  most  part  a long  time,  but  is  usually  less  waving  and  less 
fibrous,  but  more  rigid  and  homogeneous,  its  corpuscles  become  smaller  or  disappear 
altogether;  or  it  is  destroyed  by  a kind  of  softening.  Bone-tissue  suffers  either  a 
wasting,  or  becomes  necrotic,  or  loses  its  lime-salts,  while  its  fibrous  basis  substance 
remains.  CARTILAGE  resists  new-formations  comparatively  long;  various  changes  of 
the  basis  substance  and  cells,  even  necrosis,  appears  for  the  most  part  only  after 
great  compression  or  complete  infiltration  of  the  perichondrium.  Elastic  tissue, 
and  especially  the  tissues  consisting  of  it  (many  ligaments,  middle  coat  of  the  larger 
arteries,  lung-tissue),  show  the  greatest  resistance  to  neoplasms.  Vessels  vary  in 
their  behavior  with  new  formations,  according  to  their  structure  and  function:  often 
they  are  destroyed  (tubercle),  while  at  other  times  they  are  related  to  the  nutrition  of 
the  new-formation.  Arteries  stubbornly  resist  tumors  of  every  kind  ; veins  are  attacked 
by  new-fonnations  much  more  easily,  first  and  most  readily  in  the  adventitia,  latest  in 
the  intima.  if  they  are  not  compressed  by  them.  Lymphatic  vessels  are  sometimes 
compressed  by  the  new-formation.  sometimes  the  latter  attacks  them.  Muscular  and 
Nervous  tissues,  for  the  most  part,  with  the  exception  of  peripheral  nerves  long  ex- 
empt. as  well  as  cellular  forms  (epidermis,  mucous  membranes,  glands),  are  usually 
quickly  destroyed. 
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The  influence  on  the  whole  organism  varies  greatly  not  only  with  the 
different  forms  of,  but  also  with  the  same  hypertrophy,  and  with  difficulty 
admits  of  a general  representation.  In  some  cases  it  is  favorable:  this  is 
true  especially  of  regenerations  of  some  tissues  and  of  many  hypertrophies, 
especially  of  muscular  organs.  At  other  times,  hypertrophies  and  tumors 
are  entirely  without  influence:  this  is  true  especially  of  small  enc&psuled 
formations  in  organs  less  essential  to  life  or  iu  some  parts  of  other  organs. 
Tumors  so-called,  for  the  most  part  exercise  an  unfavorable  influence  on  the 
w hole  organism.  This  depends,  excepting  in  the  case  of  the  affection  al- 
ready referred  to  of  the  womb  and  neighboring  parts,  upon  the  number  and 
size,  but  especially  upon  the  structure  and  metamorphoses  of  the  tumors. 

Some  true  and  numerical  hypertrophies  are  of  beneficial  influence  on  the  whole 
organism,  since  they  are  followed  by  a compensating  disappearance  of  other  disturb- 
ances: thus  hypertrophies  of  the  heart  in  so-called  cardiac  insufficiency,  those  of 
organic  muscle-fibre  above  contracted  points,  those  of  fine  kidney  in  atrophy  of  the 
other,  etc.  The,  until  then,  not  infrequent  latent  symptoms  of  the  original  affection 
appear  at  the  time  when  the  hypertrophic  tissue  or  organ  suffers  disturbances  of 
nutrition. 

With  respect  to  structure,  new-formations,  especially  tumors  proper,  are  indifferent 
proportionately  to  their  approach  in  their  gross  and  finer  structure  t-o  the  normal  tissues 
of  the  body,  their  hardness,  vascularity  and  cell-contents,  and  the  distinct  ne-s  of  their 
encapsulation.  On  the  other  baud,  they  are  important  in  proportion  to  the  opposite 
conditions,  especially  if  they  are  rich  in  cells,  and  are  more  connected  with  the  original 
tissues. 

Metamorphoses  of  hypertrophies  are  of  harmful  influence  in  those  which  act  com- 
pensatorily  (most  new-formations  of  muscles,  etc.).  In  tumors  they  are  sometimes 
advantageous,  since  they  prevent  farther  growth  (calcification,  etc.),  or  cause  them  to 
disappear,  perhaps  even  to  lie  completely  absorbed  (fatty  degeneration,  etc.),  or  at 
least  are  followed  by  exhaustion  of  their  infectious  properties  (mucous  metamorphosis) ; 
sometimes  they  are  detrimental,  as  many  softenings,  gangrene,  etc. 

New-formations,  especially  tumors,  occur,  as  already  said,  sometimes 
singly,  sometimes  even  in  great  numbers.  In  the  latter  ease,  the  tumor 
affects  either  one  and  the  same  organ  myoma  of  the  uterus,  cancers  of 
the  liver  or  lungs);  or  similar  organs  (e.g.,  exostoses  of  different  bane,  sar- 
comata of  the  lymphatics  of  different  parts);  or  it  is  seated  in  different 
organs.  In  the  latter,  not  infrequently  also  in  the  former  case  many  or 
multiple  new-fonnatious  rarely  have  about  the  same  constitution  (many  cases 
of  common  chronic  cancer  and  the  cases  of  acute  cancer).  Tumors  are  com- 
monly found  in  different  organs,  especially  cancers  in  a varying  condition 
dependent  upon  the  length  of  their  existence.  Those  new-formations  which 
are  first  noticed  by  the  person  affected,  or  which  show  the  most  marked 
changes,  which  aim)  not  infrequently  have  the  greatest  volume,  are  called 
PRIMARY  tumors.  New-formations  of  other  neighboring  organs  in  contin- 
uous connection  therewith  are  called  progressive.  All  other,  and  for  the 
most  part  smaller  and  young  tumors,  are  called  secondary,  or  metastatic. 
Jhese  secondary  new-formations  are  located  either  in  the  same  organ  and 
tissue  near  the  primary  or  separated  from  them.  Or,  they  are  located  in 
the  corresponding  lymph-glands  ( e.g .,  iu  the  mesenteric  glands  in  tubercu- 
losis of  the  intestines,  in  the  axillary  glands  in  mammary  cancer).  Or,  they 
are  located  iu  the  tissues  and  organs  connected  with  the  organ  of  the  pri- 
mary new -formation : e.g.,  in  the  intestinal  serous  membrane  in  tubercu- 
losis of  the  mucous  membrane,  iu  the  pleura  in  mammary  cancer,  in  the 
liver  in  cancer  of  the  stomach  and  intestines,  in  the  bronchial  glands,  pleura, 
ami  sir-passages,  not  infrequently  abo  the  liver,  etc.,  in  many  cases  of  pul- 
monary tuberculosis.  Or,  finally,  they  are  located  in  organs  which  stand 
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in  no  relation  to  the  organ  of  the  primary  new-formation : e.g.,  in  the  kid- 
neys in  cancer  of  tlie  stomach,  in  the  jugular  glands  in  cancer  of  the  uterus. 
The  number  of  the  secondary  new-formations  is  sometimes  very  small,  some- 
times extraordinarily  great. 

The  origin  of  secondary  or  metastatic  new-formations  has  been  explained 
in  various  ways.  In  all  cases  the  primary  tumor  forms  the  centre  of  infec- 
tion, the  secondary  tumors  are  the  secondary  affections  arising  therefrom 
by  displacement.  In  serous  membranes  where,  e.g.,  besides  a primary 
cancer  reaching  into  the  serosa,  secondary  cancers  in  varying  number  may 
be  separated  and  carried  away  into  other  parts  and  there  undergo  farther 
development : this  has  been  more  often  observed  in  the  peritoneum,  more 
rarely  in  the  pleura.  In  all  other  cases  the  origin  of  secondary  tumors  takes 
place  through  the  blood-  and  lymph-channel.  Here  there  are  again  found 
two  possibilities.  According  to  the  one  view,  liquid  (without  corpuscular 
elements)  travels  from  the  primary  new  formation  within  the  fissures  of 
tissues  or  through  the  lymph  or  bloodvessels  into  the  circulation,  infects 
the  tissues  in  the  parts  affected  and  induces  in  them  like  new-formations. 
This  mode  of  origin  is  not  to  be  directly  observed ; although  many  micro- 
scopical forms  can  hardly  be  otherwise  explained.  The  other  view  is  pre- 
ferable, that  from  the  primary  new-formation  corpuscular  elements, 
especially  cells,  still  capable  of  life  and  propagation,  enter  the  blood-  or 
lymph-vessels  or  both,  and  in  the  blood-  or  lymph-current  act  like  emboli, 
and  then  become  fixed  in  the  capillaries  (lymph-glands — liver,  lungs),  or 
into  the  blood-capillaries  of  other  organs  and  tissues,  and  here  either  in- 
crease, or  the  adjacent  cells  give  rise  to  like  new-formations.  Both  views 
are  sustained  by  the  frequency  of  secondary  new-formations  in  those  organs 
iu  which  the  vessels  of  the  primary  new-formation  are  first  of  all  received 
(lymph-glands — liver,  lungs).  The  second  view  is  supported  by  the  fact 
that  new-formations  rich  in  cells  (enchondromata,  sarcomata,  carcinomata) 
not  infrequently  break  through  the  wall  of  the  lymphatic  vessels  and  veins 
into  them,  and  here,  in  the  blood-  as  well  as  in  the  lymph-current,  they 
Continue  to  spread.  Also  by  the  circumstance,  that  not  only  large  (visible  to 
the  naked  eye),  but  also  microscopical  tumor-masses  have  been  found,  like 
embolic  thrombi  in  the  vessels  of  lymph-glands,  in  the  vena  portm  and 
pulmonary  artery  ; also  the  peculiar  structure  of  many  secondary  can- 
cel’s of  the  lymph-glands,  agreeing  entirely  with  that  of  primary  cancers; 
finally,  the  analogy  with  secondary  or  metastatic  abscesses  of  the  same 
organs. 

Consult  Vnicnow,  Ges.  Abh.,  1856,  pp.  850  et  551  ; Die  krankh.  OescJiw.,  1868, 
I.,  p.  83. — O.  Weber,  Virch.  Arch .,  1806,  XXXV.,  p.  501.—  LOcke,  lb.,  p.  524.— 
Hirsgiifeld,  Arch.  d.  llilk.,  1809,  X.,  p.  537. — L.yveran,  Getz.  hebd. , VI.,  No.  33. 
— Fultz,  Tr.  din.  et  eceper.  des  embolie*  eapiU. , 1870. — Acker,  1).  Arch.f.  klin.  Med., 
1872,  XI.,  p.  173.  In  a case  reported  by  Acker  there  was  found  a probable  migra- 
tion of  cancer-cells  out  of  the  bloodvessels  into  the  alveolar  spaces  and  interstitial 
tissue  of  the  lungs.  Farther  special  evidence  hearing  upon  this  will  be  furnished  dur- 
ing the  consideration  of  the  neiv-formations  in  question. 

Whether  the  cells  carried  away  with  the  blood-  or  lymph-current  develop  further, 
or  whether  they  act  only  as  bearers  of  specific  new-formations  and  serve  to  create  in 
the  adjacent  elements  the  same  new-formation  (so-called  metabolic  effect),  has 
not  heretofore  been  demonstrated  by  observation.  THIERSCH  and  Waldeyer  defend 
the  former  for  secondary  epithelial  cancers,  while  Virchow,  O.  Weber.  Li’cke, 
Klebs,  and  others,  assume  the  latter. 

Secondary  new-formations  may  finally  arise  immediately  through  the  lymphatic 
vessels,  as  well  as  through  the  excretory  gland-ducts.  The  former  is  possible  in 
serous  membranes,  at  least  in  the  pleura,  where  an  immediate  transfer,  e.g.,  of  the 
cancer-cells  of  the  pulmonary  pleura  upon  the  costal  pleura  has  nothing  histologically 
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to  oppose  it.  The  latter  can  occur  on  the  skin  and  many  mucous  membranes,  where 
us  in  cancer,  sometimes  the  part  in  contact  becomes  affected  : it  would  then  have  an 
analogy  in  other  forms,  e.g. , syphilitic  diseases  of  the  skin. 


Some  new  formations,  especially  cancers  and  tubercle,  those  of  organs 
essential  to  life,  or  of  many  organs  simultaneously,  are  in  many  cases  fol- 
lowed by  cachexia  or  dyscrasia,  especially  after  a long  duration  and 
beginning  destruction.  This  is  characterized  by  the  usual  phenomena  of 
general  chronic  ansemia,  sometimes  rather  by  those  of  that  which  depends 
upon  losses  of  blood  and  the  humors,  sometimes  that  which  is  dependent 
upon  a want  of  nutrition  (anaemia  of  inanition). 

The  causes  of  these  cachexia*  lie  most  often  in  the  diminished  or  arrested 
function  of  organs  essential  to  life  (cancers  of  the  oesophagus,  stomach,  intes- 
tines, tuberculosis  of  the  last)  ; in  pain,  loss  of  sleep,  etc.,  and  resulting 
insufficient  nutrition,  etc.  ; in  the  absorption  of  the  elements  of  the  new- 
formation  into  the  humors,  and  consecutive  disturbances  of  organs  or  of 
the  whole  organism  ; in  the  absorption  of  septic  products  from  out  of  de- 
caying new  formations ; in  haemorrhages ; in  other  forms  of  disease  conse- 
cutive upon  the  new-formations,  etc. 

An  acute  cachexia  with  a,  for  the  most  part,  high,  more  or  less  typical 
fever,  occurs  in  some  acute  lymphoid,  especially  typhous,  new-formations. 

The  causes  OF  HYPERTROPHIES  AND  TUMORS  are  partly  predisposing,  partly 
exciting. 

The  PREDISPOSING  causes  are  : 

1.  Inheritance:  shown  esjMjcially  in  the  adipose  state,  tuberculosis, 
syphiloma,  cancer,  also  in  many  tumors  of  connective  tissue,  cartilage  and 
bone,  in  warts  and  cysts.  By  hereditary  transmission  new-formations  either 
are  present  at  the  time  of  birth  (especially  many  muvi,  multiple  tumors  of 
the*  skin),  or  they  are  develop'd  only  in  the  later  years  of  life  (obesity, 
tubercle,  cancer). 

2.  Age:  in  general,  new-formations,  esjieciully  tumors  proper,  are 
frequent  at  the  age  of  thirty,  still  more  frequent  at  fifty.  Hypertrophy  of 
the  brain,  so-called,  occurs  most  often  at  the  age  of  dentition,  hypertrophy 
of  tin*  mammary  glands  at  the  time  of  the  development  of  puberty  ; many 
now  formations,  especially  many  of  quick  growth,  occur  almost  only  in  youth 
(teleangiectasia?,  euchondvoma,  medullary  cancer),  others  in  the  middle 
years  of  life  (fibroma,  cysts),  others  in  aged  individuals  (epithelial  cancer), 
many  occur  in  every  ago  (tubercle,  syphiloma,  c&noer).  There  are  congeni- 
tal tumors,  connected  with  foetal  development  as  well  as  with  extra- 
uterine  growth,  which  proceed  from  fcctal  elements:  so-called  colloid  tumors 
ot  the  clivus,  cysts  of  the  broad  ligament,  etc.,  exostoses  and  enchondromata 
near  to  or  on  the  epipbysal  cartilages. 


'REICH  ( 1 irch.  Arch.,  XXXVI.,  p.  found  primary  cancer  of  the  liver  of 
iMii.in  t urty-seven  years  old  and  at  the  end  of  pregnancy,  very  numerous  secon- 
Y!P.C'ln;r-  ttc"  mamma,  uterus,  thyroid  gland,  and  in  a foetus  prematurely 

, ,*  ' ! rt  80,110  w°eks,  and  which  died  on  the  sixth  day,  a cancerous  swelling  in 
the  skni  and  subcutaneous  tissue  over  the  left  patella. 

3.  Sex  . new-formations,  on  the  whole,  are  of  more  frequent  occurrence 
m men  t tan  in  women;  many  are  more  frequeut  in  men  (epithelial  cancer), 
others  m women  (lijioma,  fibroma,  cysts). 


Moulting  is  not  accomplished  in  birds  which  have  been  castrated.  Likewise  young 
tags,  i i privcd  of  their  genitals,  do  not  have  new  horns;  older  stags  cease  to  change 
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them.  Male  castrates,  whose  testicles  have  been  removed  before  puberty,  develop  no 
beard,  only  a few  pudendal  hairs,  thicker  hairs  on  the  bead ; on  the  other  hand,  after 
castration  after  puberty  the  beard  remains,  bnt  thinner,  to  old  age. 

4.  Epidemic  and  endemic  conditions  arc  sometimes  of  undoubted  influ- 
ence : hypertrophy  of  the  thyroid  gland,  lymph-glands,  tuberculosis,  perhaps 
also  cancer. 

5.  Special  disposition  of  some  organs  and  localities,  so-called  local 
predilection  : tuberculosis  of  certain  organs  and  parts  of  organs  (apices  of 
the  lungs,  ileum,  posterior  surface  of  the  larynx,  etc.),  likewise  cancer 
(lower  lip,  uterus,  vagina,  mamma,  pylorus  of  the  stomach,  etc.),  syphilitic 
new-formations,  especially  in  parts  of  the  periosteum  and  osseous  tissue 
exposed  to  mechanical,  and  perhaps  also  thermic  influences. 

The  parts  affected  are  either  physiologically  incompletely  developed  (articular  ex- 
tremities of  bones,  roots  of  the  temporary  teeth — milk-glands,  uterus,  testicles) ; or 
they  represent  pathologically  incomplete  tissues  (frequency  of  new-formations  in 
common  cicatrices  of  soft  parts,  in  bone-callus,  in  retained  testicles) ; or  their  nutri- 
tion is  interrupted  by  existing  diseases  (frequency  of  polypi,  warts,  tubercles,  osteo- 
phytes and  exostoses  in  chronic  inflammation  of  skin,  mucous  membrane,  bone). 

0.  Excessive  physical  and  mental  exertion,  depressing  emotions,  bad 
social  conditions  are  sometimes  causes  of  tuberculosis  and  cancer. 

7.  Previous  diseases,  e.</.,  measles,  typhoid  fever : tuberculosis ; catarrhs 
of  mucous  membranes:  polypi. 

The  exciting  causes  are  in  general  all  conditions  which  are  followed  by  an 
increased  supply  of  nutritive  material  through  hypenemia,  more  rarely  by 
Congestion  of  blood,  or  by  diminished  discharge  of  lymph. 

Increased  arterial  blood-supply  is  for  tho  most  part  followed  by  increased  nutrition. 
Bonders  and  Snellen  (1.  c. ),  as  well  as  O.  Weber  ( Med.  Centr .,  1 8(54 , No.  10), 
found  that  during  congestion  appearing  after  section  of  the  cervical  sympathetic, 
wounds,  cauterized  parts,  etc.,  healed  more  quickly  than  in  healthy  parts.  That  also 
nasvi  or  affections  like  naavus  (papilloma,  etc.)  proceed  from  affections  of  the  nerves, 
is  shown,  by  the  cases  recorded  by  BArenhprcng  (Ann.  dcr  ('her.,  18(53,  111..  2 II., 
p.  91),  Geriiardt  ( Jahrb . fur  Kindi  rf  rkh.,  1871,  IV.,  p.  270),  Simon  (Arch,  fur 
JDermut.  •>/.  Si/ph. , 1872,  IV.,  p.  24),  etc.  Joseph  (Arch.  f.  Aunt.  Phyx. , etc.,  1872, 
p.  200)  obtained,  on  the  frog,  other  results  concerning  the  influence  of  nerves  on 
nutrition  and  new-formation : he  referred  the  hypenemia  after  nerve-section  to  a 
relaxation  of  all  the  soft  parts  of  the  leg.  If  a cock's  spur  be  transplanted  from 
the  leg  to  tde  comb,  where  it  meets  with  a tissue  much  more  vascular  and  receives 
a more  abundant  nutrition,  it  will  often  grow  excessively  (to  12  cent.  : Paget).  In 
large,  slowly  growing  tumors  of  tbe  extremities,  the  hair  and  nails  become  enormous, 
the  vessels,  and  not  infrequently  also  the  nerves,  become  hypertrophic.  In  necrosis 
in  young  persons  the  bones  of  the  extremities  have  been  observed'  to  become  longer 
(Paget,  Stanley,  O.  Weber),  etc. 

1.  Increased  function:  hypertrophy  of  muscles  of  every  kind,  e.r/., 
hypertrophy  of  all  the  muscles  of  the  body  and  extremities  in  laborers, 
gymnasts,  etc.  ; of  the  muscles  of  the  right  extremity  of  smiths,  etc.  ; of  the 
muscles  of  the  calf  of  the  leg  of  dancers,  etc. ; hypertrophy  of  the  heart 
from  all  causes,  which  continuously  or  repeatedly  increase  the  heart’s  func- 
tion (abnormal  dilatation  of  the  heart,  contraction  of  the  valvular  orifices, 
obstructions  in  the  aorta  or  pulmonary  artery) ; hypertrophy  of  the  urinary 
bladder  from  obstruction  to  the  evacuation  of  the  urine,  that  of  the  stomach 
ami  intestine  above  constricted  points,  etc. 


Diminished  function,  especially  motion,  not  infrequently  leads  to  obesity. 
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2.  Mechanical  (pressure,  etc.)  and  chemical  irritations,  especially  if 
they  are  frequently  repeated  and  if  they  are  of  moderate  intensity  : hyper 
trojxhies  of  the  skin  (corns,  warts,  condylomata,  etc.),  of  the  mucous  mem- 
branes, bones,  many  glands,  especially  lymph-glands;  formation  of  pus, 
granulations,  cicatricial  tissue;  encapsuling  of  foreign  bodies;  epithelial 
cancer  of  the  lower  lip  ; cancer  of  the  tongue  and  (esophagus,  granular  liver 
in  drinkers ; so-called  post  mortem  tubercles  on  the  hands,  especially  on  the 
dorsal  surface  of  those  of  anatomists ; tumors  in  retained  testicles,  in  cica- 
trices. 

That  herein  the  activity  of  cells  may  be  independent  of  the  vessels  is  shown  by 
experiments  on  plants,  and  on  those  lower  animals  which  consist  only  of  cells : the 
cells  as  such  first  of  all  react  to  the  irritant.  Local  irritation  is  insisted  upon,  by 
Yntf  now  especially,  as  essential  in  the  origin  of  tumors. 

How  differently  the  same  cause  acts  upon  different  persons  is  shown  by  the  so-called 
corpse-tubercle:  many  anatomists,  and  others,  become  sick  within  a few  weeks 
after  exposure,  others  remain  entirely  exempt.  I knew  a furrier,  who  in  his  stay  in 
his  establishment  opened  the  bodies  and  removed  the  organs  from  their  cavities  : after 
seven  months’  labor,  and  forty -two  autopsies,  both  hands  were  covered  with  numerous 
tubercles,  which  reached  the  size  of  many  square  inches ; they  remained  unchanged 
for  three  years,  when  the  man  resumed  his  work. 

3.  Vicarious  function  : hypertrophy  of  the  remaining  bone  in  extremi- 
ties witli  two  bones;  hypertrophy  of  one  kidney,  one  testicle,  after  destruc- 
tion of  the  other  organ ; hypertrophy  of  lymph-glands  in  atrophy  of  the 
spleen  ; etc. 

4.  J’oisons  of  disease:  small-pox,  gonorrhoea,  syphilis,  glanders,  typhoid 
fever,  etc. 


These  poisons  show  at  the  same  time,  that  specific  poisons  excite  a specific  cell- 
activity,  which  at  first  appears  to  be  wholly  independent  cf  the  vessels  and  nerves. 


5.  Transmissibility  of  a new-formation  from  man  to  man,  as  well  as 
that  from  xuan  to  animals  and  rice  versa,  has  until  now  been  demonstrated 
only  of  the  above-mentioned,  for  the  most  part  acute  and  cellular  new- 
formations,  as  well  as  of  tubercles.  Clinical  and  experimental  proofs  of 
the  transmissibility  of  cancer  are  still  wanting. 

The  experiments  of  LanGENBECK.  Lebert.  and  Foi.i.tn  certainly  are  not  conclu- 
sive. On  the  other  hand,  O.  Wkbkk  ( ('hir.  Erf.,  p.  289)  saw  in  a dog  and  in  a cat 
n growth  like  medullary  cancer  arise  after  introduction  of  a moderate  quantity  of 
the  same  under  the  skin,  which  sustuius  the  view  of  direct  continuous  growth  of 
inoculated  cells. 

All  the  atiove-mentioned  predisposing  and  exciting  causes  hold  good  only  of 
primary  new-formations  and  tumors.  That  other  conditions  of  origin  of  secondary 
new- formations  exist,  has  been  already  mentioned. 


Many  hypertrophies  however,  and  most  tumors  are  spontaneous,  i.e., 
we  do  not  know  the  causes  of  their  origin. 

1 he  causes  of  the  immunity  of  many  tissues  and  organs  (cartilage, 
thyroid  gland,  ovaries)  from  most,  or  some  new-formations  are  wholly 
unknown. 

J he  nomenclature  of  mw- formations  is  in  part  so  old,  that  the 
original  sense  of  the  name  is  now  entirely  forgotten  (e.r/.,  in  tuliercle, 
cancer,  sarcoma) ; it  is  in  part  histological  (epithelioma,  myoma,  neuroma)  ; 
in  part  retkdogical  (syphiloma).  Compound  new-formations  are  mostly 
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named  from  a part  of  their  structure,  that  which  is  most  prominent : e.g., 
adenoma,  myoma,  enchondroma. 

The  classification  of  new-formations  may  be  regarded  from  various 
stand- points.  The  distinction  of  benign  and  malignant  new-formations  is 
practically  the  most  imjjortant.  Their  classification  according  to  their 
histological  elements,  their  genesis,  the  duration  of  their  constituents  has 
not  as  yet  been  strictly  made. 


The  INNOCENCE  and  malignity  of  new-formations  are  purely  clinical  notions, 
not  at  all,  or  only  partly  patholcgico-anatomical.  Those  new-formations  are  in  general 
called  malignant,  which  are  almost  always,  at  least  in  the  earlier  stages,  rich  in  cells, 
and  therefore  soft  and  often  vascular,  which  extend  for  the  most  part  without  sharp 
limits  into  the  neighboring  tissues,  which  usually  return  in  the  same  spot  after 
extirpation,  and  where  for  the  most  part  the  corresponding  lymph-glands,  not  infre- 
quently also  internal  organs  (oftenest  the  lungs  or  liver,  sometimes  also  other  organs) 
become  affected  in  the  same  manner,  and  which,  finally,  by  long  continuance  are  at- 
tended by  sympathy  of  the  whole  body  so-called  dyserasia).  Danger  to  life  does  not 
depend  entirely  upon  the  malignancy  of  the  new-formation  : innocent  new-forma- 
tions may  likewise  be  attended  with  a fatal  termination  from  compression  of  organs 
essential  to  life. 

Nothing  further  need  be  added  with  respect  to  the  histological  classification  of 
new-formations. 

With  respect  to  GENESIS,  new-formations  are  those  which  are  derived  from  the 
upper  and  lower  germinal  layers  (especially  epithelial  new-formations),  those  which 
arc  derived  from  the  middle  layer  (on  the  one  hand  vessels,  on  the  other  connective 
tissuo,  etc.),  and  those  which  are  derived  from  the  latter  and  one  of  the  former. 

With  respect  to  the  DURATION  ok  their  elements,  new-formations  are:  a. 
transitory  (lymphatic  new-formation,  many  tubercles,  many  cancers,  etc.);  b.  per- 
manent (almost  all  consisting  of  cells  and  intercellular  substance);  c.  mixed  (healing 
by  second  intention,  many  cancers,  etc.). 

Virchow  divides  tumors  in  general  into:  1.  those  which  are  from  the  elements 
of  the  blood,  extravasation  and  exudation  tumors  (blood-tumors  or  hasmatomata ; 
transudative  or  exudative  tumors,  hygromata);  2.  those  which  consist  of  secreted 
matters,  dilatation  or  retention-tumors  (atheroma,  mucous  cysts,  etc.);  •>.  those, 
which  proceed  from  proliferation,  proliferation  tumors,  pseudoplasms,  growths. 

The  classification  followed  by  us.  of  new-formations,  is  chiefly  a histological  one, 
and,  corresponding  to  practical  needs,  is  at  the  same  time  setiological  and  clinioal. 


I.  NEW-FORMATION  OF  CONNECTIVE  TISSUE  AND  OF  VESSELS. 

New-formations  of  connective  tissue  and  of  vessels  almost  always  occur 
together,  so  that  a separate  consideration  of  these  is  admissible  in  ouly  a 
few  cases. 

CRUVEILHIER,  Annt.  path.,  1820.  Livr.  XXIII.,  PI.  3 et  4 ; Livr.,  XXX.,  PI.  5. — 
Schwann,  Microsc.  Unter n.  ub.  d.  Uebereinst.,  etc.,  1839. — IIenle,  Alt//.  Aunt., 
1841  .—Hoppe,  Virch.  Arch.,  1853,  V.,  p.  170.— Jos.  Meyer,  Ann.  d.  fieri.  Char.. 
1853,  IV.,  p.  41.— Virchow.  Arch.,  1853,  V.,  p.  590;  VI.,  p.  525;  XI.,  p.  387 ; 
XVI.,  p.  1;  Wurzb.  Verb.,  I.,  p.  143;  II.,  pp.  150  et  314;  Die  krunkh.  G endue.. 
18(53.  I.,  p.  287;  III.,  1 II.,  p.  306. — Sciiun.  Ztschr.  d.  Qc*.  d.  Wien.  Aerzte, . 1853. 

p.  481. Rokitansky,  Ztnchr.  d.  Gen.  d.  Wien.  Aerzte.  1854,  p.  256  ; Lchrb.  dear 

nath.  Anatomic.  1855.— Billroth.  Virch.  Arch..  1855,  VIII.,  p.  2(50;  fic.it r.,  1858, 
p.  i. — Verneuil.  Gas.  med.  dc.  Par  in,  1856,  Nos.  5-8. — Schm.'x  Jahrb..  B.  91.  p.  21.— 
Heschl,  Drag.  Vjhrschr.,  1856.  XIII. — Baur,  Die  Entwickelung  der  Bindesnbstans., 

1858. B.  Schulz,  fie  ortu  ran.  sanguiferorum,  Bonn,  1860. — O.  Weber,  1 irch. 

Arch.,  1860.  XIII.,  p.  74;  XV..  p.  465;  XXIX,  p.  84.— L.  Porta,  Dell'  angectada, 
1861.— Recklinghausen,  Virch.  Arch.,  1863,  XXVIII..  p.  157,-KOhne.  Enters, 
ub.  d.  Protopl.  v,  d.  Contract.,  1864.— Thiersch.  In  Pitha  u.  Billroth'*  Chir.,  18<>7, 
I 2 Abth. , p.  529.— Kremiansky.  Wien.  med.  Wnchr.,  1868,  No.  1-6.—  Ranvier, 
journ.  d,  i'aiiat.  et  de  physiol. , 1868,  II..  p.  471.- Sciiweigger-Seidel,  Arb.  uus 
d.  phys.  A,at.  zu  Leipzig., 'i860,  p.  121.— Boll,  Arch.  f.  micr.  Arad.,  1871,  VIL,  p. 
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275;  YTTI.,  p.  OS. — Arnold.  Yirch.  Arch.,  1870,  LIII.,  p.  70;  LIV.,  pp.  1 et  408.— 
Flemming,  lb.,  LVI.,  p.  140. 

'Virchow,  Pathol,  des  tumeurs,  eel.  framjaise.  1807,  t.  I.,  p.  125;  t.  II.,  p.  168. 
Paget,  Lecture * on  Surg.  Pathol,  1870.— Billroth,  General  Surg.  Pathol.,  N.  Y., 
I860.—  Eu.J 


I.  NEW-FORMATION  OF  CONNECTIVE  TISSUE. 

New-formed  connective  tissue  occurs  under  three  forms:  as  regeneration 
of  connective  tissue  or  as  cicatricial  tissue, — as  so-called  connective  tissue 
hypertrophy  or  induration, — and  as  connective-tissue  tumor. 

A new-formation  of  connective  tissue  occurs  PHYSIOLOGICALLY,  in  various  physio- 
logical hypertrophies  of  the  skin,  fat-tissue,  muscles,  tendons,  fasci®,  ligaments, 
bones,  etc.,  arising  chiefly  from  increased  function,  and  in  the  healing  of  physio- 
logical haemorrhages  (umbilical  coni,  uterine  mucous  membrane,  ovaries). 

Common  or  fibrous  (fibrillar)  connective  tissue  is  oftonest  new-formed. 
It  consists  of  unbranched  connective-tissue  FT  BRILL. £,  which  yield  gela- 
tine, which  are  sometimes  arranged  in  bundles  (connective  tissue-bundles), 
sometimes  irregularly  or  regularly,  anti  which  are  more  or  less  loosely 
interlaced  (net-i.ike  ami  compact  connective  tissue).  Finally,  it  is 
either  solid,  so-called  formed,  as  in  tendons,  serous,  fibrous  membranes, 
the  eorium  of  the  skin  and  mucous  membranes,  the  periosteum,  cornea, 
etc.,  or  it  is  loose,  areolar,  so-called  formless,  us  in  fat-tissue,  between 
the  intestines,  muscles,  etc.  Between  the  connective-tissue  fibres  and 
bundles  there  is  everywhere  found  a minute  or  more  abundant  quantity  of 
fluid,  formless,  albuminous  substance,  the  so-called  intermediate  sub- 
stance, or  cement. 

His  denies  the  existence  of  the  intermediate  spaces  of  loose  connective  tissue 
except  in  the  sub-arachnoid  spaces,  as  well  as  between  the  sclera  ami  choroid.  All 
remaining  spaces  of  connective  tissue  are.  according  to  H.,  either  lymphatic  capil- 
laries, or  they  are  filled  by  so-called  mucous  or  mucoid  substance,  which  with  the 
fibrous  substance,  H.  considers  as  an  essential  element  of  connective  tissue. 

Two  different  kinds  of  corpuscles  are  found  in  connective  tissue.  With- 
out preparation  (or  after  the  addition  of  acetic  acid,  etc.,  whereby  the 
fibres  swell  and  become  very  pule)  there  apjK-ar  corpuscles  in  varying 
numbers,  which  serve  not  only  for  the  movement  of  the  juices  and  the 
nutrition  of  the  connective  tissue,  but  also  are  of  especial  importance  with 
respect  to  the  development  of  most  new-formations.  They  are,  according 
to  the  older  view,  either  small,  slender  nuclei  not  connected  with  one 
another  (so-called  connective-tissue  nuclei),  or  larger,  spindle  or  star-shaped 
cells  with  distinct  nucleus  and  with  two  or  more  filamentous,  for  the  most 
part  hollow  processes:  connective-tissue  cells  or  connective  tissue  cor- 
puscles. According  to  the  more  recent  investigations  these  bodies  are 
mostly  elongated,  irregularly  dentated,  in  different  localities  and  in  differ- 
ent ages  in  various  parts  variously  formed  crooked  plates,  which  contain, 
centrally  or  eccentrically,  a smooth  elliptical  nucleus  and  about  this,  granu- 
lar protoplasm:  connectivf.-tissuf.  cell-plates.  Besides,  connective 
tissue  in  many  places  contains  a second  form  of  corpuscles,  which  have  the 
same  size,  the  same  optical  properties,  the  same  contractility  and  ability  to 
wander,  as  colorless  blood-corpuscles  and  pus-corpuscles.  They  are  dis- 
tinguished from  the  first  described  variety,  by  the  designation : movable 
connective-tissue  corpuscles,  or  wandering  cells.  They  originate  most 
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probably  in  tlio  blood.  Their  signification  is  not  yet  known.  We  little 
know  likewise,  whether  one  kind  of  connective-tissue  corpuscles  can  pass 
by  transformation  into  another. 

A greater  part  of  connective  tissue  corpuscles  have,  by  the  more  recent  investiga- 
tions of  tendons  by  Ranvieh  and  Bonn,  of  the  cornea  by  ScuwEiGGER-SEinEL 
and  Bonn,  of  other  forms  of  connective  tissue  by  FnEM.umG  (see  new  formation  of 
fatty  tumor),  shown  a compound  structure.  Accordingly  the  nucleus  and  the  dark 
protoplasm  surrounding  it,  which  alone  has  hitherto  been  regarded  as  connective- 
tissue  corpuscles,  lie  in  the  centre  or  periphery  of  a large,  elongated,  irregularly 
dentated,  variously  curved  plate.  These  plates  (Boll’s  endothelioid  cells)  probably 
communicate  regularly  by  means  of  very  delicate,  easily  broken,  pale  processes. 
The  protoplasmic  contents  fluctuates  with  the  form  of  the  plate:  it  is  least  in 
especially  flattened  cell-forms,  while  rounded  cell-forms  (e.g.,  in  the  stroma  of  the 
testicle)  have  a distinctly  granular  protoplasm.  According  to  Boli,  connective -tissue 
cells  are  not  always  bound  to  fibrillar  connective  tissue,  but  occur  also  independ- 
ently, as  in  the  testicle,  where  they  lie  immediately  upon  the  walls  of  the  capillary 
vessels.  In  most  flattened  forms  the  individual  independence  of  the  cells  is  lost,  and 
their  limits  become  invisible,  so  that  extended  membranes  finally  appear,  whose 
cellular  composition  can  no  longer  be  seen,  but  only  inferred.  The  plates  line  the 
clefts  in  connective  tissue  and  cornea,  and  in  this  relation  act  like  the  endothelia 
of  lymphatic  vessels  and  serous  membranes.  According  to  Ranvieh,  every  single 
cell-plate  is  rolled  up  into  a hollow  cylinder  and  is  firmly  united  with  neighboring 
plates,  so  that  there  is  formed  a kind  of  drain-pipe  : the  connective  tissue  therefore 
is  a lymph-sac.  According  to  FLEMMING,  it  is  a system  of  lymphatic  spongy 
cavities,  whose  walls  consist  of  fibrillte  and  an  interfibrillar  substance  ; the  above 
cells  are  located  on  the  latter  like  interrupted  endothelium.  In  tendons,  the  cells 
lie  so  near  to  one  another,  that  there  is  formed  by  them  a branched  system  of  endo- 
thelial tubes,  a plasmatic  canal  system  (Ranvieh).  According  to  Boll,  investiga- 
tion of  embryonic  tendons  shows,  that  the  cell-plates  sheathe  the  fibrillar  bundles 
themselves ; they  are  themselves  parts  of  the  elastic  sheaths  of  the  connective-tissue 
bundles. 

The  channels  in  which  migratory  connective-tissue  corpuscles  move,  are  not  yet 
certainly  known  : they  are  either  the  circumscribed  spaces  of  connective  tissue 
plates,  or  it  is  the  cement  between  the  fibrillie.  Some  connective-tissue  cells  with 
processes  of  various  length  and  thickness,  with  finely  granular  contents,  with  dis- 
tinct oval  nucleus  or  nucleus-like  body,  show  a slow  change  of  form,  but  no  change 
of  locality. 

Homogeneous,  or  Reichert’s  connective  tissue  is  rarely  new-formed.  1 1 
contains  no  distinct  bundles  or  fibrillse,  but  consists  of  a substance,  which 
is  membranous  with  respect  to  extent,  or  exists  in  large  masses,  is  finoly 
granular  or  slightly  striated,  wholly  homogeneous,  clear  and  which  prob- 
ably likewise  furnishes  gelatine.  It  is  found  in  so-called  homogeneous 
connective -tissue  membranes  (the  bright  sheaths  about  the  bundles  of  the 
arachnoid,  the  adventitia  of  smaller  bloodvessels,  the  neurilemma  of 
smaller  nerve-branches,  the  envelopes  of  the  Malpighian  bodies  of  the 
spleen,  gland  follicles  of  the  intestine,  the  envelopes  of  the  glandular  ele- 
ments of  the  testicles,  Graafian  follicles,  many  racemose  and  pouch-shaped 
glands). 

Manifold  transitions  are  found  between  fibrillar  and  homogeneous  con- 
nective tissue. 

The  so-called  mucous  tissue  or  gelatinous  connective  tissue,  which 
occurs  in  the  vitreous  body,  Wharton’s  jelly  of  the  umbilical  cord,  in  the 
foetus  in  place  of  fat-tissue  in  medulla,  etc.,  consists  of  a mucus-like  basis 
substance  containing  mucus  and  albumen,  not  yielding  gelatine,  sometimes 
provided  with  round,  partly  amoeboid,  sometimes  with  radiate,  anastomos- 
ing, soft,  nucleated  cells. 

New-formed  connective  tissue  of  every  kind  almost  always  contains 
bloodvessels;  for  the  most  part  also  lymphatics,  sometimes  nerves. 
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New-formation  of  pathological  connective  tissue  takes  place,  according  to 
tlie  views  held  heretofore,  from  connective  tissue  itself  in  all  its  varieties. 
By  division  of  the  connective-tissue  corpuscles,  more  rarely  by  endogenous 
new-formation,  there  arise  sometimes  only  two  cells,  sometimes  a mass  of 
cells,  which  either  are  spindle-shaped  (so-called  spindle-shaped  connective- 
tissue  cells),  or  which  at  the  beginning  have  a round  form,  but  immediately 
become  spindle-shaped  or  radiate.  How  basis  substance  arises  between 
these  cells  (fibro-blasts),  lying  at  first  in  close  opposition,  has  not  yet  been 
with  certainty  observed.  According  to  one  view,  it  arises  by  direct  meta- 
morphosis of  the  protoplasm.  According  to  another  view,  the  cells  se- 
crete a soft  homogeneous  substance,  which  either  always  remains  soft  and 
homogeneous,  contains  mucus  and  albumen  (mucous  tissue),  or  it  obtains  a 
greater  consistence  (homogeneous  connective  tissue),  or  hard  and  affording 
gelatine,  becomes  fibrillar  (fibrous  or  common  connective  tissue).  The 
cells,  if  their  basis  substance  is  formed,  rarely  retain  their  distinctly  cellu- 
lar nature,  but  become  afterward  for  the  most  part  more  indistinct.  (Or 
they  are  further  transformed  into  fat,  pigment- cells,  etc.)  The  basis  sub- 
stance may  in  time  undergo  various  changes.  According  to  some,  also  the 
formative  cells  of  connective  tissue  are  in  many  cases  migrated  colorless 
blood-corpuscles:  at  least  they  are  like  them  in  all  points,  contain  coloring 
matters,  which  had  previously  been  injected  into  the  animals,  and  migrate 
in  oval  and  spindle-shaped  cells  and  further  on  into  fibrous  tissue. 

Neumann  (Arch.  d.  Ifnlk. , 1869,  X.,  p.  601)  himself  concludes  with  respect  to 
pathological  new-formation  of  connective  tissue  (Schwann’s  and  Beale’s  view), 
that  the  protoplasm  of  cellular  elements  is  metamorphosed  into  fibrillar  connective 
tissue  intercellular  substance.  The  cells  in  this  metamorphosis  are  called  ‘‘fibro- 
blasts.” \V . Krause  (DeultrA:.  Klin..  1871,  No.  20;  regards  connective  tissue 
fibrilbo  as  cell -processes,  not  as  intercellular  sulwtaiice.  According  to  it  SciIt'TZK 
(set*  Boll,  Lc.  ),  a direct  metamorphosis  of  protoplasm  into  fibrillar  substance  does 
not  take  place,  but  the  latter  is  something  new  like  cellulose,  fat,  starch. 

According  to  S.  hkiie  (Arch.  f.  ktin.  Ctdr..  1872.  XV.,  p 14)  after  a single  ener- 
getic pencilling  of  the  skin  of  a rabbit  with  tincture  of  iodiuc,  the  emigrated  cells 
become  greater  from  day  to  day,  their  form  becomes*  like  that  of  old  connectiTe- 
tissue  corpuscles,  and  on  the  fifth  or  sixth  day  most  of  the  migrated  corpuscles  are 
completely  metamorphosed  into  connective -tissue  coqmscles.  Others  go  back 
unchanged  into  the  lymphatics.  The  olds  fixed  connective  tissue  corpuscles  therein 
show  no  change.  Fatty  metamorphosis  begins  on  the  fifth  or  sixth  day  in  the  old 
connective-tissue  cells  and  then  also  in  the  younger  less  develop'd  migratory  cells, 
rarther  on  are  found  nil  stages  of  transformation  of  common  connective- tissue  cor- 
puscles into  fat-cells  (Flemming).  Some  connective- tissue  fibrillac  arc  probably  also 
destroyed.  Hnally,  the  previous  status  is  restored.  According  to  SciIEDK,  iodine 
tincture  causes  only  au  acute  increase  of  normal  physiological  processes. 

C onnective  tissue  probably  arises  in  the  first  described  manner  from  car- 
tilaginous tissue  and  from  young  bone-tissue;  also  from  other  tissues  not 
immediately  belonging  to  it:  e.g.,  from  the  capillaries,  transversely  striated 
muscle-  and  nerve-fibres,  where  their  nuclei  afford  the  starting-point  of 
iuciea.se,  from  the  so-called  membrana  propria  of  glands. 

n the  blood-coagula  of  vessels  and  in  haemorrhages  of  every  kind,  espe- 
ll‘4  -v  ”so  lu  blood-filled  wounds,  the  starting-point  of  connective-tissue 
munition  is  the  endothelium  of  vessels,  also  the  cells  of  the  other  tunics  of 
(&  eLC'’  am^  ac^'S  many,  the  colorless  blood-corpuscles. 


Si  EULtNo  ( Ctrlbl .,  1-8<1,  No.  20)  injected  the  fresh  coagtilable  blood  of  rabbits  be- 
" een  :ue  dura  mater  and  arachnoid  of  the  same  animals.  After  eight  days,  this  blood 
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showed  the  beginning  of  an  organization  into  a connective- tissue  membrane,  which 
after  from  two  to  three  weeks  was  perfected ; after  three  weeks,  the  vessels  also  wore 
new-formed.  The  membranes  resembled  those  of  haemorrhagic  pachymeningitis. 
The  organization  of  the  blood  took  place  on  the  convex  surface  of  the  brain,  on  the 
inner  surface  of  the  dura  without  adhesion  to  the  arachnoid.  The  membrane  was 
formed  from  the  fibrin  contained  in  the  injected  blood.  After  injection  of  defibriu- 
atod  rabbit’s  blood,  there  occurred  no  new-formation  of  membrane,  but  the  blood 
was  wholly  or  in  great  part  absorbed. 

Mucous  tissue  is  sometimes  formed  at  first,  and  is  later  transformed 
into  a substance  similar  to  homogeneous  and  fibrous  connective  tissue. 

Finally,  there  occurs  a pathological  new-formation,  which  is  founded  on 
a TKANSFOUMATiON  of  various  normal  tissues:  so-called  fibrous  metamor- 
phosis. This  occurs  most  often  and  prominently  in  many  chronic  inflam- 
mations of  joints.  Fibrous  connective  tissue,  short  or  long,  arises  by  trans- 
formation of  cartilage-cells  into  connective  tissue  cells,  and  by  fibrillation 
of  hyaline  cartilaginous  basis  substance.  A substance,  more  or  less  like 
connective  tissue,  is  formed  in  many  inflammations  of  bone  after  absorption 
of  the  normal  bone-salts  from  the  bone-tissue.  Finally,  by  the  disappear- 
ance of  the  proper  contents  of  transversely  striated  muscle-fibres,  nerve- 
fibres,  glandular  organs  and  vessels,  the  surrounding  envelope  splits  and 
later  becomes  fibrous;  normally,  the  corpuscles,  nuclei,  etc.,  occurring  in 
the  envelope  (capillary  wall,  sarcolemma,  etc.),  are  either  at  the  same  time 
destroyed,  or  they  remain  permanent  as  connective-tissue  corpuscles. 

Likewise  as  fat-tissue  arises  from  mucous  tissue,  so  fat-tissue  not  infre- 
quently’again  becomes  mucous  tissue,  especially  in  states  of  emaciation : 
in  sub-pericardial  fat-tissue,  in  the  fat  in  the  hilus  of  the  kidneys,  about 
the  spinal  dura  mater,  in  the  medulla  of  tubular  bones,  etc. 


2.  new-formation  of  vessels. 

The  new-formation  of  vessels  affects  in  part  only  bloodvessels,  most 
often  the  capillaries,  more  rarely  small  arteries,  almost  never  larger  arteries 
and  veins  ; and  in  part  lymphatic  vessels. 

* 

Not  only  an  elongation  and  dilatation  of  pre-existing  vessels  occurs  FHYSIOLOGI- 
CALLY  in  the  pregnant  uterus,  by  increase  of  wall-elements,  but  also  u formation  of 
new  vessels. 

New-formation  of  bloodvessels  occurs  most  frequently  at  the  same 
time  with  new-formation  of  other  tissues,  especially  of  connective,  bony,  and 
muscular  tissue.  New-formatiou  of  vessels  is  thus  found  during  healing  of 
wounds,  especially  distinct  in  so-called  granulations,  also  in  pseudo-mem- 
branes, and  adhesions  of  serous  membranes,  in  true  and  false,  partial  and 
general  hypertrophies  of  most  tissues  and  organs,  also  of  the  decidua  vera 
(so-called  placenta;  spuria'),  in  almost  all  tumors. 

Vessels  occur  more  rarely  as  the  only  or  chief  new-formed  tissue.  This 
is  on  the  one  hand  the  case  in  the  formation  of  so-called  collateral  circu- 
lation, on  the  other  hand  in  vascular  tumor.  Concerning  the  former,  see 
p.  174.  Vascular  tumor,  angioma,  is  a new-formation,  which  has  a more 
or  less  distinct  tumor-like  outline  and  consists  for  the  most  part  or  almost 
wholly  of  vessels.  Most  tumors  may  at  any  period  of  their  existence, 
in  some  parts  or  for  the  greatest  part,  become  very  vascular.  This  condi- 
tion is  termed  cavernous  or  teleangiectatiu  degeneration  (fibroma 
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fceleangtectodes,  enchondroma  tel.,  etc.),  or  it  receives  special  names,  e.;/., 
fungus  hsematodes. 

The  vessels  in  collateral  circulation  and  in  new-formations  are  in  part 
the  very  elongated  and  dilated  small  arteries,  veins,  and  capillaries  of  the 
org.m.  in  part,  especially  in  the  latter,  they  are  new-formed,  and  then  they 
are  distinguished  from  normal  vessels  by  their  considerable  lumen,  by  their 
irregularity  (in  places  varicose  or  aneurismal)  and  by  some  less  important 
anomalies  of  structure,  especially  the  greater  thinness  of  their  walls. 

The  blood  in  new-formed  vessels  always  flows  from  the  original  vessels 
of  the  body  into  them,  is  never  new-formed. 

Cakmalt  and  Strickkr  ( Oeatr.  mad.  Jufirb.,  1871,  p.  428)  have  only  recently 
observed  in  the  inflamed  cornea)  of  the  frog  and  rabbit  a new-foruiation  not  only  of 
bloodvessels,  but  also  of  blood. 

New-formation  of  vessels,  especially  of  the  capillaries,  ensues  in 
various  ways. 

a.  By  intussusception,  like  normal  growth  : vessels  of  every  calibre, 
especially  often  smaller  arteries  and  veins  as  well  as  capillaries,  become 
longer,  tortuous  and  dilated  (cirsoid  or  serpentine  ectasia).  The  tissue- 
elements  of  their  wall  increase  in  size  or  also  in  number.  The  capillary 
vessels  thus  elongated  sometimes  finally  communicate  in  a still  unknown 
manner.  This  process  occurs  in  the  formation  of  collateral  circulation,  as 
well  as  in  hypertrophic  organs,  not  infrequently  also  in  the  base  of  pedicled 
tumors,  or  in  all  the  surrounding  tissues  of  new-formations. 

b.  By  budding  : here  again  are  found  two  different  forms: 

a.  Buds  shoot  out  from  the  smallest  arteries  or  capillaries,  which  buds 
have  a broad  base  ami  pointed  extremity,  are  at  first  SOLID,  then  become 
hollow  and  finally  communicate  with  like  sprouts  of  other  capillaries,  more 
rarely  with  the  latter  without  the  intervention  of  sprouts.  According 
to  more  recent  investigations,  a germinative  protoplasm  is  produced  fiom 
the  cells  of  the  endothelial  pouch  of  developed  vessels,  by  whose  growth 
buds  and  filaments  are  formed,  which  by  the  coalescence  of  their  proto* 
plasma-granules  are  transformed  into  cords.  By  liquefaction  of  the  central 
mass  of  this  protoplasm,  protoplasma-tubes  are  formed,  which  by  further 
metamorphosis  of  the  wall,  i.e.,  nuclear  formation  in  it,  by  segmentation  of 
the  granular  mass  about  the  latter,  etc.,  are  transformed  into  tubes  built 
up  ot  nuclear  bodies,  and  finally  into  sac  ks  composed  of  nuclear  plates. 

/>.  Or  there  occurs  in  the  connective  tissue  in  the  vicinity  of  the  capil- 
laries u repeated  division  of  connective-tissue  corpuscles;  thereby  cellular 
Cords  are  formed,  which  finally,  with  the  exception  of  the  most  external  cells 
which  are  transformed  into  the  vessel-wall,  become  hollow  and  communi- 
cate with  vessels:  frequent  in  granulations. 

e.  By  connective  tissue  corpuscles  BECOMING  hollow:  spindle-shaped 
ami  radiate  connective  tissue  corpuscles  dilate  and  are  transformed  into 
canals,  which  unite  with  other  connective-tissue  corpuscles  and  finally  with 
vessels,  sometimes  by  means  of  the  budding  described  above. 

d.  \ easels  in  wounded  parts,  capillaries  as  well  as  arteries  and  veins, 
are  transformed  into  solid  cellular  cords,  channels  arise  between  the 
new-formed  cells,  which  at  first  are  permeable  only  for  blood-plasma; 
nost  ot  these  channels  disapjiear,  while  the  remainder,  by  blending,  etc., 
of  the  cells  bounding  the  channels,  become  permanent  vessels. 

The  first  mode  of  new-formation  of  vessels  has  been  longest  known;  the  secx'iid 
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vas  demonstrated  by  Jos.  Meyer,  the  third  by  Schwann,  IIemak  and  others,  the 
last  by  Thiersch.  Quekett,  Travers,  Paget  and  others  have  assumed  still 
other  forms  of  new-formation  of  vessels. 

According  to  Ranvikr  {Nam.  diet.,  etc.),  every  pathological  new-formation  of 
vessels  depends  upon  a growth  of  the  endothelia  of  the  capillaries,  which  under  the 
influence  of  the  inflammation,  etc.,  have  reverted  to  the  embryonic  state. 

Arnold  (1.  c.)  investigated  the  development  of  blood-capillaries  in  amputated 
tails  of  tadpoles,  in  process  of  regeneration,  in  inflamed  corneas  of  rabbits  and 
guinea-pigs,  and  in  the  embryonic  vitreous.  The  development  of  capillaries  always 
proceeds  from  a vessel  already  present.  It  begins  with  the  accumulation  of  granules, 
which  arrange  themselves  into  rows  and  by  increased  accumulation  of  protoplasm 
are  transformed  into  smaller  or  larger  forms,  the  siioots.  These  increase  in  length 
and  breadth.  By  their  advance  in  the  direction  of  their  length  the  shoots  become 
I’ROTOPLAH.MA-KI laments.  The  advance  takes  place  within  the  brighter  channels, 
which  perhaps  correspond  to  the  connective-tissue  fissures.  By  the  combination  of 
the  most  external  rows  of  two  protoplasma-cords,  etc.,  there  are  formed  the  I’KOTO- 
PLASMA- ARCHES.  Canalization  occurs  by  solution  of  the  central  protoplasm  in  form 
of  molecules  and  larger  particles,  which  are  still  demonstrable  for  a long  time  in 
the  circulation.  The  metamorphosis  of  the  original  homogeneous  protoplasm -tube 
into  the  endothelial  cell  tube  is  regarded  by  A.  as  a kind  of  segmenting  process  of  the 
protoplasm.  The  remains  of  protoplasm  remaining  between  the  cells  form  the  so- 
called  cement.  The  adventitia  of  vessels  is  formed  altogether  independently  of  the 
endothelial  sac,  probably  out  of  the  spindle-shaped  cells  of  the  basis  substance. 
From  ten  to  twelve  hours  are  necessary  for  the  complete  development  of  a capil- 
lar}' tube  of  medium  size  in  the  tail  of  a tadpole.  Even  solid  or  incompletely 
canalized  shoots,  cords,  and  arches,  are  formed  also  from  new-formed  vessels  as  well 
as  from  those  originally  present. 

The  smaller  arteries  and  veins  are  most  frequently  formed  by  trans- 
formation of  already  present  or  new-formed  capillaries,  while  cells  are 
also  formed  by  division,  etc.,  surrounding  the  vessels  and  finally  pass 
over  into  the  various  tissues  of  the  coats  of  the  vessels.  More  rarely  larger 
vessels  of  the  same  kind  are  also  formed  primarily  from  solid  cellular  cords. 

In  many  tumors  of  luxurious  growth,  also  in  simple  chronic  processes  of  growth, 
vessels  aro  found  of  the  width  of  small  arteries,  but  without  muscles,  their  walls 
being  formed  exclusively  of  numerous  layers  of  spindle-shaped  cells.  (Klebs,  1 irch. 
Arch.,  XXXVIII.,  p.  210.) 

The  arrangement  of  nkw-formed  vessels  sometimes  offers  no  special 
abnormality,  while  it  is  analogous  to  that  of  the  mother-tissue;  sometimes 
there  are  peculiar  conditions.  Thus  in  many  new-formations  there  occur 
proportionately  long,  simple  clubs,  which  may  sometimes  dilate,  cyst-like, 
and  separate.  In  many  pseudo  membranes  of  serous  membranes  there  are 
found  the  so-called  bi-polar  rate  mirabUe,  etc. 

New-formation  of  lymphatic  vessels  has  with  certainty  been  demon- 
strated in  only  few  cases,  but  it  probably  occurs  very  often.  The  immediate 
processes  are  unknown  : probably  they  are  formed  like  the  blood-capillaries 
as  intercellular  ducts. 


Cases  of  new-formation  of  lymphatic  vessels  were  observed  by  SCHRftDER  v.  D. 
Kolk  (Lesfinasse,  Be  m*.  pseudom.,  1843),  and  Teichmann,  in  pseudo-membranes, 
by  the  author  on  the  pulmonary  pleura  (Arch.  f.  phi/s.  Jlcilk  , 1809,  p.  343).  Accord- 
ing to  Krause  ( Ztuchr . f.  rat.  Med.,  1803,  XVIII.,  p.  263),  the  lymphatics  in  many 
tumors  are  injected  : in  cancer,  they  course  in  the  connective-tissue  framework  of  the 
stroma. 

A.  New-formation  of  vascular  connective  tissue  as  regeneration 

OR  AS  CICATRICIAL  TISSUE  (HEALING  OF  WOUNDS,  CAPSULE-FORMATION,  ETC.). 
Hunter,  A Irccttise  on  the  Ulood ? Iuflmnmcition , Gun-shot  Wounds , etc.  Ihila., 
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1700. Reufern,  Monthly  Joum.  of  Mid.  Sr..  Sept.,  1861. — Strube,  Dernorm.  Ban 

d.  Cornea  u.  die  path.  Abtr.,  1851.— Thif.rfklder.  De  regen.  tendm..  1852.— His, 
iiiitr.  s.  norm.  u.  path.  Hint.  d.  Homhavt , 1856. — Adams.  On  the  Itepar.  Proc.  in  Hum. 
Tendon-*,  I860.— Leidesdorf  and  Strickeu.  Wien.  Sitzg*b.,  18G6.— Holm  (-Stiiick- 
er),  lb..  1867,  LV.,  p.  493. — Wywomoff,  Oestr.  Jahrb.,  1867.  p.  3. — Cohnueim, 
Yireh.  Arch..  1867.  XL.,  p.  1.— THIERSCH  (1.  c. ).  — AUFRECIIT,  Virch.  Arch.  1868, 
XL1V.,  p.  180.— GCterbock,  lb.,  1872,  LVL,  p.  352.— Paget,  Surg.  Pathol.,  p.  144. 

In  organs  which  consist  only  of  connective  tissue,  or  of  this  and  of  vessels, 
as  well  as  in  numerous  other  organs  consisting  in  part  or  chiefly  of  other 
tissues,  connective  tissue,  which  is  almost  always  vascular,  is  now-formed 
after  wounds,  ulceration,  and  losses  of  substance  of  every  kind.  This  new- 
formation  takes  place  in  two  different  ways,  which  histologically  show  slight 
differences,  but  clinically  have  l>een  for  a long  time  distinguished  as  so-called 
HEALING  BY  FIRST,  and  HEALING  BY  SECOND  INTENTION.  Ill  the  first  Case, 
union  of  the  borders  of  the  wound  takes  place  by  new-forination  of  connec- 
tive tissue  and  vessels,  IN  THE  SHORTEST  TIME  AND  WITHOUT  FORMATION  OF 
pus.  In  the  other  case,  likewise,  connective  tissue  with  vessels  is  formed, 
mostly  in  slia|»e  of  so-called  granulations,  which  finally,  after  shorter  or 
longer  times,  brings  about  union,  with  the  formation  of  a more  distinct 
cicatrix  ; besides,  pus  is  here  formed  in  varying  quantity,  which  flows  oft’ 
or  is  destroyed,  and  lias  nothing  to  do  with  healing  itself.  Sometimes  heal- 
ing occurs  in  one  and  the  same  wound  by  both  first  and  second  intention 
simultaneously;  the  one  at  one  point,  the  other  at  another  point  in  the 
long  diameter  of  the  wound ; or  the  one  superficially,  the  other  deeply. 

In  both  forms  of  healing,  so  called  congestive  hyper.emia  is  found  in  the 
vicinity  of  the  wound  : this  is  in  part  of  collateral  origin,  in  part  it  appears 
(in  parts  supplied  with  sensory  nerves)  in  consequence  of  a reflex  paralysis 
of  the  vaso-motor  nerves. 

1 lealing  of  wounds  behaves  differently,  according  as  it  occurs  in  non- vas- 
cular or  vascular  parts. 

a.  Healing  of  wounds  in  non- vascular  parts. 

This  mode  of  healing  has,  experimentally  as  well  as  clinically,  especially 
in  the  cornea,  often  been  investigated  ; nevertheless  the  theories  with  regard 
to  it  are  at  the  present  time  very  widely  divergent. 

In  wounds  of  the  cornea  (traumatic,  wounds  from  cauterization),  es- 
pecially of  the  centre  of  the  cornea,  there  is  formed  around  the  wound,  after 
a few  hours,  a narrow  whitish,  milk-colored  circle,  the  corneal  border  and 
the  conjunctiva  early  become  hyperaemic,  finally  tedematous.  The  portion 
of  cornea  nearest  the  injury  is  likewise  clouded.  This  cloudiness  points  in 
the  direction  of  the  wound,  and  after  from  one  to  three  days  reaches  it. 
AY  bile  the  cloudiness  around  the  corneal  wound  becomes  deeper,  the  pe- 
riphery clears  up  again,  and  after  from  three  to  seven  days  is  perfectly 
clear.  This  cloudiness  around  the  cornea  depends,  according  to  the  older 
theory,  upon  an  increase  of  corneal  corpuscles;  according  to  the  more  recent 
view,  especially  that  based  on  the  so-called  feeding  of  colorless  blood-cor- 
puscles with*  coloring  matters,  it  depends  upon  migrated  corpuscles  (pus- 
corpuscles). 

According  to^  the  old  view,  whose  representatives  are  Strube  (1851).  with  Vir- 
chow. His  (1850),  Lanohans,  and  many  others,  a growth  of  the  nucleus  of  the  cor- 
neal corpuscles  appears  after  eighteen  hours,  in  the  proper  cell-body  as  well  as  in  the 
cell -processes.  These  new-foruied  nuclei  and  cells  become  connective  tissue,  if  the 
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healing  is  by  first  intention.  Otherwise,  especially  in  sloughing  from  cauterization, 
pus  appears  and  new  vessels  are  formed  from  the  corneal  border,  until  finally  heal  mg 
is  accomplished  in  the  usual  manner.  Normal  corneal  tissue  is  rarely  formed  in  both 
eases  in  man ; for  the  most  part  there  remains  a clouded,  less  transparent  spot,  a so- 
called  OPACITY  OK  THE  CORNEA. 

The  more  recent  views  are  by  Recklinghausen,  Hoffmann,  Cohniieim,  and  A. 
Key,  for  which  see  p.  got  et  srq.  Consult  also  GCtkubock  ( Virch.  Arch .,  L.,  p.  4(55). 
lie  found  in  healing  by  first  intention  in  both  borders  of  the  wound  in  the  cornea, 
from  five  to  seventy-two  hours  after  the  injury,  numerous  spindle-shaped  elements, 
arranged  perpendicularly  to  the  borders  of  the  wound  and  parallel  to  one  another. 
These,  in  part,  are  metamorphosed  branched  corneal  cells. 

Concerning  wounds  of  cartilage,  vide  infra. 

b.  Healing  of  wounds  in  vascular  parts. 

In  the  healing  of  wounds  of  vascular  parts,  e.< 7.,  of  the  skin,  by  first 
intention,  the  processes  appear  in  the  following  manner. 

a.  In  many  cases  there  is  only  very  slight  haemorrhage,  as  in  many 
purely  incised  wounds  of  the  skin.  The  surfaces  of  the  wounds  are  glued 
together  by  an  albuminous  liquid  which  is  never  visible  on  the  surface,  but 
is  infiltrated  into  their  deeper  layers.  This  adhesion  is  followed  after  a few 
days  by  complete  union.  The  borders  of  the  wound  never  show  redness 
and  swelling;  the  wound  pains  only  at  the  moment  of  reception  and  for  a 
little  time  thereafter.  No  cicatrix  is  formed.  This  mode  of  healing  is 
designated  by  the  term  immediate  union.  The  processes  microscopically 
are  the  same  as  those  of  the  following  mode. 

Consult  thereon  M vcartnky  ( Treatise-  on  Inflammation),  Paget,  and  Thiersch. 

Gcssenr  vckr  (Arch.  f.  kUn.  Vhir.,  1871,  XII.,  p.  791),  from  experiments  ou  the 
cornea,  cartilage,  etc.,  denies  the  existence  of  so-called  immediate  union.  The  sur- 
faces of  wounds  do  not  adhere  immediately,  but  by  an  intermediate  substance,  which 
is  coagulated,  or  coagulable  tissue- fluid : in  the  cornea,  its  parenchymatous  juice ; 
in  cartilage,  blood  And  tissue-fluid;  in  other  tissues,  blood  and  interstitial  tissue-fluid. 
This  intermediate  substance  occasions  the  first  new  connection  of  the  tissues.  Then 
is  added  exudation. 

/J.  In  healing  by  first  intention  proper,  the  bleeding  of  the  wound-sur- 
faces is  greater.  After  this  has  ceased  from  the  larger  wounded  vessels, 
still  a slight  haemorrhage  from  the  smallest  vessels  remains.  The  blood,  in 
part,  runs  off,  a portion  collects  in  the  wound,  some  is  infiltrated  into  the 
surrounding  parts.  The  blood  coagulates  in  these  places,  and  thereby  partly 
effects  a cementing  of  the  borders  of  the  wound  together.  But  for  the  most 
part  the  closure  is  effected  by  a liquid  rich  in  albumen  infiltrating  the 
wound-surfaces.  If  the  luemorrhage  ceases,  the  wound  appears  moist,  and 
lets  an  albuminous  liquid  escape  ; but  motion,  etc.,  causes  it  to  bleed  easily. 
Immediately  after  injury  the  anatomical  elements  of  the  surfaces  of  the 
wound  are  to  be  sharply  and  distinctly  distinguished.  But  after  a few 
hours  they  are  110  longer  distinct,  while  a thin,  gelatinous,  no  longer  remova- 
ble liquid  not  only  covers  them,  but  also  infiltrates  their  superficial  layers. 
In  consequence  of  the  liypenemia  produced  by  the  injury  itself,  and  by 
thrombosis  of  the  vessels,  there  appears  an  albuminous  exudation  for  the 
most  part  with  small  luemorrhages.  The  borders  of  the  wound  swell,  partly 
from  the  liypenemia,  exudation,  and  haemorrhage,  partly  from  the  new-for- 
mation  of  cells  beginning  after  a few  hours,  and  are  reddened.  A few  days 
after  injury  a necrosis  of  the  parts  immediately  adjacent  to  the  wound  ap- 
pears, as  well  of  those  affected  by  the  injury  itself  as  of  those  which  suffer 
diminished  nutrition  from  their  firm  inclosure  with  coagulated  fibrin.  The 
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extent  of  necrosis  in  healing  by  first  intention  is  always  very  small.  The 
necrosed  particles  art!  for  the  most  part  absorbed. 

Definitive  union  takes  place  through  new-formation  of  connective  tissue 
and  vessels.  The  basis  substance  of  the  connective  tissue  of  the  borders  of 
the  wound  loses  its  fibrous  structure,  becomes  homogeneous  and  gelatinous. 
According  to  many,  its  eorpuscies  and  capillary  nuclei  divide  and  become 
at  first  round,  sometimes  spindle-shaped  cells,  which  secrete  a new  basis 
substance,  and  thereby  determine  union  ; according  to  others,  this  takes 
place  from  migrated  colorless  blood-corpuscles.  In  place  of  the  closed  vessels 
lying  nearest  the  surface  of  the  wound,  there  are  formed  new'  vessels,  which 
enter  into  communication  with  the  vessels  of  the  opposite  side:  upon  this 
the  reddened  and  swollen  borders  of  the  wound  become  pale  and  the  swell- 
ing decreases. 

Granulation-tissue  is  a homogeneous,  gelatinous,  or  only  indistinctly 
fibrous  basis  substance,  with  numerous,  rounded  and  spindle-shaped,  uni- 
nuclear, more  rarely  multinuclear  cells,  and  with  an  abundant  supply  of 
capillaries,  which  are  partly  original,  but  are  for  the  most  part  new-formed 
(inflammatory  new-formation,  primary  cell-tissue,  plastic  infiltrated, 
plasmatic  tissue,  akenloma,  i.e.,  tissue  of  repair). 


The  oldest,  Hunterian  view,  whereby  union  of  wound-surfaces  takes  place  by  a 
layer  of  plastic  lymph,  is  not  confirmed  by  microscopical  investigation.  Wywodzofp 
concludes  from  experiments,  that  the  red  blood-corpuscles  and  the  fibrin  of  the  Mood 
become  intercellular  substance,  the  colorless  blood-corpuscles  become  connective 
tissue  and  vessels. (?)  According  to  the  experiments  of  Thiersch.  who  made  incised 
wounds  in  the  tongues  of  guinea-pigs  and  rots  and  injected  them  at  varying  periods 
after  the  cuts,  no  intermediate  substance  exists  at  all  in  the  wound,  but  the.  appear- 
ance of  it  Is  due  to  the  blood  and  albuminous  liquid  infiltrated  into  the  wound -surfaces. 
The  further  changes  now  take  place  in  part  between  the  vessels  where  there  is  an 
abundant  new-formation  of  cells,  in  part  in  the  vessels  themselves.  The  latter  also 
and  the  capillaries,  as  well  as  the  smaller  arteries  and  veins,  suffer  an  infiltration  of 
their  walla  with  granulation-cells.  Between  the  latter  the  blood  (lows  out  of  the  in- 
terior of  the  vessel  through  the  finest  pores,  permeable  also  to  the  matter  injected, 
into  the  intermediate  spaces  of  the  granulation-cells  (which  may  likewise  l»e  artifi- 
cially injected).  and  return  by  another  vessel-wall  again  into  the  interior  of  the  vessel. 
This  passage,  which  results  after  a few  hours,  takes  place  more  quickly  from  capil- 
lary u>  capillary  than  from  arteries  to  veins.  The  capillaries,  soon  after  the  injury, 
are  metamorphosed,  at  first  at  the  cut  end.  by  growth  of  their  nuclei,  into  solid  cellu- 
lar cords  with  intercellular  channels,  which  are  supplied  with  Mood-plasma  from 
the  open  part  of  the  capillary  tube.  In  the  larger  vessels  this  takes  place  by  growth 
of  their  endothelium,  etc.  Most  of  these  provisional  intercellular  channels  disappear, 
while  some  dilate  and  a wall  is  formed  by  the  cells  surrounding  them ; the  interme- 
diate isolated  cells  become  connective  tissue.  Finally,  the  vessels  originally  present 
and  affected  by  cell-growth  return  to  their  normal  state. 

How  lymphatic  vessels  behave  is  still  unknown;  the  original  vessels  are 
probably  destroyed ; new  vessels  are  formed  only  after  the  formation  of  bloodvessels. 
See  Loscn  ( Vireh.  Arch.,  XLIV.,  p.  385). 

y.  1 he  processes  in  healing  itv  second  intention  are  essentially  the 
Name.  Hut  a direct  cementing  of  the  borders  of  the  wound  is  wanting.  On 
the  other  hand,  after  cessation  of  the  larger  haemorrhage,  on  the  second  or 
third  day,  there  flows  from  the  wound-surface  a thin,  aero-sanguineous 
liquid,  which  in  part  proceeds  as  continuous  haemorrhage  from  small  vessels, 
in  part  is  the  product  of  inflammation  of  the  borders  of  the  wound.  This 
liquid  becomes  gradually  clearer,  contains  fewer  blood-corpuscles,  and,  from 
the  third  to  the  fifth  day,  approximates  the  character  of  common  pus.  On 
the  Second  to  the  fourth  day  after  injury,  the  necrotic  portions  are  separated 
with  the  liquid  ol  the  wound,  with  the  removal  of  the  charpie,  etc.  These 
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portions  ai-o  very  small,  often  larger  in  tendon,  fascia,  and  bone.  They 
form  with  the  extravasation  and  exudation  for  the  most  part  a brownish, 
greasy,  sometimes  peculiarly  smelling  substance.  A wound,  whose  appear- 
ance at  lirst  resembles  that  above  described,  is,  on  ihe  second  to  the  fourth 
day,  of  a dirty  red  color,  has  a disagreeable  odor,  and  its  proper  con- 
stituents are  no  longer  to  la;  distinguished  : it  is  “dirty.”  On  the  third  to 
the  fifth  day  it  is  pale  red,  soft,  smooth,  or  somewhat  uneven,  but  does  not 
yet  granulate:  it  “cleans  off.”  On  their  surface  there  is  in  parts  a throw- 
ing oil' of  very  small  necrotic  shreds  of  tissue,  in  parts  suppuration.  Only  on 
the  fourth  or  fifth  day  after  injury,  with  a continuous  secretion  of  pus  on 
the  surface  of  the  wound,  are  there  to  be  seen  a large  number  of  small, 
rounded,  firm,  wart-like  protuberances,  so-called  granulations.  The  latter 
increase  in  size,  softness,  and  number,  until  finally  the  whole  wound  is  filled 
with  them.  At  this  time  in  granulating  suppurating  wounds  there  can  be 
distinguished  two  layers:  one  superficial,  so-called  pyogenic  layer,  which 
consists  mostly  of  multi-nuclear  pus-corpuscles  (incapable  of  farther  tissue- 
formation)  and  a mucous  basis  substance,  which  is  gradually  removed  and 
is  formed  out  of  the  deeper  layer,  and  a deeper,  so-called  plasmatic  layer, 
which  resembles  tin;  granulation-tissue  described  above.  Both  layers  pass 
gradually  into  normal  tissue.  After  granulations  and  suppuration  have 
existed  many  days  or  weeks,  the  secretion  of  pus  becomes  less;  the  granu- 
lations gradually  become  smaller,  less  circumscribed,  firmer,  more  amende, 
and  become  vascular,  at  first  homogeneous,  then  fibrous  connective  tissue. 
The  vessels  and  basis  substance  at  first  persist,  the  abundant  round  cells  of 
the  surface  pass  away,  while  those  of  the  deeper  portions  are  in  part  ab- 
sorbed, in  part  transformed  into  connective  tissue-corpuscles. 

The  cicatrix  arising  by  first,  as  well  as  by  second  intention,  is  at  first 
very  vascular,  soft  and  tender.  It  gradually  becomes  paler,  more  amende, 
firmer  and  smaller:  so-called  contraction  of  cicatricial  tissue.  Cica- 
trization is  at  first  introduced  by  obliteration  of  the  superficial  vessels 
of  the  granulations  and  disappearance  of  the  homogeneous  intercellular 
substance.  Thereby  fibrous  lines  are  formed,  which  are  surrounded  by 
fibre-cells.  The  granulations  themselves  therewith  become  more  dilfuse 
and  paler. 

Finally,  at  first,  for  the  most  part,  on  the  border,  rarely  separated  from 
it,  in  suppurating  wounds  with  cessation  of  suppuration,  there  is  formed 
young  epidermis.  It  does  not  proceed  from  granulation-tissue,  but  from 
the  surrounding,  etc.,  epithelium. 

Granulations  are  not  an  imitation  or  remnant  of  the  papilla;  of  the  skin,  but  new- 
formations  of  a peculiar,  young,  vascular  connective  tissue  in  form  of  papilla).  In 
the  skin  they  correspond  to  the  papilla) ; in  the  subcutaneous  cellular  tissue,  however, 
the}-  lie  between  the  small  fat-lobules,  in  muscles,  tendons,  etc.,  between  the  single 
fibre-bundles  : they  correspond  with  parts  of  organs,  which  are  especially  vascular 
and  capable  of  a very  abundant  exudation. 

Granulations  show  at  different  periods  of  their  existence  a somewhat  different 
structure.  At  first  they  consist  of  the  homogeneous  connective  tissue  of  the  wound, 
and  of  cells  which  partly  resemble  colorless  uni-nuclear  blood-corpuscles,  are 
partly  spindle-shaped,  in  part  they  represent  intermediate  forms.  Immediately 
after,  within  a few  days,  numerous  capillaries  appear  in  the  granulations,  spindle- 
shaped  cells  exceed  the  round  in  number,  become  longer,  their  processes  filament- 
ous, their  nucleus  larger.  Now  the  granulations  consist  of  a soft,  homogeneous, 
mucus-containing  tissue,  which  is  in  part  the  remains  of  the  old  tissue,  but  espe- 
cially the  product  of  new-formed,  or  migrated  cells,  and  of  fibre-cells  with  two  or 
more  processes  as  well  as  of  some  pus-corpuscles.  The  vessels  of  the  granulations 
are  very  numerous,  form  at  their  points  a dense,  swollen  net-work  filled  with  blood, 
from  which  are  given  off  at  their  base  two  or  more,  thicker  or  thinner  capillary 
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branches,  which  connect  every  net-work  with  the  original  vessels  of  the  part.  The 
capillaries  of  granulations  like  common  capillaries,  have  especial  nuclear  walls  nnd 
can  be  artificially  injected.  Nerves  and  lymphatics  have  never  with  certainty  been 
observed  in  granulations.  Their  surface  is  at  first  without  epithelium.  This  con- 
struction of  granulations,  especially  their  vascular  arrangement,  explains  the  con- 
tinuous exudation  of  plasma  and  emigration  of  blood-corpuscles  on  their  surface. 
The  deep  layer  of  the  granulations  and  the  tissue,  with  which  they  are  connected 
by  their  base,  is  distinguished  only  by  its  greater  firmness,  increased  fibrous  char- 
acter, fewer  vessels  and  more  abundant  fibre-cells. 

Granulations  are  in  many  cases  exuberant  and  fungous  [taro  luxuriant , “ prond 
flesh  ”) : they  then  project  fungus-like  beyond  the  limit  of  the  neighboring  tissues, 
are  usually  very  soft,  for  the  most  part  richer  in  vessels,  sometimes  poorer  in  them ; 
the  secreted  pus  is  mucous,  poor  in  cells.  Fungous  granulations  show,  according  to 
IiiNDFLElscn,  a more  distinct  perfect  stroma,  which  is  similar  to  that  of  the 
lymph-follicles  ; sometimes  in  places,  aggregations  which  consist  of  mucous  tissue. 
Sometimes  there  occur  therein  so-called  giant-cells  with  many  processes  and  numer- 
ous nuclei.  Granulations  are  called  KHETHISTIC,  which  are  very  painful  and  are 
mostly  exuberant  and  bleed  easily.  In  a case  of  so-called  irritable  granulations 
ItlNDFLElscn  found  a great  abundance  of  nerve-fibres.  C'onceming  farther  diseases 
of  granulations  consult  Heiberg  ( Yirch.  Arch. , 1872,  LV.,  p.  257). 

In  erysipelas  of  the  surrounding  structures,  in  pyannia.  in  all  severe  diseases 
toward  the  end  of  life  the  granulations  become  smooth,  red,  shining,  and  secrete  a 
thin  serous  liquid. 

A variety  of  healing  by  second  intention  is  HEALING  WITH  the  formation  of 
SCABS.  This  healing  in  a dry  way  is  the  rule  in  animals,  so  that  in  experiments  very 
little  or  no  pus  is  obtained.  In  man  this  occurs  more  rarely  (mostly  in  small,  less 
suppurating  wounds),  or  where  it  api>ears  or  would  appear,  is  prevented  by  the 
surgeon.  It  is  found  in  common  incised  wounds,  wounds  from  burns,  rarely  in 
wounds  already  granulating.  The  scab  or  CRt  sT  consists  of  blood,  pus.  other 
wound-secretions,  its  well  as  of  dirt  or  of  powder,  of  different  kinds,  etc.,  which  have 
been  applied  to  the  surface  of  the  wound.  The  crust  remains  attached  to  the 
wound,  until  cicatrization  appears.  The  latter  is  distinguished  from  common  cica- 
trices formed  by  healing  by  secoud  intention,  by  the  absence  of  cicatricial  con- 
traction. 

Sometimes  cicatrices  do  not  become  contracted,  but  HYPERTROPHIED,  so  that  they 
represent  tumors  of  varying  size.  Especially  is  this  the  case  in  small  wounds,  sup- 
purating for  a long  time,  after  the  introduction  of  ear-rings,  in  cicatrices  after 
bums,  especially  with  powder,  burning  oil.  Their  tissue  then  has  a cytogenic  struc- 
ture ; and  not  infrequently  contains  giant-cells. 

Cicatricial  contraction,  so-called,  which  regularly  occurs  in  wounds  healing 
by  first  and  especially  by  second  intention,  in  numerous,  especially  plastic  opera- 
tions. in  wounds  near  the  eyes,  mouth,  etc.,  in  wounds  from  bums,  etc.,  deserves 
esjteofail  regard  on  the  part  of  the  practical  surgeon.  Indeed  it  is  sometimes  of 
service,  eg.,  for  the  healing  of  entropium.  Its  causes  in  general  reside  in  the 
obliteration  of  new-formed  vessels  and  consecutive  atrophy  of  connective  tissue. 
Under  especial  unknown  condition  it  appears  remarkably  groat  in  even  small  wounds. 

Cicatricial  formation  follows  in  various  individuals  indifferent  periods,  without  the 
possibility  of  its  cause  being  suggested.  In  many  men  wounds  of  all  kinds  heal 
very  quickly,  often  in  tuberculosis  and  cancer  (namely,  the  extirpation- wound*  of 
epithelial  cancers i • in  others,  healthy  as  well  as  e.siiecially  drinkers,  cicatrization  is 
usually  slow. 


The  HEALING  OK  WOUND8  OF  TENDONS,  MUCOUS  MEMBRANES,  GLANDS,  as  well 
as  REPAIR  ot  PARTS  OF  THE  BODY  ALMOST  Or  ENTIRELY  SEPARATED  (ti|>  of 
the  nose,  ears,  fingers,  etc.),  goes  on  in  essentially  the  same  manner  as  heal- 
ing of  wounds  of  the  skin. 

1 lie  formation  of  so-called  CAPSULES  about  foreign  bodies,  grains 
ot  shot,  bullets,  needles,  etc.,  about  parasites,  occurs  in  the  same  way  in 
organs  of  every  kind. 

The  surgically  important  regeneration  of  tendons  after  subcutaneous  section  was 
first  shown  by  Piroooff,  especially  by  Thiekfeldkr,  then  by  BoNEK,  Adams,  and 
others. 
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Whether  in  these  cases,  granulation-cells,  as  has  been  generally  assumed  until 
recently,  arise  from  connective-tissue  corpuscles,  or  at  the  same  time  from  the 
capillary  nuclei,  from  gland-cells  in  glandular  organs;  or  whether  they  are  in  part 
migrated  colorless  blood -corpuscles,  has  not  yet  been  determined.  The  gland-cells 
lying  nearest  to  the  wound  are  wholly  destroyed.  According  to  Holm  and  Stkickkk 
( Wien.  SiUgitber.,  March,  1807,  p.  41)0)  in  traumatic  hepatitis,  hepatic  cells  are  trans- 
formed not  only  into  fatty  granular  cells,  but  also  into  fibres,  so  that  granular  cells 
next  become  grnrmlar  fibres.  Hepatic  cells  thus  furnish  a part  of  the  material  of 
fibrous  cicatricial  tissue.  Another  metamorphosis  of  liver-cells  is  a transition  into 
so-called  granulation-cells. 

B.  New-formation  of  vascular  connective  tissue  in  the  form  of 

SO-CALLED  CONNECTIVE-TISSUE  HYPERTROPHY,  OR  OF  CONNECTIVE-TISSUE 
INDURATION. 

Connective-tissue  hypertrophy  occurs  very  often  and  in  almost  all 
organs.  It  consists  sometimes  in  hypertrophy  of  the  common  firm  fibrous 
connective-tissue,  sometimes  in  the  formation  of  soft,  gelatinous  connective 
tissue,  sometimes  in  an  increase  of  mucous  tissue  with  subsequent  meta- 
morphosis of  it  into  homogeneous  or  fibrous  connective  tissue,  sometimes 
finally  in  a transformation  of  capillaries,  structureless  membranes,  etc., 
into  a substance  like  connective  tissue.  The  vessels  sometimes  take  no 
part  therein,  they  sometimes  increase  in  like  manner,  sometimes  they  are 
in  varying  number  destroyed. 

Connective-tissue  hypertrophy  affects  either  the  whole  organ  or  only 
parts  of  organs.  Heroin  it  is  represented  very  differently.  In  general, 
the  organs  or  parts  of  organs  become  larger  and  for  the  most  part  firmer, 
with  varying  vascularity.  Their  function  is  sometimes  left  intact,  some- 
times to  a great  degree  destroyed  : the  latter  especially  in  consequence  of 
diminished  mobility  of  organs,  in  consequence  of  the  frequent  consecutive 
destruction  of  vessels  (functional  and  nutritive)  and  of  the  softer,  especially 
glandular  textures. 

Connective  tissue  hypertrophy  and  connective  tissue  tumors  of  many 
organs,  especially  the  skin  and  mucous  membranes,  often  pass  without 
limits  into  one  another. 

The  changes  of  new-formed  connective  tissue  are  the  same  as  those  of 
normal  connective  tissue  and  of  that  formed  during  healing  of  wounds. 
Cicatricial  contraction  is  most  important  with  respect  to  glandular 
organs  (liver)  and  those  surrounded  by  vascular  membranes  (brain,  etc.): 
it  is  followed  by  diminution  of  supply  of  functional  or  nutritive  blood, 
and  through  both  conditions,  diminished  nutrition  and  function  of  organs. 
Also  worthy  of  note  are  cedematous  infiltration,  haemorrhage  with  forma 
tion  of  pigment,  inflammation  with  suppuration,  calcification,  etc. 

The  causes  of  connective-tissue  hypertrophies  are  most  frequently  di- 
minished circulation  of  blood  and  lymph,  the  former  irom  various  causes, 
the  latter  from  increase  of  endothelium;  also  often  repeated  acute  and 
especially  chronic  inflammations  (so-called  inflammatory  hardening  or  indu- 
ration, see  p.  271);  many  poisons  (alcohol)  are  sure  causes  of  drinkers’ 
or  granular  liver — phosphorus:  if  both  are  used  in  comparatively  small 
doses  for  a long  time.  The  causes  are  often  unknown. 

Heller  (Arch.  f.  ldin.  Med .,  1872,  X.,  p.  141),  in  a case  of  scleroderma  with 
scattered  denser  points  and  similar  affections  of  the  muscles,  heart,  intestines,  etc., 
in  a woman  56  years  old,  found  an  obliteration  of  the  thoracic  duct  with  dilatation 
of  the  afferent  and  smaller  lymphatic  vessels  and  inflammatory  growth  of  the  endo- 
thelium. The  author  saw  a similar  condition  in  elephantiasis. 

If  rabbits,  cats  or  dogs  be  fed  for  many  months  with  minimum  doses  of  phos- 
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phoras  and  the  dose  increased  slowly  and  continuously,  so  that  no  acute  or  subacute 
intoxication  be  experienced,  the  stomach  and  liver  will  show  a high  degree  of  con- 
nective tissue  hypertrophy.  The  gastric  mucous  membrane  becomes  twice  or  three 
times  thicker,  indurated,  and  ef  a smoky  gray  or  brown  diffuse  color.  In  the  liver 
there  is  developed  either  a smooth  induration,  or  a lobing  of  the  liver  similar  to  that 
of  syphilitic  induration,  or  true  cirrhosis:  always  with  atrophy  of  the  liver-cells, 
and  various  stages  of  connective  tissue  development,  and  chronic  icterus.  In  the 
latter  forms  there  appear  venous  hyperemia  of  the  gastric  and  intestinal  mucous 
membrane,  chronic  tumor  of  the  spleen,  finally  ascites  and  hydro-thorax.  (Weonkk. 
VircJi.  Arch.,  1872,  LV.,  p.  11.) 

KcssMAri,  and  MUER  (Arch.  f.  klin.  Med.,  1872,  IX.,  p.  283)  found  in  a case  of 
chronic  lead  poisoning,  stronger  development  of  the  sub-mucous  tissue  of  the 
stomach  and  intestine,  growth  and  sclerotization  of  the  connective  tissue  septa  of 
many  ganglia  of  the  sympathetic  nerve,  especially  of  the  cceliac  and  superior  cervical. 

Increase  of  connective  tissue  takes  place  PHYSIOLOGICALLY  in  the  mucous  mem- 
brane of  the  uterus  during  menstruation,  and  especially  during  pregnancy.  The 
mucous  membrane  thickens  already  in  the  second  week  of  pregnancy,  especially 
that  of  the  body  of  the  uterus  to  from  four  to  six  millimetres,  is  softer,  redder  and 
plaited,  and  finally  becomes  the  decidua  vera.  The  latter  contains  in  a compara- 
tively scanty  connective  tissue,  very  abundant  cells,  especially  lines  of  large, 
nucleated,  spindle-shaped  cells.  In  the  later  periods  of  pregnancy,  it  consists  of  a 
structureless  substance  with  more  epithelium-like  colls  and  free  nuclei.  The  various 
stages  of  growth  and  disappearance  of  the  decidua  are  not  vet  certainly  known. 

Consult  Desman,  The  Aunt,  of  the  Human  Grand  l tern*.  1774. — Simpson, 
Obstetric  Memoir*  ami  Contrib 1855,  I.,  p.  2St. — Virchow,  Gee.  Abh 18.18.  p. 
785. — Haismann,  lit dr.  z.  GeburUh.  u.  Gt/nak.,  1871,  I.,  2 II.,  p.  155. 

The  pathological  connective- tissue  hypertrophies  most  worthy  of  notice 
are  the  following : 

Hypertrophies  of  the  skin  are  hereditary  or  acquired,  partial  or 
extended  over  a varying  extent,  pure  or  with  simultaneous  growth  of 
epidermis,  pupillar  and  vascular  growth,  new-formations  of  fat,  growth  of 
hair,  pigmentation,  etc.  ; and  ali'ect  sometimes  both  layers  of  the  skin, 
sometimes  only  or  especially  the  upper  and  lower,  sometimes  also  the  sub- 
cutaneous tissue,  sometimes  at  the  same  time  the  deeper  connective-tissue 
layers  (even  the  periosteum  and  bones). 

Here  belong:  PACHYDERMIA  or  ELEPHANTIASIS  AHABI  M;  pachydermia  noetras 
with  its  sub- varieties  (deph.  Unit  *.  glabra , el.  jxipiilnrix  *.  rrrrucaea,  ti.  tuberota 
s.  nofloea — el.  alba,  fmea  and  nigra — el.  cornea — cl  rnolU*  and  dura — common  and 
ulcerous  el. — d.  tdeangiectodc* — el.  ci/*tic<n.  of  the  extremities,  especially  the 
lower,  ns  well  as  of  the  male  and  female  genitals true  KELOID;  so-called  scleroma 
of  the  skin  ; the  induration  in  the  neighborhood  of  chronic  ulcers;  many  cases  of 
so-called  tumor  nlbus.  In  part  also  there  belong  here  ichthyosis  and  homy  growths, 
warts,  and  ooudylomata,  many  soft  warts,  molluscum  simplex,  naxut  moUum- 
for  mi*. 

The  remarkable  case  of  a man  covered  at  birth  with  innumerable  soft  warts, 
which  reached  the  size  of  a dove’s  egg,  whose  skin,  tanned  arid  stuffed,  is  to  be 
found  in  the  collection  at  Leipzig  (TlLRSirs.  Von  Reinhardt '*  l>i*ca*‘\  1 703 >.  as  well 
as  the  case  which  forms  the  frontispiece  of  Virchow's  Grech iruhten.  likewise  belong 
under  this  classification.  I know  a man  fifty  years  old,  who  bears  a perfect  resem- 
blance to  the  case  above  described  : his  affection  is  hereditary;  a sou  of  this  man  is 
troubled  with  the  same  disease. 

Kki.oih  is  a formation  of  the  skin  similar  to  a hypertrophic  cicatrix,  of  varying 
size,  1 to  many  mm.  high  and  of  varying  form,  often  with  processes.  Its  resem- 
blance to  cicatrix  dejn-uds  especially  upon  its  whitish,  bright  surface  and  on  the 
thinness  and  firm  adhesion  of  the  overlying  skin.  It  occurs  for  the  most  part  singly, 
rarely  in  numbers  ; most  often  on  the  sternum  and  body.  It  occurs  sometimes  after 
local  injuries  of  the  skin,  sometimes  in  or  around  a cutaneous  cicatrix.  Histologi- 
cally, keloid  resembles  in  part  cicatricial  tissue,  in  part  fibrous  sarcoma.  In  the 
periphery  there  are  found  in  the  processes  of  keloid  numerous  nuclear  spindle- 
shaped  cells,  which  lie  like  sheaths  on  the  walls  of  the  vessels,  especially  those  of 
the  arteries ; the  older  central  parts  of  keloid,  on  the  contrary,  contain  much  less 
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of  those  cells,  but  especially  connective  tissue. — Consult  At.ihkrt,  7)  tor.  d.  mnl.  d« 
lipeau.  1814,  p.  113. — Mem.  de  la  nor,,  rued.  d'emul .,  1817,  p.  744. — Follin,  Gaz.  d. 

184!),  No.  75. — Lanoiians,  Virch.  Arch..  XL.,  p.  332. — Koiin,  Wien.  med. 
Wttchr.,  1871,  Nob.  24-20. 

On  mi i nobclkroma  consult  Hkiiua,  Wien.  mcd.  Wtohr.,  1870,  No.  1. — Gebkr, 
Arch.  f.  Dermat.  u.  Syph.,  1872,  IV.,  p.  493. 


Hypertrophies  of  mucous  membranes  affect  a greater  or  less  extent 
of  surface,  the  papillary  layer  only,  or  the  entire  tissue  of  the  membrane 
(or  simultaneously  the  sub-mucous  tissue,  intermuscular  connective  tissue, 
muscular  and  serous  layers).  With  these  there  not  infrequently  occur 
haemorrhages,  hypertrophy  or  atrophy  of  glands,  etc. 

Here  are  included  the  simple  thickenings  of  mucous  membranes,  especially  after 
chronic  catarrhs,  polypous  and  plaited  hypertrophy  of  mucous  membranes,  (e.g.,  on 
the  internal  surface  of  many  bronchiectasiaa),  and  partly  polypi  of  mucous  mem- 
branes. The  surface  of  these  mucous  membranes  is  (mostly  in  consequence  of  dila- 
tation of  the  glands)  often  covered  with  an  abundant,  transparent  or  pasty  mucus. 
These  hypertrophies,  in  one  form  or  another,  affect  especially  the  mucous  membrane 
of  the  nose,  bronchi,  stomach,  large  intestine,  uterus,  the  decidua  vera. 

Hypertrophies  of  fibrous  membranes  are  found  in  periosteum  and 
perichondrium  as  primary  or  as  consecutive  processes;  likewise  in  muscle- 
fibres;  often  in  the  dura  mater  (so-called  pachymeningitis  chronica),  in  the 
tunica  albuginea  of  the  testicles  and  ovaries,  especially  in  old  people,  in 
the  fibrous  coat  of  the  spleen,  kidneys,  in  the  neurilemma,  in  the  sclerotic 
and  cornea.  Hypertrophies  of  tendons  and  ligaments,  as  well  as  of  the 
connective-tissue  portion  of  fibrous  cartilage  occur  mostly  in  chronic 
inflammations  and  with  like  affections  of  the  bordering  parts,  especially 
the  bones. 

Hypertrophies  of  vascular  membranes,  of  the  pia  mater  and  of  the 
choroid  plexus,  of  the  iris,  etc.,  often  occur  as  general  or  partial  clouding, 
thickening,  etc. 

KUBSMAUL  and  Maier  (Arch.  f.  klin.  Med.,  1806,  I.,  p.  484)  found  in  a clinically 
remarkable  case  (quickly  arising  general  muscular  paralysis  with  loss  of  electric 
contractility,  severe  pains,  small  subcutaneous  tumors,  etc.)  peculiar  thickening  of 
numberless  fine  arterial  branches,  dependent  upon  new-formatiou  of  cells,  nuclei 
and  connective  tissue  in  the  adventitia  aud  upon  nuclei  in  the  muscle-cells  of.  the 
media : so-called  peri-arteritis  NODOSA.  Thereby  the  vessels  are  sometimes 
dilated  as  aneurisms,  sometimes  contracted. 

Hypertrophies  of  homogeneous  connective-tissue  membranes,  as  of 
the  envelopes  of  the  Malpighian  bodies  of  the  spleen,  solitary  and  Peyer’s 
follicles,  etc.,  also  of  the  so-called  membrame  propria?  of  most  racemose 
and  saccular  glands,  testes,  Graafian  follicles,  Malpighian  bodies  of  the 
kidneys,  urinary  tubuli,  liver,  etc.,  occur  frequently,  rarely  alone,  for  the 
most  part  with  various  chronic  changes  of  glandular  elements,  surrounding 
connective  tissue  and  capillaries. 

Hypertrophies  of  areolar  connective  tissue  likewise  affect  the  tissue 
in  all  localities:  fat-tissue  under  the  skin,  that  of  the  bones,  in  the  ab- 
dominal cavity,  etc.,  rarely  alone,  mostly  at  the  same  time  with  the  overly- 
ing parts  (e.ci-,  skin,  peritoneum),  often  in  the  neighborhood  of  chronic 
ulcers,  fistula?,  carious  bones,  etc. 

Sub-serous,  sub-mucous,  inter-muscular  and  inter- acinous  connec- 
tive tissue,  loose  connective  tissue  in  the  vicinity  of  (he  large  intestines, 
vessels  and  nerves,  interstitial  nerve-tissue,  etc.,  show  hypertrophies  of 
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varying  extent  and  degree,  which  rarely  occur  alone,  but  for  the  most  part 
with  chronic  inflammatory  processes  in  the  surrounding  tissues. 

Through  hypertrophy  of  sub-mucous  tissue  there  arises  a condition  of  the  gastric 
mucous  membrane  similar  to  the  mammilated  state  : so-called  granular  degeneration 
of  Freund.  (Abh.  d.  schks.  Ge*.  f.  cat.  Cultur.,  1802). 

In  glandular  organs  (tuammffl,  ovaries,  liver,  pancreas)  there  arise 
many  so-called  hypertrophies,  indurations,  cikrhoses,  etc.,  which  are  of 
various  forms,  according  to  whether  the  whole  connective  tissue  or  only 
that  of  some  parts,  e.g.,  in  the  mamma,  in  lymph  glands  that  of  the  hilus, 
is  hypertrophic.  At  the  same  time  the  gland-cells  are  for  the  most  part 
destroyed. 

In  the  mamma  the  affections  of  this  class  are  called  hypertrophies  or  innocent 
induration,  or  diffuse  fibromata,  also  hard  elephantiasis,  cirrhosis,  etc.,  if  they  affect 
the  whole  mamma ; fibroid,  fibroma  tuberosum  s.  lobulare,  if  they  are  partial.  The 
changes  in  the  liver,  spleen  and  kidneys  in  consequence  of  chronic  diseases  of  the 
heart  likewise  belong  here  ; they  are  often  combined  with  degenerations  of  glandu- 
lar elements.  In  connective-tissue  indurations  of  lung- tissue,  the  connective  tissue 
around  the  bronchi  and  vessels,  as  well  as  the  interlobular  connective  tissue,  is 
sometimes  thickened  to  a great  degree;  from  these  connective -tissue  fibres  are  seen 
to  radiate  into  the  alveolar  tissue  of  the  lungs  themselves,  so  that  the  alveoli  are, 
as  it  were,  pierced  by  connective  tissue.  Cirrhosis  proper  of  the  liver  and  grauular 
kidneys  are  of  the  greatest  importance. 

C.  New-formation  of  vascular  CONNECTIVE  tissue  in  the  form  of  con- 
nective tissue  TUMOR. 

New-formation  of  connective  tissue  and  vessels  occurs  in  almost  everv 
tumor.  Both  tissues  form  the  capsule,  or  the  pedicle,  or  the  sheath  (so- 
called  stroma)  of  the  tumor.  Or  they  together  form  the  greatest  part  of 
it.  Only  the  latter  new-formatious  here  come  under  consideration.  On 
their  modes  of  origin,  see  p.  373. 

a.  Tumor  of  fixed  or  formed  connective  tissue,  so-called  fibroma 
or  fibroid. 


(Fibromv  densum  a compactum.  true  connective  tissue  or  fibrous  tumor, 
fibrous  tumor,  desmoid,  inoma ; formerly  called  also  chondroid,  scirrhus,  uleaxoma  ) 


Solid  fibroma  consists  mostly  of  distinct  connective-tissue  fibres,  which 
are  arranged  in  every  possible  direction,  an  1 on  this  account  are  with  dilli- 
cultv  isolated,  rarely  of  indistinct  fibrous  or  wavy  connective  tissue ; besides, 
of  connective  tissue  corpuscles  in  varying  abundance,  of  comparatively  nume- 
rous vessels,  and  commonly  also  of  elastic  fibres. 

fibromata  are  for  the  most  part  sharply  circumscribed,  rarely  diffuse: 
in  the  latter  case,  they  pass  into  connective-tissue  hypertrophies.  Their 
si/.e  varies  from  that  of  the  smallest  circumference  to  that  of  the  uterus  far 
advanced  in  pregnancy  and  more.  Their  form  is  round,  rounded,  or  oval, 
etc.  ; their  periphery  uniform,  knobby,  or  lobcd.  They  are  solid  in  section  ; 
section  is  accompanied  by  a creaking  noise.  The  cut-surface  is  even,  shin- 
ing, for  the  most  part  whitish,  rarely  gray,  grayish-red,  yellowish-red,  com- 
monly also  without  visible  vessels.  It  is  dry,  or  shows  only  a very  small 
quantity  ol  serous,  sometimes  slightly  mucous  liquid.  It  is  concentrically 
laminated,  sometimes  uniformly,  sometimes  about  one  or  more  central 
points,  sometimes  it  is  composed  of  irregularly  intersecting  fibre  bundles. 
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sometimes  it  consists  of  variously  formed  parts  separated  by  soft  connective 
tissue.  It  offers  mostly  a distinct  fibrous  character;  it  is  rarely  entirely 
homogeneous. 


Billroth  (Arch.  f.  klin.  Chir IV.,  p.  545)  refers  the  peculiar  architecture  of 
fibromata  to  the  fact  that  they  arise  from  nerve-sheaths  and  the  adventitia  of  the 
smaller  arteries ; the  nerves  disappear,  the  arteries  remain.  By  this  it  is  explicable 
why  in  the  uterus,  nerves  and  vessels  of  which  undergo  a considerable  change  in 
dimensions  during  menstruation  and  pregnancy,  and  in  whose  sheaths  there  is  a con- 
stant morphological  movement,  fibromata  so  often  arise ; why  they  are  so  rich  in 
arteries,  which  bleed  profusely  after  every  injury,  because  they  cannot  retract ; why 
many  nerve-tumors  pain  only  for  a length  of  time  or  not  at  all,  whilst  the  nerve-fibres 
are  gradually  destroyed. 

Fibromata  occur  on  tbe  trunk  and  extremities,  proceeding  from  the  skin 
(as  elephantiasis  tuberosa,  etc.),  from  the  subcutaneous  and  intermuscular 
connective  tissue,  from  fascia,  periosteum,  bones,  and  bone-marrow;  in  the 
uterus  and  its  vicinity,  in  subserous  tissues  chiefly,  in  submucous  tissue, 
especially  of  the  nose  and  throat,  more  rarely  in  that  of  the  larynx,  stomach, 
and  intestines ; in  nerves  (as  common  neuroma,  and  as  so-called-  subcuta- 
neous, painful  tumor,  or  so-called  irritable  tumor) ; in  glandular  organs, 
especially  the  mamma,  kidneys  ( nephritis  interstitial  is  tuberosa ),  etc.;  very 
rarely  in  the  liver,  heart,  etc. 

Fibromata  occur  in  the  skin  almost  always  singly.  They  rarely  return 
after  extirpation.  Only  in  some  cases  are  fibromata  metastatic,  especially 
in  the  lungs  and  serous  membranes.  Organs  and  tissues,  which  are  the 
seat  of  fibromata,  as  well  as  the  whole  organism,  sutfer  almost  always  only 
from  the  size  of  the  tumor. 

Fibromata  for  the  most  part  grow  very  slowly. 

The  metamorphoses  of  fibromata  affect  one  or  many  points,  rarely  the 
•whole  tumor.  They  are:  hemorrhages  with  consecutive  pigmentation, 
perhaps  also  cyst-formation;  calcification,  not  infrequently  in  some 
parts  of  the  centre,  more  rarely  in  the  periphery,  it  makes  the  consistence 
of  the  tumor  sometimes  only  crumbling  or  chalky,  sometimes  of  stony  hard- 
ness ; ossification,  rarely,  for  the  most  part  only  at  points;  fatty 
metamorphosis,  whereby  some  parts  of  the  tumor  are  yellowish  and  soft, 
sometimes  cavernous;  inflammation,  sometimes  with  formation  of  abscess, 
more  often  with  consequent  ichor ; sometimes  with  spontaneous  elimination. 
Absorption  of  fibromata  is  very  questionable. 

The  combinations  of  fibromata  with  other  forms  of  tumor  are  compara- 
tively frequent.  They  are  either  present  from  the  beginning:  so-called 
combination  proper  ; or  they  are  formed  in  developed  fibroma  : so-called 
degeneration.  Especially  noteworthy  are : here  and  there  new-formation 
■of  mucous  tissue,  fibroma  myxomatosum  (not  to  be  confounded  with  oedema 
of  the  same);  lipomatous  metamorphosis,  fibroma  lipomatodes,  rare; 
new-formation  of  organic  muscle-fibres,  the  earlier  so-called  fibroid  (see 
Myoma);  sarcomatous  degeneration,  which  in  its  lightest  degrees  not  in- 
frequently occurs  in  the  form  of  strne,  which  consist  of  spindle-shaped  cells 
lying  close  together,  and  sometimes  affects  the  original,  sometimes  the 
recurrent  (after  extirpation)  tumor  (fibroma  sarcomatosum) ; cavernous 
degeneration,  whereby  fibromata  here  and  there  or  throughout  are  like 
the  pregnant  uterus;  combination  with  cysts. 

b.  Tumor  of  loose,  or  areolar  connective  tissue. 

So-called  FIBROMA  AREOLARE  s.  LAXUM  ; cellular  tissue  fibrous  tumor  (J.  MC'L- 
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leu),  connective  tissue  tumor  (J.  Vogel),  albuminous  fibroid  (Scucn),  fibro-cellulai 
tumor  (Paget). 

Areolar  fibroma  consists  of  bundles  of  vascular,  fibrous,  or  homogeneous 
connective  tissue,  which  presents  spaces  of  varying  number,  size,  and  form, 
filled  with  serous  or  mucous  liquid.  It  shows  manifold  transitions  into 
solid  fibroma  and  connective  tissue  hypertrophy. 

In  many  areolar  fibromata  there  are  found  only  spaces  which  correspond  to  dilated 
lymphatic  vessels  and  to  transitions  of  these  into  the  normal  vessels. 

Waldkyeu  (Arch.  f.  Gyn&k.,  1871.  II.,  p.  440)  describes  a diffuse  fibroma  of  the 
ovary,  of  peculiar  construction:  its  cut  surface  bears  a similarity  to  spongy  bone 
with  narrow  meshes. 

Areolar  fibromata  arc  of  very  varying  size,  which  is  not  infrequently 
considerable,  and  of  a regularly  rounded,  uniform,  or  lobed  form.  Their 
surface  is  for  the  most  part  light-yellow  and  soft.  The  cut-surface  shows  a 
color  and  lobing  which  correspond  to  those  of  the  surface.  The  lobes  are 
mostly  separate  from  one  another,  here  and  there  connected  together.  The 
surface  of  section  sometimes  resembles  (edematous  connective  tissue  and 
gives  out  an  abundant  quantity  of  liquid,  whereby  the  tumor  collapses, 
becomes  firmer,  and  like  common  fibromata ; sometimes  it  contains  numer- 
ous cyst-like  spaces. 

Areolar  fibromata  occur  in  circumscribed  or  diffuse  form.  The  former 
are  found  in  the  skin  and  subcutaneous  connective  tissue,  especially  of  the 
scrotum,  labia  inajora,  around  the  vagina,  in  intermuscular  connective 
tissue,  periosteum,  in  the  bones  of  the  extremities,  in  the  uterus,  mamma*, 
etc.  The  latter  occur  oftenest  in  the  skin  of  various  parts,  as  so-called  soft 
warts,  raolluscum  lipomatodes,  cutis  pendula,  fibroma  molluscum,  and  as 
leontiasis;  also  as  elephantiasis  of  the  scrotum,  prepuce,  labia,  clitoris,  of 
the  extremities,  nose,  ears;  as  well  as,  finally,  in  the  submucous  connec- 
tive tissue  of  the  pharynx,  nose,  larynx,  uterus,  etc.,  in  form  of  so-called 
polypi. 

\ arious  xetamokphoses  (fatty,  chalky,  pigmentary)  are  very  often  found 
in  these  tumors;  also  abscesses  in  various  stages  of  development;  or  slight 
admixture  of  fatty, cartilaginous,  sarcomatous  tissues,  etc.,  whereby  the  char- 
acter of  the  surface  of  section  may  l>ecome  in  the  highest  degree  mixed. 
It  the  tissue  last mentioned  occurs  in  greater  quantity,  the  tumors  become 
lipomata,  enehondromata,  sarcomata,  etc. 

C.  Mucous  TISSUE  TUMOR,  OR  MUCOUS  TUMOR,  MYXOMA. 

Tumor  mucosas,  collonema,  gelatiniform  or  colloid  sarcoma. 

J.  Muller,  Arch.  f.  Annt.  Phyx.,  etc.,  1836,  CCXIX. — Virchow,  Arch..  1857, 
XI..  p.  286  ; Die  GcaohwuUU,  I.,  p.  396. 

Myxoma  occurs  pure  or  mixed  with  other  tissues. 

Pure  myxoma  consists,  besides,  of  a scanty  connective  tissue  poor  in  vessels 
(but  which  may  also  be  wanting),  only  of  mucous  tissue,  of  a mucous 
basis  substance  with  stellate  or  spindle-shaped  cells  anastomosing  with  one 
another,  or  (in  young  tumors)  with  small  round  cells  like  mucous  corpuscles. 

Pure  myxoma  forms  soft,  frequently  lluctuating,  translucent  masses,  for 
the  most  part  poor  in  blood,  which  on  section  usually  shows  various  septa 
of  connective  tissue,  and  a soft  or  firm  gelatinous  consistency,  and  by  pres- 
sure there  escapes  a colorless,  or  pinkish  and  viscid  mass.  The  tissue  is, 
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according  to  its  cell-contents,  translucent,  clear:  myx.  iiyalinum  s.  gelu- 
tinosum, — or  cloudy,  whitish,  even  medullary : myx.  medullakk. 

Mixed  forms  of  myxoma  are  : myx.  fibrosum,  which  contains  a more 
abundant  connective  tissue,  or  also  elastic  tissue;  mxy.  teleangiectodes, 
with  abundant  vessels ; myx.  lipomatodes,  which  by  its  fat-cells  appears 
yellow,  uniformly  or  in  spots;  myx.  cartilagineum,  which  contains  car- 
tilage-cells. 

Myxomata  are  more  often  hyperplasias,  less  often  heteroplastic  forma- 
tions. To  the  former  belongs  especially  myxoma  of  the  placenta,  the  so- 
called  vesicular  mole,  which  consists  in  a hypertrophy  of  the  mucous  tissue 
of  the  tufts  of  the  chorion,  for  the  most  part  in  the  whole  circumference  of 
the  membranes  of  the  ovum.  The  tufts  become  converted  into  pedicled, 
vesicular  forms,  which  vary  in  size  to  that  of  a cherry  and  larger,  and  which 
not  infrequently  have  smaller  tumors  attached  to  them  ; the  whole  mass 
may  reach  the  size  of  a man’s  head.  Either  there  is  no  longer  any  trace  of 
the  f etus  visible ; or  in  the  interior  of  the  whole  mole  there  are  yet  to  be 
found  the  remains  of  it,  as  well  as  of  the  amnion,  umbilical  vesicle  and  cord. 
Sometimes  the  tufts  only  of  the  chorion  are  degenerated  into  myxomata ; 
the  placenta  otherwise  normal,  the  fetus  develops  correspondingly  with 
the  time  of  pregnancy. 

With  respect  to  many  myxomata  it  is  not  to  be  distinguished,  whether 
they  are  of 'hyperplastic  or  heteroplastic  nature.  To  these  belong  those  in 
the  subcutaneous  and  intermuscular  connective  tissue,  in  fasche — especially 
of  the  thigh,  back,  hand,  checks,  corners  of  the  mouth,  labia;  also  those  in 
peripheric  nerves ; perhaps  also  in  bones,  especially  in  their  medulla,  es- 
pecially of  the  maxilla  and  tibia. 

Myxomata  are  heteroplastic  in  the  interior  and  in  the  vicinity  of  glandu- 
lar organs  (salivary  glands,  mammary  glands,  testicles,  thyroid  gland) ; less 
often  those  in  the  brain  and  its  meninges,  those  in  mucous  membranes 
(urinary  bladder),  etc.  Many  myxomata  which  seem  heteroplastic,  are  per- 
haps hyperplasias,  while  remains  of  mucous  tissue  from  the  fetal  period 
persist,  without,  as  normally  happens,  becoming  transformed  into  fatty 
tissue. 

Myxomata  mostly  have  the  form  of  tumor ; in  rare  cases  they  are  diffuse 
(many  so-called  hypertrophies  of  the  mamma).  The  tumors  are  mostly 
round  and  uniform,  rarely  lobed ; they  are  for  the  most  part  small.  They 
are  mostly  single;  multiple  sometimes  only  in  the  nerves.  They  rarely 
return  after  extirpation.  They  seldom  form  metastases. 

Myxoma  of  the  placenta  (so-called  vesicular  mole),  long  known  clinically  (Boivin, 
JV ,„tc.  reck,  mr  I'orig.  de  la  mole  vexiculaire,  1827),  has  been  more  accurately  investi- 
gated histologically  during  the  last  ten  years.  Consult  especially  II.  MOj/leb,  Ueb. 
d.  Bin  d.  Molen,  1847.  Meckel  and  Gierse,  Verb.  d.  Bed.  geburtxh.  Get.,  1847, 
II , p.  120.  Block,  Die  Blasen mole,  lH(ii).  The  vesicular  mole  occurs  more  fre- 
quently during  the  later  years  of  life  (40th-f>0th  year).  Its  other  causes  are 
unknown.  Aside  from  the  destruction  of  the  foetus,  it  becomes  important  through 
the  hemorrhages  during  the  expulsion,  which  sometimes  are  very  profuse,  through 
puerperal  inflammations,  etc. 

J.VROT/.KY  and  WALDEYER  ( Virch.  Arch.,  1868,  XLIV.,  p.  88)  describe  an  mtra- 
parietal  and  intravascular  further  development  of  chorion-tufts  in  myxomatous  de- 
generation, and  suppose,  that  by  a longer  intrn-uterine  existence  of  the  mole  (about 
the  third  month)  a growth  of  the  chorion-tufts  into  the  blood-spaces  of  the  uterine 
substance  must  take  place. — Volk.uann  (lb. , XL!.,  p.  528)  earlier  described  a case 
of  interstitial  destructive  mole-formation. 

Waldeyer  ( lb. , XLIV..  p.  83)  saw  an  arborescent  myxoma  of  the  seminal  duct, 
which  was  independently  developed  in  the  veins,  the  lumen  of  which  was  filled,  and 
which  formed  a part  of  a myxo-choudro-sarcoma  kystomatosum  of  the  testicle. 
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A diffuse  neve-formation  of  mucous  tissue,  which  occupied  the  greatest  part  of  the 
gray  substance  of  the  CEREBELLUM,  was  found  by  Billroth  (Arch.  d.  J/cilk.,  III., 
p.  47).  All  small  vessels  and  capillaries  were  surrounded  by  a thick  adventitia,  which 
consisted  of  mucous  tissue. 

W.  Muller  (Beat).  d.  path.  Inst,  zu  Jena,  1871,  p.  481)  describes  the  myxomatous 
adenoma  of  the  thyroid  gland  and  determines  its  relation  to  the  common  gelatinous 
goitre  (adenoma  geiatinosuin — see  p.  380)  and  to  colloid  cancer.  Myxomatous  adenoma 
forms  in  the  thyroid  gland  either  shandy  circumscribed  and  capsule-like  deposits,  or 
uniform  infiltrations  not  sharply  defined.  The  starting-point  of  myxoma-formation 
is,  according  to  AL,  the  adventitia  of  the  smaller  arteries. 

Wkichselbacm  ( Virch.  -4rcA.,1873,  LIV.,  p.  160)  describes  a great  myxoma  with 
secondary  tumors  of  the  lungs:  in  both  localities  were  found  also  scattered  isolated 
formations  of  cartilage  and  bone. 

On  other  modes  of  occurrence  of  mucous  tissue,  see  Compound  new- formations. 


D.  Vascular  tumor,  or  angioma. 

(Tumor  vasculosus.) 

Consult  the  surgical  works,  etc.,  of  J.  Bell,  Scuun,  Cruveilimkr,  Rokitansky, 
and  others,  as  well  as  Vircuow,  Gexch <r. . III.,  1 H.,  p.  306. 

Vascular  tumors  are  characterized  by  this,  that  they,  besides  consisting 
of  connective  tissue  and  other  common  atrophic  tissues  of  the  place  of  origin, 
consist  essentially  of  new-formed  and  of  original,  and  for  the  most  part  of 
dilated  vessels.  The  vessels  contain  blood,  which  flows  more  slowly  and 
under  higher  pressure  than  in  other  vessels. 

The  vessels  of  angioma  arc  sometimes  not  distinguished  from  normal  vessels  by  any- 
thing but  their  great  number,  sometimes  they  are  dilated  to  various  extents  and 
thinned.  There  are  no  other  known  peculiarities  in  the  structure  of  the  vessels. 

Most  vascular  tumors,  like  their  physiological  types,  possess  the  property 
of  ekScta BILITY,  L«.f  under  certain  for  the  most  part  unknown  conditions, 
also  under  the  influence  of  heat  or  by  contact,  etc.,  they  become  larger  and 
harder,  of  a darker  color  and  higher  temperature,  and  also,  in  part,  pulsat- 
ing. Angiomata  are  more  frequently  found  single,  rarely  in  small  numl>ers, 
most  rarely  in  great  numbers.  They  grow  sometimes  quickly  or  slowly, 
until  death,  or  until  they  have  been  cured  ; sometimes  they  at  length  cease  to 
grow;  sometimes,  finally,  they  retrograde  spontaneously  (without  demon- 
strable processes,  or  by  way  of  thrombosis,  inflammation,  and  ulceration). 
They  act  by  displacement  of  normal  tissues  injuriously  in  this,  that  they 
may  give  rise  in  the  skin  ami  mucous  membranes  to  erosions  and  ulcerations, 
and  thereby,  not  infrequently  periodically,  to  haemorrhages  of  dangerous 
magnitude.  Sometimes  they  are  painful.  They  very  rarely  return  after 
extirpation. 

The  mode  of  development  of  vascular  tumors  is  still  unknown.  A portion  of  their 
vessels  are  original  vessels  greatly  dilated.  With  res|>ect  to  the  remainder  of  the 
vessels,  they  probably  arise  in  one  of  the  ways  described  above  (j>.  375)  as  narrow 
vessels,  which  afterwards  dilate.  Their  enlargement  takes  place  probably  through 
granulation-tissue.  Many  are  formed  by  filling  of  the  net-work  of  connective  tissue 
corpuscles  with  blood  'Neumann,  Virch  Arch  . XXI.,  p.  2s«>.  Fleiscul  (<)> *tr. 
Jnhrb. , 1872,  III,,  p.  229)  agrees  with  Rokitansky  in  regarding  the  development 
and  structure  of  cavernous  tumors  as  analogous  to  that  of  the  structure  of  cancer. 

1 he  so-called  capsule  of  angioma  is  a secondary  formation. 

The  causes  of  angioma  are  for  the  most  part  unknown.  In  some  cases  they  are 
preceded  by  wounds.  In  others  there  is  probably  at  first  paralysis  of  the  vaso- 
motor nerves.  (The  author,  Arch.  d.  lit  ilk .,  XI.,  p.  305.) 
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ANGIOMA  CAPILLARE. 


\ ascular  tumors  occur  chiefly  in  three  different  forms.  Besides,  there  is 
a lymphatic  vessel  tumor. 

a.  Tumor  ok  capillary  vessels,  ok  teleangiectasia  proper. 

(Angioma  capillare,  erectile  tumor,  names  vasculosus.) 

It  is  almost  always  present  at  birth,  or  arises  during  the  first  days  or 
weeks  of  life,  rarely  in  the  later  years  of  life,  but  in  the  former  case  increases 
after  birth  most  quickly  in  volume,  it,  occurs  oftenest  in  the  skin,  especially 
of  the  head,  neck,  and  extremities,  where  they  are  sometimes  located  in  the 
papillary  layer  (so-called  burnt-mark,  mole),  sometimes  in  the  entire  coriurn 
and  in  the  fat-tissue;  it  is  comparatively  rare  in  mucous  membranes  (es- 
pecially of  the  lips) ; still  more  rarein  muscles,  bones,  especially  in  spongy 
bone-substance,  in  the  tongue,  in  the  choroid  plexus,  and  in  the  brain. 

These  tumors  are  in  size  from  that  of  a millet-seed  to  that  of  the  surface 
of  the  hand,  or  occupy  a great  part  of  the  face  or  of  one  extremity,  are 
more  rarely  circumscribed,  mostly  diffuse,  flat,  rarely  tumorous,  uniform  or 
(especially  in  fat  tissue)  lobed,  mostly  bluish-red,  rarely  bright  or  dark  red, 
soft,  and  on  section  appear  uniformly  red  or  present  some  firmer,  pale 
points,  and  quickly  collapse. 

The  microscope  shows  as  the  chief  constituent  tortuous,  even  cork-screw- 
shaped capillary  vessels  in  the  most  varying  arrangement,  uniformly  wide, 
or  varicose  or  aneurismal,  with  normal  or  remarkably  thick  walls,  passing 
into  arterial  or  venous  structure,  often  strongly  contracted,  even  wholly 
empty,  and  on  this  account  recognized  with  greater  difficulty,  besides  filled 
with  normal  blood  and  rarely  with  fatty  detritus ; also  small  arteries  and 
veins,  which  are  not  infrequently  similarly  thickened.  The  vessels  are  in 
many  cases  chiefly  dilated  veins:  capillary  vakix,  teleangiectasis  vknosa 
s.  angioma  varicosum.  Besides,  angioma  contains  connective  tissue,  wavy 
or  striped,  with  scanty  nuclei,  of  uniformly  slight  or  in  places  of  greater 
strength.  In  the  skin  there  is  frequently  found  besides,  fat-tissue  (so-called 
teleangiectasia  lipomatodes),  sweat-  and  sebaceous  glands,  hairs  with  their 
follicles  and  not  infrequently  with  thickened  smooth  muscles.  Etc. 

The  so-called  glomerular  tumor,  tumor  glomerulosus  (Billrotu),  is  probably  only 
a very  vascular  villous  cancer. 

b.  Cavernous,  or  venous  tumor. 

(Angioma  venosum  s.  cavemosum.) 

It  exists  rarely  at  birth,  but  is  for  the  most  part  acquired,  in  young  and 
old  individuals,  and  proceeds  probably  in  many  cases  from  teleangiectasia. 
It,  occurs  most  frequently  in  the  liver,  especially  in  its  periphery,  less  often 
in  the  skin  of  all  parts  of  the  body,  especially  of  the  head  (region  of  the 
ear,  lips,  eyes,  especially  in  the  region  of  the  foetal  commissure:  so  called 
fisxural  angioma),  not  infrequently  also  simultaneously  in  the  bordering 
mucous  membrane ; in  the  subcutaneous  cellular  tissue,  especially  in  the 
cheeks  and  orbits,  also  the  extremities;  most  rarely  in  the  muscles  (also  of 
the  tongue),  mostly  at  the  same  time  with  the  surrounding  tissues,  in 
bones,  the  spleen,  kidneys,  cerebral  meninges,  brain,  etc. 

Cavernous  tumors  are  mostly  round,  spherical,  of  varying  size,  in  the 
liver  from  the  size  of  a bean  to  that  of  a walnut.  They  are  sometimes  cir- 
cumscribed as  if  encapsuled,  sometimes  diffuse  ( ang . cav.  circumscriptum  8. 
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incap svlatum  and  diffusum) : the  former  are  for  the  most  part  smaller  and 
rounder;  the  latter  may  become  much  larger  and  appear  more  tl at  than 
tumors.  It  has  the  greatest  similarity  with  the  cavernous  tissue  of  the 
penis  and  clitoris,  with  the  erectile  tissue  in  the  mucous  membrane  of  the 
turbinated  bones,  with  the  stroma  of  the  hilus  of  the  ovary,  partly  also 
with  the  tissue  of  the  placenta.  After  section,  the  blood  is  mostly  evacu- 
ated, the  tumor  thereafter  becomes  much  smaller  and  is  represented  by  a 
grayish-red  or  gray,  loose  mass,  which  here  and  there  sometimes  contains 
older  and  fresh  fibrinous  coagula,  and  phleboliths. 

The  microscope  shows  a more  or  less  abundant,  sometimes  throughout 
tender,  sometimes  in  places  denser,  sometimes  throughout  a denser  net-work 
of  firm  or  wavy  connective  tissue  or  organic  muscle-fibres,  the  spaces  of 
which  contain  blood,  and  thus  in  many  ways  they  communicate  with  one 
another,  so  that  no  single  vessel  can  be  pursued.  The  spaces  are  sometimes 
provided  with  endothelium,  sometimes  not.  The  remaining  elements  of 
the  original  tissue  (liver-cells,  etc.)  are  in  places  atrophic  or  have  altogether 
disappeared.  The  condition  of  the  vessels  in  cavernous  tumors  is  the  same 
as  that  in  the  physiological  types  referred  to : arteries,  mostly  very  small 
and  after  extirpation  difficult  to  find,  conduct  the  blood  into  the  cavernous 
spaces,  from  which  it  again  flows  into  the  large  veins. 


Cavernous  tumors  of  the  liver,  which  are  most  frequently  observed,  communicate 
not  with  one  large  vessel,  but  with  all  the  small  vessels  belonging  to  the  degenerated 
part  (vena  port*  ns  well  as  the  hepatic  artery). 

In  the  subcutaneous  connective  tissue  new-formations  sometimes  occur  similar  to 
the  cavernous  tumors  of  the  liver,  but  which  are  sharply  circumscribed  and  are  con- 
nected at  one  point  with  a larger  vein  (Ckuveilhier.  1.  c.  Esmarch,  Vink.  . I rch . , 
VI.,  p.  84). 

Aundt  ( Virch.  Arch. , LI.,  p.  506)  distinguishes  three  forms  of  ampullar  ectasia 
of  vessels:  1,  one,  in  which  the  whole  capillary  wall,  the  capillary  tube  and  the 
adventitia  are  at  the  same  time  bulged  out  and  blood  flows  into  the  dilatation — 
COMPLETE  AMPCLLARY  ECTAfUA  ok  TIIK  VESSELS;  S,  one,  in  which  only  the  ad- 
ventitia is  distended  and  in  the  distended  part  are  found  only  lymph  and  lymph- 
corpuscles;  3,  one,  which  is  intermediate  between  the  two  former,  while  both 
tunics  to  a certain  extent  project  independently,  but  are  unequally  dilated  and  so 
project  into  one  another,  that  the  vesicles  thus  formed  contain  lymph  and  blood 
beside  one  another,  although  separated,  lfoth  of  the  last  forms  are  termed  by  A. 
INCOMPLETE  AMPULLAE  ECTASIA  OK  THE  VESSELS,  the  former  ADVENTITIAL 
ECTASIA 

Amuoma  venosum  in  the  narrower  sense  passes  in  many  wavs  into 
venous  teleangiectasia  and  is  oftenest  found  in  the  luemorrhoidal  plexus  as 
external  or  internal  or  mixed  (sub  cutaneous,  or  sub-mucous,  or  half  sub- 
cutaneous, half  sub-mucous)  htemorrhoidal  tumors,  less  often  in  other  parts 
(urinary  bladder,  etc.). 


c.  Arterial  vascular  tumor 

occurs  as  ankuhysm.v  anastomotk  um,  tumor  vcmculosus  arterialis , i.e. , a 
dilatation  and  elongation,  in  parts  probably  also  now-formation  of  the 
smallest  arterial  branches  of  a definite  region,  especially  of  the  branches  of 
tiie  temporal  and  occipital  arteries ; ami  as 

Aneurysma  cirsoideum  s.  varicosum  s.  raceinosnm,  varix  arteriams, 
<. a,  dilatation  and  elongation  of  both  large  and  small  arterial  trunks  and 
their  branches.  Tt  occurs  in  the  same  parts.  In  both  cases  there  are 
found  transitions  into  teleangiectasia. 
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PAPILLOMA,  OR  VILLOUS  TUMOR8. 
d.  Lymphatic  angioma 

consists  in  a dilatation  of  the  lymphatic  vessels  analogous  to  aneurysma 
cirsoideum.  Until  now  it  has  been  rarely  seen,  mostly  only  in  combination 
with  elephantiasis,  etc.,  in  the  skin,  lips,  conjunctiva,  tongue,  but  occurs 
more  frequently  with  chronic  inflammations  (of  the  skin,  serous  mem- 
branes, dura  mater  cerebri). 


The  liquid  flowing  out  of  a cavernous  lymph-tumor  during  life  was  yellowish, 
clear,  of  alkaline  reaction  and  soon  stiffened  into  a translucent  pale  jelly.  It  con- 
tained in  1000  parts  078  water,  8.1  ash,  1.0  fibrin,  1.2  globulin,'  5.5  serum -albumen, 
5.5  casein,  2.2  chloride  of  sodium,  1.0  sulphuric  acid,  0.2  phosphoric  acid  and  0.2 
lime.  (Gjorgjkwic,  Arch.  f.  Id,  Ghir .,  1870.  XII.,  p.  641.) 

As  LYMPHANGIOMATA  OF  THE  KIDNEYS,  Heschl  ( Wkn.  filed.  Wochenschr.,  1866, 
No.  81)  describes  sharply  defined  tumors,  from  a very  small  size  to  that  of  an  apple, 
which  have  a lobed  surface  and  very  loose  consistence,  are  reddish  yellow  on  section, 
present  free  yellowish  fatty  substance,  after  the  removal  of  which  there  remains  a 
finely-filamentous  stroma,  rich  in  vessels.  The  microscope  shows  sacs  arranged 
parallel  with  the  bloodvessels,  which  partly  anastomose  and  arc  filled  with  molecular 
fat  and  granules  ; the  urinary  tubuli  are  compressed.  II.  regards  the  tumors  as  not 
merely  lymphatic  ectasia:,  but  as  in  part  independent  formations. 

Consult  also  Klkbs  (llttb.  d.  path.  Aunt . , p.  471). 

Kostek  ( Worth.  Verh.,  1872,  III.)  showed  that  a tumor  appearing  as  hygroma, 
cyeticum  colli  con genilum  was  a lymphangiectasia.  A R n stein  ( Virch.  Arch.,  1872, 
LIV.,  p.  819)  found  in  a case  of  macro-giossia  no  new -formation  of  muscle,  but  the 
structure  of  “ lymphadenoma  cavern osum. ’’ 

Biesiadrcki  ( Untcrx .,  1872,  p.  11)  describes  a case  of  numerous  tumors  of  the 
skin,  which  consisted  of  dilated  lymphatic  vessels  filled  with  colloid  substance. 

Many  cases  of  so-called  cylindroma  probably  belong  to  the  class  of  vascular 
tumors.  Hihschfeli)  {Arch.  d.  Hcilk.,  1871,  XII.,  p.  167)  proposes  for  it  the  name 
of  angioma  mucosum  prolift  rtnn. 

Concerning  so-called  plexiform  tumors  vide  infra. 

E.  New-formation  of  vascular  connective  tissue  in  form  of  papilla: 

WITH  EPITHELIAL  COVERING.  SO-CALLED  PAPILLARY,  OR  VILLOUS  TUMOR. 

Papilloma. 


Eoker,  Arch.  f.  phys.  JleUk.,  1844,  p.  880. — Rokitansky,  Lehrb.  d.  path.  Anat., 
1855,  I.,  p.  170. — Billroth,  Virch.  Arch.,  1859,  XVII..  p.  857. — Virchow,  Verh. 
d.  Bed.  Gen.  f.  Gebrtsh .,  IV.  ; Wiirzb.  Verh.,  I.  ; Die  krkh.  Geschw.,  I.,  p.  884. 

Papillary  or  villous  tumors,  analogous  to  the  vascular  papillae  of  the 
skin,  villi  of  the  intestines,  etc.,  consist  of  a for  the  most  part  vascular 
body  of  connective  tissue,  rarely  of  mucous  tissue,  and  of  a layer  of  epi- 
thelium. 

The  connective  tissue  body  is  single  or  in  the  most  varying  manner 
branched  ; it  is,  compared  with  the  whole  tumor,  thin  or  thick.  The  ves- 
sels of  the  tumor  consist  of  a single  capillary  loop  or  of  a larger  afferent 
and  efferent  vessel  with  intervening  capillary  net-work ; the  tumors  are 
rarely  entirely  without  vessels.  The  epithelial  layer  corresponds  on  the 
whole  with  that  of  the  portion  of  skin  or  mucous  membra  i from  which 
the  papillary  tumor  arises:  it  consists  sometimes  of  pavement  epithelium 
of  varying  thickness  (on  the  skin),  sometimes  of  cylindrical  epithelium  in 
one  or  many  lavers,  or  of  a kind  of  transition  epithelium  (on  mucous  mem- 
branes, etc.). 

Papillary  tumors  occur  chiefly  on  the  surface  of  the  skin  and  of  various 
mucous  membranes  provided  with  papilla?  or  villi;  indeed  they  are  found 
in  mucous  membranes  without  villi  (stomach,  urinary  bladder)  and  in  new- 
formatioTis. 


PAPILLOMA  : WARTS. 
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The  origin  of  papillomata  varies.  In  normal  parts  containing  papilla-, 
they  proceed  mostly  from  a simple  hypertrophy  of  all  or  single  parts  of  the 
papilhe.  In  parts  without  papillae,  there  is  at  first  a growth  of  the  con- 
nective tissue  and  vessels ; sometimes  the  vessels  later  grow  into  the  at 
first  homogeneous  basis  substance,  analogous  to  the  formation  of  villi  on 
the  upper  surface  of  the  chorion.  The  epithelium  covering  the  papillomata 
is  always  increased  on  the  tmnor:  therein  it  sometimes  shows  the  same 
conditions  as  in  the  normal  skin  or  mucous  membrane,  sometimes  there  is 
a comparatively  greater  quantity  of  it.  It  originates  doubtless  from  the 
pre-existing  epithelium  of  the  part  affected. 

Ai'spitz  {Arch,  f Derviat.  u.  Sffph.,  1870.  II..  p.  25)  assumes  the  contrary  mode 
of  formation  of  papiilomata.  From  many  observations  on  the  development  of 
normal  skin  he  concludes,  that  in  the  origin  of  the  papillary  layer,  as  in  that  of  the 
glands  and  hair-follicles,  the  epidermis  plays  an  active  role,  that  the  papillary  struc- 
ture is  caused  by  the  active  growth  of  processes  inward  from  the  epidermis  into  the 
connective-tissue  stroma  : the  papillary  boundary  of  the  cutis  is  formed  by  the 
pushing  forward  by  the  epidermis  of  top-like  processes  into  the  skin.  According  to 
A.,  papillomata  (warts,  condylomata,  etc. ) also  arise  by  au  active  process  in  the 
rete,  in  consequence  of  which  there  results  a growing  inward  of  the  hypertrophic 
Malpighian  layer  into  the  likewise  imre  or  less  hypertrophied  stroma.  The  papilla} 
of  the  cutis  have  therein  only  a passive  function;  their  elongation  as  well  as  their 
dendritic  form  is  dependent  upon  the  hypertrophy  of  the  epidermis,  while  the  eleva- 
tion of  the  skin  as  a whole  occurs  from  the  hypertrophy  of  both,  epidermis  as  well 
as  stroma. 

The  causes  of  papillary  tumors  are  in  most  localities  irritants  of  every 
kind;  in  mucous  membranes  they  arise  sometimes  in  consequence  of 
chronic  inflammations.  Sometimes  the  causes  are  unknown. 

I saw  in  a girl,  20  years  old,  suffering  from  chronic  pulmonary  tuberculosis,  about 
200  true  warts,  of  the  size  of  a pea,  appear  chiefly  on  the  throat,  neck  and  upper 
part  of  the  breast;  the  face  and  hands  were  free.  After  a year  there  was  an 
ecz<  ma-liko  eruption  on  the  anterior  surface  of  both  legs,  formations,  close  together 
aud  like  warts  of  the  size  of  a lentil,  which  remained  little  changed  for  20  years. 

The  consequences  of  papillomata  vary  with  their  locality  : pressure  upon 
the  subjacent  skin,  narrowing  of  the  canal  inclosed  by  the  affected  mucous 
membrane,  ulceration,  luemorrhages. 

Papillary  tumors  are  commonly  divided  into  hard  and  soft. 

Hard  papillary  tumors  consist  of  a thick,  in  proportion  to  the  epithe- 
lium, single  or  branched  connective-tissue  laxly  with  comparatively  few 
vessels;  or  of  a thin  short  connective-tissue  body  with  abundant  epithelium 
forming  a horn  like  mass.  They  occur  chiefly  on  the  skin,  rarely  on 
mucous  membranes  with  laminated  pavement  epithelium.  To  this  class 
belong  common  warts,  horns,  ulcerating  warts,  condylomata  of  the  skin,  as 
well  as  the  rare  hard  papillomata  of  mucous  membranes. 

\\  arts  op  the  skin,  common  WARTS,  consist  of  a comparatively  thin,  moderately 
vascular,  connective-tissue  body  arising  probably  from  one  or  many  vascular  papilla}, 
which  arc  surrounded  by  a very  thick  layer  of  epidermis.  The  warts  are  hemi- 
spherical or  consist  of  single  papilhe,  according  as  the  latter  are  or  are  not  sur- 
rounded by  a common  horny  layer.  Their  most  frequent  seat  is  the  hands. 

In  warts  are  included  also  most  cutaneous  iiouns,  j . c. , all  those,  which  at  their 
base  contain  vascular  papillae. 

The  so-called  moist  or  ULCERATING  warts,  which  occur  mast  often  on  the  lips, 
and  localise  of  their  character  as  well  as  because  of  their  seat  are  confounded  with 
epith'-liid  cancer,  have  u structure  like  that  of  common  warts,  but  mostly  with  a 
larger  area  ( sometimes  a square  inch  arid  more;.  They  assume  their  peculiarities 
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either  at  once  after  their  formation,  or  after  having  existed  for  years  as  common 
warts.  At  first  the  tumor  is  better  supplied  with  blood,  its  surface  moistens,  the 
epidermal  cells  are  thrown  off,  the  papilla)  become  more  distinct,  then  ulcerate  and 
are  destroyed.  At  the  same  time  degeneration  progresses  in  the  periphery  always 
beyond  the  limits  of  the  skin,  while  the  centre  continuously  secretes  an  offensive 
purulent  liquid,  which  flows  off  or  forms  crusts.  Cicatrization  rarely  begins  from 
the  centre. 

Common  oh  pointed  condylomata,  moist  warts,  eond.  acuminatum,  consist 
of  a more  or  less  regularly  branched  body  of  fibrous  or  homogeneous  connective  tissue 
with  a tortuous  and  tolerably  wide  capillary  vessel  in  every  branch,  and  of  a thin, 
easily  removable  epidermis.  The  remaining  varieties  of  condylomata  are  dependent 
upon  their  size,  upon  the  degree  of  moisture  of  their  surface,  and  especially  upon 
their  seat  on  a free  portion  of  skin  or  near  a mucous  membrane,  or  on  such,  or  be- 
tween folds  of  the  skin,  etc.  The  seat  of  condylomata  is  chiefly  the  vicinity  of  the 
male  and  female  genitals  (neck  of  the  glans,  fore-skin,  labia  minora,  inner  surface 
of  the  labia  majora)  and  of  the  anus.  According  to  Khan/.  ( L).  Arch.  f.  klia.  Med., 
II.,  p.  7ff),  papillomata  are  induced  as  well  by  the  secretion  of  moist  papillomata 
(fresh  condylomata),  as  also  by  small  portions  of  them  introduced  under  the  prepuce 
or  inoculated  into  the  skin  of  healthy  persons,  which  papillomata  may  in  two  to 
three  weeks  become  as  long  as  1 mm. 

To  this  class  belong  also  the  similar,  but  flat  sessile  tumors  of  the  skin  which  are 
congenital  or  acquired  : parvus,  vn-ruca  sernlia. 

The  transition  of  luxuriant  granulations  into  papillomata  forms  the  fungus-like 
papillary  tumors  (Kobni.u),  frainboutiu  non,  syphilitica  s.  dermatitis  papillomalosa 
(Kohn). 

Hard  papillary  tumors  ok  mucous  membranes  show  manifold  transitions 
into  soft  papillomata.  Their  structure  shows  nothing  worthy  of  note  : their  dense 
granular  appearance  is  dependent  chiefly  upon  the  abundant  pavement  epithelium 
surrounding  their  moderately  vascular  and  moderately  developed  connective-tissue 
body.  They  are  found  in  the  oral  cavity,  on  the  uvula,  in  the  oesophagus,  in  the 
nose,  on  the  vocal  cords,  in  the  male  and  female  urethra,  in  the  vagina,  on  the 
cervix  uteri,  etc.,  and  also  on  mucous  membranes  provided  with  cylindrical  epithe- 
lium, as  the  gall-bladder  and  duets,  milk-ducts — thus  in  parts,  which  in  the  normal 
state  contain  papilla),  as  well  as  in  those  which  normally  have  no  papilla). 

Soft  papillary  tumors,  villous  tumors 
consist  of  tender,  single  or  branched  connective-tissue  bodies,  which 
contain  very  numerous  and  for  the  most  part  wide  capillaries,  and  are 
covered  by  a single  or  multiple,  easily  separable  layer  of  pavement  or 
cylindrical  epithelium.  They  appear  sometimes  as  true  villous  tumors, 
sometimes  as  spherical  or  lobed  or  polypous,  soft  masses  rich  in  blood, 
whose  villous  character  appears  only  after  separation  of  the  epithelial  layer 
uniting  all  the  extremities  of  all  the  villi.  Their  seat  is  mostly  the  other- 
wise  normal  (only  penetrated  by  dilated  vessels)  mucous  membrane.  Villous 
tumors  occur  in  the  urinary  bladder,  in  the  vagina,  especially  in  the 
vaginal  portion  (so-called  cauliflower  growths),  in  the  stomach  and  intes- 
tines, especially  the  colon,  rarely  on  the  internal  surface  of  the  dura  mater 
and  on  the  pia  mater  and  arachnoid.  They  give  rise,  according  to  locality, 
sometimes  to  pressure,  sometimes  to  contraction  of  the  affected  parts,  but 
especially  to  haemorrhages,  and  not  infrequently  are  followed  by  a fatal 
termination. 


II.  NE  W-FORMAT ION  OF  ENDOTHELIUM. 

Ills,  Die  Haute  u.  Hidden  dee  mensehl.  harpers.,  1865. — Eindfleisch,  Virch. 
Arch  ',  1802  XXIII.,  p.  52  5 ; Lehrb.,  p.  201. — The  numerous  and  more  recent  works 
on  connective  tissue  and  lymphatic  vessels. 

Endothelium  forms  either  the  internal  surface  of  saccular  or  tube-like 
expansions  of  connective  tissue;  or  it  lies  between  the  bundles  of  looser 
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connective  tissue.  In  the  former  locality  it  is  represented  by  a connected 
single  layer  of  flattened  (poor  in  protoplasm),  rarely  rounded,  for  the  most 
part  5—6  sided  cells.  To  these  belong  serous  sacks,  articular  capsules, 
mucous  bursa),  also  the  endocardium,  blood-  and  lymph-vessels,  the  wall  oi 
the  blood- and  lymph-capillaries.  In  the  last  the  endothelia  are  the  former- 
ly described  fixed  connective  tissue  corpuscles.  Endothelium  has  its  origin 
neither  from  the  external  nor  from  the  internal  germ-layer,  like  true  epi- 
thelium, but  like  all  connective  tissue  and  vessel-elements  from  the  middle 
germ-layer. 

According  to  the  experimental  and  pathologico-anotomical  observations  of  Krjt- 
l)RAT  and  Dcrante  (8.  p.  230),  as  well  as  of  Walukyer(  Virch.  Arch.,  XL.,  p 679), 
the  endothelium  of  the  vessels  and  serous  membranes  may,  during  a state  of  irrita- 
tion, send  out  fibrillar  processes  which  coalesce  with  one  another. 

A new-formation  of  endothelium  occurs  in  form  of  regeneration,  hyper- 
trophy and  tumor,  it  affects  either  only  endothelium,  or  at  the  same  time 
the  subjacent  connective  tissue. 

A.  Regenerations  of  endothelium. 

These  occur  partially  in  most  cases  very  often,  partly  after  wounds,  partly 
after  inflammations,  etc.,  perhaps  as  a physiological  process.  The  more 
immediate  histological  conditions  are  unknown. 

B.  Hypertrophies  of  endothelium. 

These  occur  rarely  pure,  almost  always  with  those  of  me  suojaceut  con- 
nective tissue. 

1’l'KE  endothelial  hypertrophies  are  sometimes  found  in  hypertrophies  of 
the  skin,  etc.,  in  the  lumen  of  normally  wide  or  dilated,  old  or  new-formed 
lymph- vessels.  (See  pp.  3S3  and  392.) 

Hypertrophies  of  serous  and  synovial  membranes  occur  sometimes 
alone,  sometimes  simultaneously  with  inflammation  (with  so-called  fibrinous 
exudation).  They  are  represented  either  as  milky  or  tendinous  spots,  and 
are  then  for  the  most  part  poor  in  vessels.  Or  they  have  the  form  of  fila- 
ments, strings,  membranes,  etc.,  which  consist  of  the  same  substance  as  the 
serous  membranes  themselves,  and  almost  always  of  abundant  bloodvessels 
(sometimes  even  lymphatic  vessels  and  nerves).  They  occupy  sometimes 
only  one  layer  of  a serous  membrane,  sometimes  both,  with  consecutive 
growth  of  the  same:  so-called  pseudo-membranes,  adhesions,  synechia-:. 
(See  p.  -i  0.)  The  growth  of  serous  sacs  diminishes  the  free  movableness  of 
tin*  iiHretod  organ,  which  for  the  most  part  in  followed  by  diminished  func- 
tion  ; those  of  the  joints  furnish  the  conditions  of  so-called  ANCHYLOSIS. 

1 he  hyperplastic  development  of  connective  tissue  in  continued  dropsical  effusions 
proceeds  in  part  from  a moderate  increase  of  thickness  of  the  serous  membrane,  but 
esis-cinlly  from  another  character  of  their  fibres;  the  latter  are  stiffer.  less  distensible, 
l<-v<  atleoted  by  chemical  reagents,  with  unequally  increased  refraction  of  light  (so- 
ciilh-d  m LEROSI8:  \ IKCHOW).  For  the  latter  reason  thev  have  a milk-white  color. 
(ltiNDKLElscn,  Lehrbuch,  1 Ed.,  p.  218.) 

Hypertrophies  of  the  endocardium  (and  of  the  valves  of  the  heart), 
ok  the  i nt ima  of  the  arteries,  rarely  of  the  veins,  have  for  the  most  part 
the  form  of  tcndon-like  deposits,  rarely  and  only  in  the  two  former  localities 
that  ot  papillary  excrescences.  In  the  former  form  they  constitute  the  most 
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essential  change  in  the  so-called  deposit-process  of  arteries,  and,  after  the 
appearance  of  fatty  and  chalky  metamorphosis,  etc.,  the  so-called  atheromat- 
ous process. 

Many  so-called  valvular  diseases  of  the  heart  arise  without  any  inflammatory  phe- 
nomena ; perhaps  they  depend  upon  a hypertrophy  of  the  connective  tissue  of  the 
valves  with  consecutive  cicatricial  retraction. 

The  histological  conditions  of  all  these  hypertrophies  are  essentially  the 
same  as  hypertrophic  formation  of  common  connective  tissue,  but  are  not 
yet  exactly  known.  Also  cicatricial  contraction  not  infrequently  occurs, 
and  in  the  valves  of  the  heart  is  especially  important. 

Consult  Hum.,  Ber.  <1  Bayr.  Acnd.,  1863,  II.,  p.  59.— Rindfleiscii,  1.  c. — La.no- 
iians,  Virck.  Arch.,  XXXVI.,  p.  187. 

According  to  Thau  HE  (-Hkrtkl,  Berl.  klin.  Wchtchr. , 1871,  No.  30-32),  arterio- 
sclerosis depends  upon  a migration  of  colorless  blood-corpuscles  through  the  eudothe- 
lium  into  the  spaces  between  the  striped  lamellae  of  the  ultima,  and  upon  a metamor- 
phosis of  these  into  spindle-shaped  and  stellate  cells. 

Many  hypertrophies  of  the  endothelium  and  subjacent  textures  are  repre- 
sented as  so-called  dendritic  vegetations,  as  for  the  most  part  small, 
hard,  filamentous  or  villous  formations,  usually  poor  in  vessels.  They  occur 
as  the  known  arachnoidal  tufts  or  Pacchionian  granulations;  also  in  serous 
membranes,  especially  the  pleura,  in  joints,  on  t he  semilunar  valves  of  the 
aorta  and  pulmonary  artery.  Most  of  the  free  bodies  of  the  cavities  of 
joints  and  the  vaginal  tunic  of  the  testicle  are  in  organic  connection  with 
those  of  the  serous  membranes,  until  this  connection  is  finally  dissolved. 

C.  As  TUMOR-LIKE  NEW-FORMATIONS  OK  ENDOTHELIUM  (if  we  exclude 
thoso  of  the  vessels  and  vegetations)  may  be  regarded  many  so-called 
anomalous  mucous  bursa?  over  the  projections  of  the  spine,  amputation- 
stumps,  club  feet,  old  luxations,  etc.  Also  to  this  class  belong  many  sarco- 
mata and  carcinomata,  which  arise  from  a growth  of  the  endothelium  of 
the  lymphatic  vessels. 

According  to  Boll  {Arch.  f.  micr.  Aunt..  1871.  VII.,  p.  275),  all,  even  the  smallest 
clefts  of  connective  tissue,  are  lined  by  endothelial  Hat  cells,  and  form,  so  to  speak, 
the  smallest  serous  spaces.  This  explains  the  formation  of  accidental  mucous  bursa? 
and  serous  cysts  in  connective  tissue. 

Concerning  the  origin  of  accidental  mucous  bursae,  see  Virchow,  Qesehw.,  L.,  p. 
194. 


III.  NEW-FORMATION  OF  NEUROGLIA. 

Virchow,  Ztschr.  f.  P*ycli.,  1846,  p.  242;  Gcj.  Abh .,  pp.  688  et  887  ; Arch..  III., 
p.  245;  V. , p.  592;  VI..  p.  130;  VIII.,  p.  540;  Dir  krankh.  GenchicuMc,  II.,  p. 

12:{. Observations  by  Wek  kert,  SchOppel,  and  others.— Consult  also  the  works 

of  Bidder  and  Kupfer,  Stilling,  Lenhosskk,  Jacxibowitscii,  Goll,  Fhommann, 
Frey,  Deiters,  Gerlacii,  Mkynekt,  Boll,  and  others. 

Neuroglia,  nerve-cement  is  the  connective-tissue-like  substance,  which 
in  the  brain,  spinal  cord,  and  in  the  nerves  of  higher  sense  forms  a for  the 
most  part  very  delicate  net-work,  in  the  spaces  of  which  lie  the  nerve-fibres 
and  ganglion-cells.  This  is  according  to  the  locality  sometimes  denser, 
resemblin'*  a nucleated  connective  tissue  net-work  (thus  in  the  ependyma  of 
the  ventricles  of  the  brain) ; but  sometimes  and  most  frequently  it  is  so  soft 
that  it  appears  entirely  amorphous  or  finely  granular.  In  the  latter  case 
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there  lies  in  a for  the  most  part  very  scanty  basis  substance,  exhibited  only 
by  hardening  in  alcohol,  etc.,  a very  fine  net-work,  rounded  or  spindle- 
shaped  or  branched  cellular  parts,  which,  however,  are  so  brittle  that  they 
for  the  most  part  appear  only  as  nuclei. 

The  new- formation  OF  NEUROGLIA  is  diffuse  as  hypertrophy,  and  occurs 
in  form  of  tumor.  Its  regeneration  is  not  certainly  known. 

A.  Diffuse  hypertrophy  of  neuroglia. 

This  is  often  found  in  the  ependyma  of  the  ventricles  as  an  uniform  or 
granular  hypertrophy  of  it;  it  is  more  rarely  extended  over  the  whole  braiir 
or  only  over  some  sections  of  the  brain,  as  so-called  cerebral  hypertrophy 
(interstitial  hyperplasia). 

Hypertrophy  of  nenroglia  occurs  from  various,  quite  unknown  causes,  mostly  with 
change  of'the  same.  The  neuroglia  either  increases  simply  in  quantity,  its  character 
is  unchanged  ; or  its  nuclei  are  increased  to  various  extents;  or  it  is  translucent  like 
horn,  grayish -yellow,  like  dull  glass,  stiff;  or,  finally,  it  is  more  or  less  distinctly 
fibrous.  The  nerve-fibres,  the  processes  of  the  ganglion-cells  and  the  cells  them- 
selves. remain  therein  sometimes  normal,  sometimes  they  are  separated  from  one 
another,  deprived  of  their  contents,  etc.  At  the  same  time  granular  cells  often  arise, 
corpora  arnylaeea,  pigment -masses.  The  affection  is  acute,  sub-acute,  and  chronic. 
It  affects  chiefly  the  ependyma,  the  medullary  substance  of  other  portions  of  the 
brain,  the  medulla  oblongata,  the  spinal  coni.  It  is  met  with  in  the  various  forms  of 
so-called  hypertrophy  of  the  brain  and  spinal  coni,  in  so-called  sclerosi  s,  indura- 
tions, and  many  atrophies  of  these ; in  the  parts  of  brain  surrounding  tumors,  also  in 
paraplegia  and  general  paralyses,  especially  in  paralytic  imbecility,  in  many  chronic 
diseases  of  the  mind,  etc.  (Rokitansky,  Lchrb.  d.  path.  Amt.,  II.,  p.  430.) 

B.  Neuroglia-tumor,  glioma. 

This  consists  of  neuroglia  without  participation  of  nervous  elements.  It 
is  found  oft-enewt  in  the  brain,  especially  in  the  medullary  substance  of  the 
posterior  and  anterior  lobes,  as  well  as  on  the  surface  of  the  cerebrum  and 
in  the  ependyma  of  the  ventricles  (here  especially  in  chronic  hydrocephalus). 
It  forms  for  the  most  part  single,  rarely  multiple,  sometimes  small  (espe- 
cially on  the  ependyma),  sometimes  large  (of  the  size  of  the  fist  and  larger) 
tumors,  which  are  usually  not  sharply  defined  ; they  are  mostly  very  soft., 
easily  crushed,  of  an  ap|>earance  like  that  of  the  cerebral  medulla,  more 
rarely  of  a reddish  color;  they  are  rarely  (especially  on  the  ependyma) 
throughout  solid  or  only  in  the  centre,  even  as  hard  as  cartilage,  without 
vessels.  These  distinctions  dej>end  upon  the  relation  of  the  cellular  ele- 
ments to  the  intermediate  substance,  as  well  as  upon  the  vascularity : 
soft,  rich  in  cells,  medullary — hard,  fibrous — tei.eanoie  tatic  glioma. 

The  microscope  shows  the  characters  of  normal  neuroglia;  besides  these 
often  occur,  especially  around  the  vessels,  long,  fibre-like  cells,  as  well  as 
(in  the  ependyma)  corpora  arnylaeea. 

Cerebral  gliomata  never  extend  to  the  cerebral  meninges.  They  are  some- 
times congenital,  sometimes  the  result  of  injuries. 

The  first  growth  of  cerebral  glioma  is  mostly  slow  and  without  symptoms.  Also 
its  farther  course  is  mostly  slow,  except  with  increased  vascularization  The  conse- 
quences of  cerebral  glioma  are.  besides  those  common  to  every  other  tumor : conges- 
tions with  symptoms  of  cerebral  pressure  or  cerebral  irritation ; apoplectic  phenomena ; 
dropsy  of  tin*  cerebral  ventricles  (in  consequence  of  pressure  on  the  veins). 

The  metamorphoses  of  glioma  are  : haemorrhages ; fatty  metamorphosis  of  cells, 
whereby  sometimes  cavities,  like  foci  of  yellow  cerebral  softening,  sometimes  cystoid 
spaces  arise  ; ossification.  Healing  is  perhaps  possible  through  fatty  degeneration. 

Gliomata  show  in  part  combinations  with  other  aew-formations,  especially  sar- 
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coma  and  myxoma;  in  part  transitions  to  myxoma  (myxo-glioma),  to  fibroma 
(fibro-glioma),  to  partial  scleroses  of  the  cerebral  substance  (Robin’s  scleroma). 
Their  external  appearance  may,  according  to  the  kind  of  glioma,  bear  a similarity  to 
acute  encephalitis  (red  softening  of  the  brain),  to  simple  cerebral  hannorrhages,  to 
yellow  softening,  to  sarcoma,  tubercle,  cancer,  etc. 

To  the  gliomata  belong,  according  to  ViRCitow  (Die  krkh.  Qesohw. , II.,  p.  1.48), 
perhaps  also : the  so-called  hyperplasias  of  the  pineal  gland ; the  partial  hyperplasias 
of  the  medullary  substance  of  the  supra- renal  capsules  ; some  congenital  sacral  tumors ; 
some  tumors  of  the  nerves  of  higher  sense,  especially  of  the  auditory ; some  tumors 
of  the  retina,  but  which  afford  in  part  transitions  to  sarcoma  and  medullary  fungus ; 
some  so-called  medullary  tumors  of  the  kidneys,  which  occur  sometimes  with  inter- 
stitial nephritis. 


IV.  NEW-FORMATION  OF  FATTY  TISSUE. 

We  in  mann,  De  steatomnt .,  Mainz.  1817. — Forster,  Virch.  Arch.,  1857,  XII.,  p. 
11)7. — Fi'rstknhkrg,  Die  FettgexchwuMe  dcr  Thieve , etc.,  1851. — Virchow,  Arch. , 
1855,  VIII.,  p.  637;  XI.,  p.  281 ; Die  krkh.  Geschw .,  I.,  p.  304.—  Czajkwicz,  Arch, 
f.  Anat .,  J'ht/x. , etc. , 1800,  p.  281). — Fi.kmmino,  Arch.  f.  micr.  Aruit. , 1870,  VII.,  p. 
H2. — Toi.dt,  Wien.  acad.  Sitagsber. , Juli,  1870.  — Vorr,  Z.  f.  Hid.,  1860,  II.,  pp.  0, 
181),  et  307. — Hofmann,  lb.,  1872,  VIII.,  p.  153. — Tomsa,  Arch.  f.  Dermal.  u.Sgph ., 
1873,  V.,  p.  1. 

New-formed  fatty  tissue  is,  like  normal  fatty  tissue,  represented  by 
connective  tissue,  whose  corpuscles  are  transformed,  by  the  taking  up  of  fat, 
into  large,  round,  spherical  cells.  New-formed  fatty  tissue  proceeds  only  from 
fatty  or  connective  tissue  (or  from  mucous  tissue).  It  consists  of  a vascular 
framework  of  connective  tissue,  poor  in  connective-tissue  corpuscles  and 
elastic  fibres,  which,  as  in  normal  fatty  tissue,  forms  lobules  or  Ls  clustered, 
and  of  the  therein  stored  fat-cells. 

According  to  Ranvikr  ( Compt.  rend..  10th  July,  1871).  fat-cells  are,  by  injection 
of  acidulated  solution  of  nitrate  of  silver  (1  : 10(H))  into  the  subcutaneous  fat-tissue, 
divided  into  three  parts:  an  enveloping  membrane,  a thin  protoplasma-layer  with 
lenticular  nucleus,  lying  immediately  against  the  membrane,  the  central  fat-drop. 
By  imagining  the  latter  absent,  there  is  left  a flat  cell  similar  to  common  connective- 
tissue  cells. 

New-formation  of  fat-cells  rarely  takes  place  by  division  of  the  original 
fat-cells,  but  from  the  original  or  by  division  of  the  multiplied  corpuscles  of 
connective  or  mucous  tissue,  by  absorption  of  fat.  New  formed  fat-cells 
are,  like  those  of  young  individuals,  at  first  small;  later  they  become  larger, 
like  normal  fat-cells;  at  the  same  time  the  old  fat-cells  are  almost  always 
greatly  enlarged.  New-formation  of  connective  tissue  and  vessels  follows 
in  the  usual  manner. 

The  mode  hv  which  fat  enters  the  cells  has  been  exposed  by  Flemming  as  follows. 
The  fat  or  fat-furnishing  material  circulates  in  the  blood  in  the  form  of  a dissolved 
compound,  and  transudes  also  in  this  form.  If  the  solution  leaves  the  vessel,  it  be- 
comes decomposed,  and  fat  is  precipitated  : thus  free  fat-drops  in  the  tissue.  Where 
a cell-body  is  saturated  by  the  solution,  fat  is  precipitated  in  it.  perhaps  with  especial 
energv,  and  where  this  continues  there  is  formed  a fat-cell.  The  fixed  cells  of  the 
adventitia  of  the  vessels  and  the  fat-cells  there  to  be  found,  accidentally  also  some 
migratory  cells,  are  at  first  continuously  bathed  in  this  solution.  That,  the  fat  deposit 
always  occurs  only  in  small  areas,  is  probably  due  to  local  dilatations  of  vessels : from 
these  transudation  is  greater  than  from  narrower  vessels,  on  account  of  the  retarda- 
tion of  the  current  in  the  former.  This  view  is  favored  also  by  the  relatively  large 
number,  and  the  almost  constant  occurrence  of  migratory  cells  in  the  vicinity  of  the 
fat-forming  areas. 

New- formation  of  fat-tissue  is  often  observed,  and  in  various  forms. 
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A.  Regeneration  of  fatty  tissue 

occurs  with  extraordinary  frwjucncy.  It  consists  in  the  uew-fonnation  of 
all  its  elements.  This  has  not  yet  been  especially  demonstrated,  but  with 
great  probability  is  conjectured  from  the  external  condition  of  cicatrices 
of  fatty  parts.  It  is,  however,  at  all  events  only  slight. 

Or,  regeneration  affects  only  the  fat,  while  the  remaining  elements  (cell- 
membrane,  with  nucleus,  connective  tissue,  and  vessels)  are  preserved.  This 
occurs  after  common  acute  or  chronic  emaciations,  in  the  subcutaneous, 
etc.,  fatty  tissue,  as  well  as  in  the  cavities  of  the  body  and  fat-containing 
marrow  of  bones.  In  these  cases  the  cells,  simply  atrophic  or  filled  with 
serum,  are  again  filled  with  fat.  If  in  the  meanwhile  the  connective  tissue 
also  is  metamorphosed  into  mucous  tissue,  the  latter  again  becomes  fibrous. 

B.  Hypertrophy  of  fatty  tissue 

is  sometimes  circumscribed,  representing  gradual  transitions  to  fatty  tumor, 
sometimes  generally  distributed  over  the  whole  body. 

a.  Circumscribed,  non-tumorocs  hypertrophy  of  fatty  tissue, 
occurs  most  often  as  a secondary  process  in  the  vicinity  of  and  within  atro- 
phic organs,  e,g.,  on  one  or  both  kidneys  (in  atrophy  after  pyelitis,  in  so- 
called  granular  atrophy);  in  the  medulla  of  bones,  where  it  forms  to  a certain 
extent  the  normal  process  of  age,  and  also  in  bones  not  at  all  or  little  used  ; 
in  the  muscles  of  one  or  more  members,  as  so-called  muscular  hypertrophy 
{lipotnatox'ui  musculorum  progressiva). 

In  bones,  atrophy  of  the  bone-tissue  is  always  the  primary,  fat-increase  the  secon- 
dary affection.  In  very  rare  cast's  there  occurs  a pathological  so-called  hypertrophy 
of  the  muscles  of  the  extremities  with  diminished  function.  This  depends  only  upon 
a diffuse  new-formation  of  fatty  tissue  between  the  muscle-elements,  with  gradual  de- 
struction of  the  latter.  (Oriesixokr.  Arch.  <1.  Heilk..  18tW,  VI..  p.  1. — Seidel, 
Do  Atruphui  muse.  Upon.,  18J7. — Babth,  Arch.  <1  Ueilk.,  1871,  XII..  p.  121  ) 

According  to  Knoll  i <krtr.  Jtihrb.,  1K72,  p.  1),  lipoma  tons  muscular  atrophy  con- 
sists in  considerable  fatty  or  connective-tissue  growth  of  the  interstitial  muscular 
tissue,  in  hypertrophy  of  single,  and  in  simple,  fatty,  etc.,  atrophy  of  many  inuscle- 
fibres.  With  DuciIKNNE,  Knoll  calls  the  disease  pseudo- hypertrophic  paralysis. 

These  cases  form  the  transition  from  fatty  tissue  hypertrophy  to  fatty 
tumor,  where  tin'  fat  around  an  organ  increases  and  thereby  forms  a 
tumor,  which  appears  to  belong  to  the  organ  as  such  : lipoma  uapsi  lake. 
Examples  are  afforded  by  the  intra-orbital  fat-tissue,  fat  in  the  vicinity  of 
the  pericardium,  kidneys,  especially  in  atrophy  of  the  latter,  fatty  tissue 
hypertrophy  of  the  normal,  or  enlarged,  or  atrophic  (by  infiamuiation  or 
Boirrbus)  female  mamma,  similar  hypertrophy  in  lymph  glands;  also  fatty-tis- 
sue hypertrophy  of  the  omentum  in  a hernial  sac  (omental  lipoma),  the  same 
in  the  course  of  hernial  sacs,  hut  without  the  presence  of  a hernia,  hypertro- 
phy (so-called  hernia  lipomatosa),  as  well  as  fatty-tissue  growth  in  the  vi- 
cinity of  a hernial  sac  [lipoma,  hemuutum  capsulare). 


Fatty  hernia  (liparocclo.  hernia  adiposn)  is  a circumscribed  fatty  tumor,  for  the  most 
part  enveloped  by  u membrane,  which  by  its  locality,  mode,  of  origin,  etc.,  resembles 
intestinal  hernia,  and  proceeds  either  from  the  sub-peritoneal  connective  tissue  or  is 
immediately  connected  by  a jiedicle  with  the  peritoneum,  and  is  usually  pressed 
through  one  of  the  known  hernial  openings,  most  frequently  through  the  linea  alba. 
Fatty  hem i in  have  their  origin  either  from  the  metamorphosis  of  a primary  hernial 
say  or  they  are  not  connected  with  it,  but  in  form  aud  character  resemble  a hernia, 
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or  they  are  the  cause  of  the  secondarily  formed  protrusion  of  the  peritoneum. 
(Werniier,  Virch.  Arch.,  1801),  XLVU.,  p.  178.) 

b.  Obesity,  pimelosis,  polysarcia,  lipomatosis  universalis. 

The  causes  of  obesity  are  partly  predisposing,  partly  exciting. 

Among  tlie  predisposing  causes  the  most  important  is  hereditary  dispo- 
sition : it  is  manifested  sometimes  already  in  the  earliest  years  of  life, 
sometimes  after  the  twentieth,  most  frequently  about  the  fortieth  year. 
The  determining  causes  are,  on  the  one  hand,  increased  supply  of  nutritive 
material,  especially  with  a preponderance  of  vegetable  and  fatty  food,  often 
at  the  same  time  with  the  free  use  of  spirituous  liquors  ; on  the  other  hand, 
lessened  consumption  of  the  body  (bodily  rest,  phlegmatic  temperament). 

The  determination  of  the  causes  of  obesity,  since  these  as  so-called  fattening  are 
physiologically  and  agriculturally  important,  has  during  the  last  ten  years  called 
forth  many  works.  This  began  with  Liebig’s  demonstration  that  in  the  feed  of 
cows,  geese,  etc.,  there  was  not  enough  fat  to  furnish  that  secreted  with  the 
milk  or  the  fat  which  had  been  deposited  That  a food  abundant  in  fat,  whether 
the  source  of  the  fat  is  animal  or  vegetable,  induces  obesity,  is  firmly  established : 
and  yet  the  more  immediate  conditions  are  still  not  entirely  and  with  certainty 
known.  According  to  many  (Touirr,  Subbotin,  and  others),  a direct  passing  of  fat 
in  an  unchanged  state  out  of  the  intestinal  canal  into  fatty  tissue  does  not  take  place  ; 
but  all  fat  has  its  origin  from  the  albumen  consumed.  For,  since  the  blood  never 
takes  up  a considerable  quantity  of  fat,  Aim  the  fat  taken  up  from  the  intestine  must 
always  be  consumed  ; the  excreted  carbonic  acid  must  then  correspondingly  rise  and 
fall  with  the  amount  of  fat  in  the  food.  But  Radziejewsky’s  observation,  that 
none  or  only  a trace  of  foreign  fats,  not  occurring  in  the  organism,  is  deposited,  if 
even  the  feeding  had  been  continued  for  a long  time,  cannot  be  extended  to  the  fats 
commonly  found  in  animal  bodies.  A certain  quantity  of  the  latter  remains  in  the 
body,  dependent  upon  the  size  of  the  daily  supply  and  the  consumption  during  rest 
or  work.  Thus  the  fat  of  the  food  contributes  to  the  fatty  state  of  the  animal  or- 
ganism (HOFMANN).  Besides,  fat  reduces  the  consumption  of  albumen  and  limits 
the  taking  up  of  oxygen. 

It  is  farther  established,  that  the  surplus  of  animal  and  vegetable  albuminates 
taken  up  leads  to  fat-formation  (Hoppe,  Pettenkofeii-Voit.  Kkmmeiucu,  Subbo- 
tin, Hofmann).  This  probably  occurs  by  their  being  divided  into  non-nitrogenous 
(fat,  sugar)  and  into  nitrogenous  complex  atoms ; the  latter  are  converted  into  urea, 
etc.,  especially  in  the  urine,  while  the  former  partly  are  oxidized  to  become  carbonic 
acid  and  water,  partly — on  account  of  the  want,  of  oxygen — remain  as  fat  in  the  body. 
Proofs  for  this  fat-formation  are  furnished  by  fattened  animals  and  milking  cows ; 
the  fat  and  albumen  of  the  nutriment  supplied  is  not  sufficient  to  afford  the  fat,  or 
milk.  (See  also  p.  801.) 

Physiological  and  chemical  proofs  of  the  formation  of  fat  from  the  hydro-carbons 
(Liebig)  are  wanting.  Sugar,  starch,  etc.,  are,  however,  indirectly  important  with 
respect  to  the  formation  of  fat,  whilst  they  oxidize  more  easily  than  fat,  and  thereby 
the  fats  formed  from  the  albuminates  are  protected  from  decomposition  (Petten- 
KOFEU-YOIT),  whilst  in  the  working  animal  they  are  oxidized,  and  thereby  furnish 
the  increased  warmth  given  off  during  work. 

Fat  in  obesity  increases  first  in  all  parts  where  fatty  tissue  is  found  nor- 
mally : most  abundant  in  the  subcutaneous  tissue,  especially  of  the  abdomi- 
nal region,  in  the  omentum,  mesentery,  about  the  kidneys,  in  the  pericar- 
dium, etc.  Only  later  are  fat-deposits  also  found  in  those  parts  where 
little  or  almost  no  fat  is  found:  between  the  muscles  and  muscle- bundles, 
under  the  endocardium,  etc.  Many  of  these  places  show  never  or  only  in 
very  slight  degrees  an  increase  of  fat : thus  the  eyelids,  the  skiu  of  the 
external  ear,  penis,  scrotum.  Of  the  glandular  organs  proper  the  liver 
often,  sometimes  the  kidneys  are  infiltrated  with  fat.  1 lie  new-formed  fatty 
tissue  effects  the  known  changes  of  external  form,  and  an  increase  of  bodily 
weight  to  100  and  150  kilo.,  in  some  cases  to  double  of  the  weight. 
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The  PHYSIOLOGY  of  obesity  is  still  in  many  ways  obscure.  In  a fat  man  the  current 
of  the  nutritive  liquid  and  the  quantity  of  blood  is  less ; he  takes  up,  on  this  account, 
less  oxygen  than  a leaner  person,  and  consumes  less  albumen,  fats,  and  hydro-carbons. 
He  thus  needs  for  the  retention  of  his  size  of  hotly  disproportionately  less  of  these 
substances,  and  increases  with  a certain  supply,  when  the  leauer  man  decreases. 
Albumen  and  fat  are  not  assimilated  in  the  animal  in  proportionate  quantities.  In 
very  adipose  organisms  the  quantity  of  albumen  to  a high  degree  retrogrades.  In 
them  it  happens  that  the  store  of  albumen  necessary  for  life  sooner  reaches  its  lower 
limit,  and  the  animal  dies  from  a want  of  albumen,  while  fat  is  still  found  in  the  body 
in  massive  quantities.  In  diseases,  especially  if  they  are  attended  by  an  increased 
transformation  of  albumen,  these  very  fat  persons  resist  for  a much  shorter  time  the 
consequences  of  diminished  or  lost  appetite  (albumen-inanition)  than  those  who  are 
leaner  and  have  more  abundant  albumen,  and  often  die  without  a sufficient  ex- 
planation of  death  from  the  pathological  appearances.  vVoiT,  1.  c. — Hofmann,  L c. ) 

According  to  ToLDT  (I.  c. ),  the  fatty  tissue  of  vertebrate  animals  is  an  orgau  of  pecu- 
liar kind,  and  can  neither  by  development,  nor  bv  histological  behavior,  nor  by  func- 
tion be  ascribed  to  connective  tissue.  This  is  taught  partly  by  comparative  anatomy, 
partly  by  the  independence  of  the  system  of  bloodvessels  supplying  fatty  tissue,  partly 
by  the  constant  freedom  of  many  parts  of  the  body  from  fatty  tissue  development, 
partly  by  the  persistence  of  the  protoplasm  in  the  fat-cell,  even  in  the  greatest  depo- 
sition of  fat.  According  to  T.,  the  protoplasm  of  fat-oells  has  the  capacity,  under  the 
influence  of  n more  abundant  supply  of  fat.  to  prepare  in  the  same  manner  as  gland- 
cells  prepare  their  secretion  ; and  vice  v»r»t.  if  the  consumption  exceeds  the  supply  in 
oxidizablc  substances,  the  fat-cell  again  consumes  the  fat  contained  in  it.  and  allows 
the  resulting  products  of  metamorphosis  to  enter  the  blood.  T.  saw  in  many  fatty- 
tissue  cells  poor  in  fat,  removed  from  the  frog  during  the  spring,  distinct  amoeboid 
movements. 

The  histology  and  development  of  fat  in  obesity  have  been  made  better  known 
by  the  works  of  Flemming.  According  to  F.,  fat-cells  uniformly  arise  in  fattened 
animals,  nurslings,  and  embryos  under  the  skin,  in  the  mesentery,  etc.,  from  fixed 
connective-tissue  cells.  The  fat-cell  deposit  takes  place  always  in  or  closely  upon  the 
adventitia  of  already  formed  small  bloodvessels  (arteries,  veins,  and  capillaries  grow- 
ing out  from  these) ; according  to  F.'s  later  accounts,  also  sometimes  in  cells  which 
still  belong  to  the  vessel-wall  and  then  are  exfoliated  from  it.  The  fat-deposit  takes 
place  only  in  separate  foci,  i. t. , from  isolated  vessels.  The  fat  accumulates  almost 
always  in  the  protoplasmic  middle  portion  of  the  fixed  cells ; their  surface  is  con- 
tracted in  extent  by  the  fat,  and  their  processes  seem  to  disappear.  Besides  fat- 
drops  there  are  found  for  the  most  part  only  one,  but  sometimes  also  two  and  even 
three  celi-nuclei  (division-forms  of  connective-tissue  corpuscles).  The  appearance 
of  fat  in  round  and  free  cells  (wandering  cells;  has  been  only  occasionally  ob- 
served. Transition-forms  of  these  to  fixed  cells  sire  doubtful.  On  the  other  hand, 
finely  granular  fat  regularly  occurs  free  in  the  tissue.  F.  assumes  a specific  develop- 
ment of  fatty  tissue  from  mucous  tissue  only  in  so  far  as  the  connective  tissue  of  the 
embryo,  containing  mucin  and  rich  in  liquid  and  cells,  is  called  mucous  tissue. 


The  consequences  of  obesity  consist  in  many  cases  in  an  undisturbed 
state  of  health,  while  later  and  especially  during  the  operations  of  other 
causes,  there  appear  diminished  capacity  of  movement  of  the  voluntary 
muscles,  diminished  activity  of  the.  apparatuses  of  circulation  and  respi- 
ration, not  infrequently  also  of  that  of  digestion.  Only  during  the  further 
progress  hero  occurs,  through  disease  of  the  vessels,  various  disturbances 
ol  the  brain,  through  those  of  the  kidneys  corresponding  disturbances  of 
the  urinary  apparatus.  Sexual  activity  is  for  the  most  part  diminished. 
Resistance  to  causes  of  disease,  and  in  diseases  themselves,  is  less  (see  j>.  54). 


C.  Fatty  tumor,  lipoma, 

is  for  the  most  part  sharply  circumscribed,  rarely  diffuse.  In  the  former 
case  it  forms  a tumor  varying  in  size,  not  infrequently  voluminous,  mostly 
hemispherical,  flattened  in  parts  subjected  to  pressure,  and  projecting,  like 
polypi,  on  free  surfaces  (skin,  gastric  and  intestinal  mucous  membranes, 
joints),  and  which  is  distinguished  from  tiic  surrounding  structures  by  a 
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distinct  capsule.  The  surface  of  the  tumor  is  regular  or  variously  lobed. 
'I  he  cut  surface  shows  fatty  tissue,  which  is  for  the  most  part  distinguished 
from  normal  tatty  tissue  oidy  by  the  considerable  size  of  the  fat-cells,  and  is 
separated  by  vascular  connective-tissue  planes  into  divisions  or  lobes,  vary- 
ing in  size,  rounded  or  angular.  Sometimes  the  fatty  tissue  is  firmer  than 
normal,  which  depends  only  upon  a more  abundant  development  of  connec- 
tive tissue:  fibrous  or  hard  lipoma,  so-called  steatoma.  At  other  times 
the  fat  preponderates  over  the  other  elements:  soft  lipoma.  In  rare  cases 
the  vessels  are  very  greatly  developed:  lip.  teleangiectodes. 

Lipoma  occurs  often.  It  is  by  far  most  frequent  in  the  fatty  subcutane- 
ous cellular  tissue,  covered  by  relaxed  skin  (especially  in  the  gluteal  region, 
on  the  back,  neck,  axilla,  anterior  wall  of  the  thorax,  thigh),  much  more 
rare  in  parts  wanting  in  fat,  in  intermuscular  tissue  and  in  fascia,  not  infre- 
quent also  on  the  inner  surface  of  the  joints,  and  in  internal  parts  likewise 
containing  fat-cells  (greater  omentum,  mesentery,  peritoneum,  costal  pleura, 
endocardium,  lymph-glands,  sub-mucous  tissue,  especially  of  the  stomach 
and  small  intestines,  rarely  at  the  root  of  the  tongue)  ; rarely  in  organs 
wanting  in  fat  (cerebral  meninges,  lungs,  liver,  kidneys,  etc.);  in  pseudo- 
membranes of  the  lungs. 

Lipoma  is  mostly  single,  in  rare  cases  multiple,  never  in  the  form  of  me- 
tastatic tumor. 

FouCHEU  ( Gas.  des  hop.,  1803,  No.  122)  saw  in  a man,  thirty-eight  years  old,  four 
lipomata  in  the  region  of  the  neck,  one  on  each  side  of  the  thyroid  gland,  one  on  the 
right,  one  on  the  left  side  in  the  region  of  the  stomach,  two  in  the  lumbar  region, 
two  on  the  boundary  between  the  latter  and  the  sacral  region  ; all  were  perfectly 
symmetrical  with  respect  to  the  two  sides  of  the  body. 

The  GROWTH  of  lipoma  is  slow,  and  is  mostly  central,  rarely  peripheral. 

The  CAUSES  of  lipoma  are  generally  those  which  have  been  given.  Lipo- 
raata  are  rarely  found  in  childhood.  Sometimes  they  are  hereditary. 
They  are  acquired  by  irritations  of  every  kind : in  the  skin,  oftenest  by 
pressure. 

Mixed  forms  or  combinations  with  other  tumors  occur  more  rarely  than 
pure  lipoma:  combinations  with  fibroma,  cellular  tissue  tumor,  myxoma, 
vascular  tumor,  cancer,  cysts. 

Xanthelasma  or  xanthoma  (yitiligoidea,  fibroma  8.  molluscum  lipoma- 
todes)  is  a for  the  most  part  small,  single,  less  prominent,  yellowish  tumor 
of  the  skin,  most  frequently  of  the  eyelids,  rarely  of  mucous  membranes, 
consist  of  fibrous  fatty  tissue  (or  connective  tissue  containing  fat). 

It  AYER,  Truite  des  mal.  dc  la  peau , 183(5;  Atlas,  Tab.  VIII.,  Fig.  16,  ct  Tab. 
XXII.,  Fig.  15. — Ammon,  Klin.  Durst,  d.  Krankh.,  etc.,  d.  menschl.  Auges,  1838-41, 

111.,  Taf.  VI.,  Fig.  1. — Addison  and  Gull,  Gup's  llosp.  Rep.,  1851,  VII.,  2 Ser.,  p. 
2(55;  1852,  VIII.,  1 Ser.,  p.  149. — Addison,  Journ.  of  Cutan.  Med.,  1868.  VII..  p. 
268. — Barenspkuno,  Deutsche  Klin.,  1855,  p.  47. — Pavy,  Gup's  llosp.  Rep.,  1866. 
— IIehra.  Atlas  d.  Ilautkrkh.,  7.  H.,  Taf.  X.— Neumann,  Lehrb.  d.  Hautkrhh.,  1870, 
j).  71. — Wilson,  Oh  Die.  of  the  Skin.,  5th  Ed.,  1863  ; Journ.  of  Cutan.  Mel , 18(57, 

1..  p.  100;  1868,  VI.,  p. ‘212  ; Led.  on  Dermatology,  1871,  p.  105.— Murchison. 
Transact,  of  the  Load.  Path.  Soc..  18(59.  XX..  p.  187. 

According  to  Kaposi-Kohn  ( Wien,  rned,  Woohenschr.,  1872.  No.  8 et  9),  xanthoma 
{xanthelasma,  vitiligoidea)  is  either  in  the  form  of  spots  (diffuse)  or  of  small  knots 
(tuberous).  The  former  forms  irregularly  formed,  sharply  defined,  small  (to  the  size 
of  a dollar)  yellowish  spots  on  the  skin,  which  are  flat  or  in  places  nodular,  and  are 
sometimes  painful.  They  are  found  mostly  in  the  eyelids,  more  rarely  on  the  parts 
bordering  on  these,  on  the  nose,  external  ear.  Nodular  xanthoma  forms  nodules  like 
millet  seeds  or  grains  of  wheat,  whitish  or  yellowish,  isolated  or  in  groups,  projecting 


NEW-FORMATION  OF  ELASTIC  TISSUE. 


403 


not  above  the  skin  or  from  two  to  four  mm.,  which  can  be  secured  with  the  skin  be- 
tween the  fingers.  They  are  found  more  frequently  on  the  cheeks,  external  ear, 
especially  on  the  palm  of  the  hand  along  its  normal  furrow's  and  lines,  on  the  sides  of 
the  phalangeal  joints,  etc. ; also  on  the  mucous  membrane  of  the  lips  and  cheeks, 
nose,  gums  They  are  usually  little,  sometimes  very  sensitive  to  pressure.  Xanthoma 
undergoes  no  farther  change. 

According  to  WalDEYER  ( Virch.  Arch.,  1871,  LII.,  p.  318),  xanthelasma  of  the  eye- 
lids consists  not  in  a diffuse,  but  grouped  considerable  increase  of  the  connective- 
tissue  bodies  about  the  hair-follicles,  sebaceous  glands,  sweat-glands,  vessels  and 
nerves,  in  less  degree  also  between  the  stronger  connective  tissue  trabecula;,  and  in  a 
fatty  degeneration  of  all  these  new-formed  cells.  The  fat  is  ler-s  finely  granular,  but 
easily  coalesces  into  larger  drops.  Likewise  Virchow  ( lb. , p.  504)  and  Manz  i Kl. 
M'lnntM.  f.  Augen/i..  1872,  p.  251).— Geber  and  Simon  {Arch.  f.  Dermat.  u.  Si/ph., 
1872,  IV.,  p.  305)  did  not  in  a case  find  this  structure,  but  (like  Hebra  and  others)  a 
hyperplastic  development  of  sebaceous  gland  cells. 

Hutchinson  ( Transact . of  the,  Med.-Chir.  Sue.,  1872,  LIV.)  has  in  forty  of  his  own 
and  in  seven  other  cases  investigated  the  connection  of  xanthelasma  of  the  eyelids 
with  other  affections  of  the  organism : in  fifteen  there  were  severe,  in  six  lighter 
habitual  pains  in  the  head  ; often  still  other  and  less  frequent  nervous  phenomena  ; 
in  general  extension  of  the  spots  there  were  found  severe  affections  of  the  liver 
(which  had  already  been  noticed  by  Addison). 

The  rare  metamorphoses  of  lipoma  seMom  affect  the  w'hole  tumor,  for  the 
most  part  only  isolated  portions  of  it.  They  are : spontaneous  retrogres- 
sion ; inflammation,  sometimes  with  consecutive  connective-tissue  hyper- 
trophy, more  rarely  with  formation  of  abscess ; softening ; mortar-like  or 
stony  calcification  of  the  connective  tissue;  transformation  into  mucous 
tissue,  especially  in  large  pendent  lipomata,  etc. 

Polypous  lipomata  of  the  skin,  joints,  and  serous  membranes  may  after  atrophy  of 
their  pedicle,  become  free : many  so-called  free  articular  bodies  have  a like  origin. 

V.  SEW- formation  of  elastic  tissue. 

New-formed  elastic  tissue  has  either  the  form  of  common  fine  or 
coarse  elastic  fibres,  wltich  show  rectilinear  borders,  which  are  more  rarely 
dentated,  or  even  provided  with  longer  or  shorter  pointed  processes ; or  it 
has  the  form  of  elastic  membranes.  Elastic  tissue  occurs  rarely  by  itself : 
as  hypertrophy  of  the  elastic  tissue  of  the  superior  tracheal  mucous  mem- 
brane, pulmonary  pleura,  arteries,  never  as  a tumor  proper. 

.-V  now-formation  of  elastic  tissue  is  often  found  simultaneously  with 
new- formation  of  OTHER  tissues,  almost  constantly  with  that  of  connec- 
tive tissue : in  pseudo-membranes  and  adhesions  of  serous  membranes,  in 
some  connective-tissue  hypertrophies,  in  sclerosis  of  the  brain,  in  connec- 
tive-tissue tumors  of  every  kind,  especially  in  fibromata  and  cysts,  in  sarco- 
mata. 

In  scleroderma  Forster  and  Auspitz  found  a moderate,  Arming  a very 
important  increase  of  the  elastic  tissue  of  the  corium,  as  well  as  of  the 
affected  portions  of  the  mucous  membrane.  I saw  a new-formation  of 
abundant  elastic  tissue  in  a peculiar  cerebral  tumor. 

The  genesis  of  elastic  tissue  is  unknown.  According  to  Dohders,  Vir- 
chow and  others,  elastic  fibres  arise  through  growth  ami  union  of  connec- 
tive tissue  corpuscles,  while  H.  MUller,  Henle,  Reichert,  Kollikek  and 
others  assume  that  they  are  formed  by  an  es]>ecial  metamorphosis  of  gela- 
tine-forming  basis  substance  of  connective- tissue  deposits.  According  to 
Hkktwio  (Arch.  f.  mice.  Aunt.,  187 2,  IX.,  p.  80)  the  protoplasm  of  cells 
forms  the  elastic  substance,  just  as  it,  cet. par.,  forms  connective-tissue  fibres. 
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Hie  growth  of  elastic  fibres  once  formed  follows  by  intussusception  into 
the  extra- protoplasmatic  substance. 


1 

VI.  NEW-FORMATION  OF  OSSEOUS  TISSUE. 

Dk  Heide,  Exper.  circa  sanguinis  mmionem,  etc.,  1080. — Dutiamel,  Hist,  de 
I'eicnd.  r.  it.  sc.,  1741-44. — .T  Hunter,  A Treatise  on  the  Blood,  Infiam.,  etc.,  Phila., 
17D0. — Miebciieb,  De  inflammat.  omum,  1800. — Watson,  Edinb.  Jour.,  April, 
1845.— Siiakpey,  Qnetin’s  Aunt.,  5th  Ed.,  II.,  p.  146,  1840.— Kulliker,  Mitth.  d. 
Ziir.  noturf.  Oes.,  1847.  p.  90. — Fi.ouiiens,  Theorie  experiment  de  la  form,  dee  os., 
1847.  — Gerlacii,  Ztschr.  f.  rot.  Med.,  1847,  VI. — Votscii,  Jleilung  tier  Knochen- 
bruche  per  primum  intent.,  1847. — Virchow,  Arch.,  1847,  I.,  p.  100;  V.,  pp.  173  et 
409;  WUrtzl,  Verb.,  II. , p.  150;  Die  kranhh.  Geschw.,  II.,  p.  1. — Syme,  On  the 
Power  of  the  Periosteum  to  Form  New  Pones,  1848. — Stein lin,  Ueb.  d.  Jleilungsjyroc, 
nacli  Resect,  tier  Knochen , 1849. — Hij.ty,  Ztschr.  f.  rut.  Med.,  1850.  III. — H.  Meyer, 
Midin-'*  Arch.,  1849,  p.  292:  Ztseh.  f.  rut.  Med.,  N.  l\,  III.,  p.  140.— A.  Wagner, 
Ueb.  d.  J leilungsproc,  mch  Resect,  und  Exstirp.  d.  Knochen.,  1850. — It.  Maikr,  Das 
Wachsthu/u.  dm-  Knochen  nach  tier  Dicke,  1850. — Hein,  Virch.  Arch.,  1858,  XV.,  p. 
1.— Schweiogeh-Seidkl.  Disguis.  decedlo.,  Hal.,  1858.— Ollier,  Gin.  mill.,  1858. 
Journ.  de  physiol.,  1850-00. — H.  Muller,  Ucber  die  Entwickdung  der  Ktvochensub- 
stanz,  u.  s.  w.,  1858. — Lieberkuiin,  Arch.  f.  Aunt.,  u.  s.  w.,  1800.  p.  824;  1802, 
p.  702. — Volkmann,  Virch.  Arch  . 1802,  XXIV..  p.  512. — Geoenbauer,  Jen. 
Ztschr.,  1800,  p.  1,  III.,  p.  54.— Buciiholz,  Virch.  Arch.,  I860,  XXVI.,  p.  78.— 
Neumann,  Peitr.  z.  K.  des.  uormalen  Zahnbein-  und  Knochengew,  1800  ; Arch.  el. 
J/ei/k..  1870,  XL.  p.  414.— Wolfe,  Arch,  f /din.  Chir.,  I860,  IV.,  p.  180;  Perl, 
klin.  Wschr. , 1809,  No.  40. — Wegner,  Virch.  Arch.,  1872,  LV.,  p.  11. 

New-formed  osseous  tissue  has  on  the  whole  the  same  properties  as  the 
normal  tissue.  I t is  either  compact,  or  spongy,  or  shows  various  transi- 
tions of  consistence.  The  periosteum  is  like  the  common  periosteum  of 
adult  or  young  individuals.  The  same  is  true  of  bone-marrow,  where  this 
is  present.  The  structure  of  new-formed  bone  often  shows  no  deviations 
from  normal  osseous  tissue.  At  other  times  the  basis  substance  is  irregu- 
larly lamellar,  or  fibrous,  or  entirely  homogeneous  ; the  bone-corpuscles  are 
often  irregularly  distributed,  not  infrequently  of  varying  size  and  form, 
but  almost  always  in  varying  degrees  stellate;  the  vessels  are  often  numer- 
ous, Jess  regularly  distributed,  of  varying  diameter. 

There  are  two  kinds  of  compact  osseous  tissue.  The  one  corresponds  to  the  com- 
mon cortical  substance  of  tabular  bones;  it  is  formed  by  the  filling  of  the  medullary 
spaces  with  concentric  lamella?  of  osseous  tissue,  which  proceed  from  progressive 
ossification  of  the  medulla:  osteo-sclerosis.  The  other  corresponds  to  the 
cement-substance  of  teeth ; it  is  fonned  by  deposit  of  parallel  layers  of  osseous 
tissue  upon  the  surface,  which  proceed  immediately  from  the  periosteum  or  sur- 
rounding connective  tissue:  ehurnation.  Sclerosis  is  a secondary,  ebumation  a 
primary  process.  (VlRCilow.) 

Osteoid  tissue  is  a tissue  which  resembles  normal  osseous  tissue  only 
externally,  but  lias  not  its  essential  histological  and  histo-chemical  proper- 
ties: its  basis  substance  is  strongly  refractive,  dense  and  homogeneous,  but 
always  yields  gelatine ; its  corpuscles  are  often  rounded,  provided  with 
very  short  processes;  they  are  either  the  original  connective-tissue  corpus- 
cles, or  their  origin  is  by  division  of  these. 

The  causes  of  osseous  new-forraation  are  for  the  most  part  known  : 
exercise  chiefly,  often  repeated  irritations,  as  at  the  points  of  attachment 
of  muscles  and  tendons  to  bones:  so  called  physiological  hypertrophy; 
congestive  and  collateral  hyper® mia,  as  under  bone-ulcers,  in  the  neighbor- 
hood of  inflamed,  carious,  etc.,  parts;  wounds  of  every  kind;  infiam- 
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mations,  especially  chronic : so-called  ossifying  parostitis,  periostitis,  ostitis 
and  osteo-myelitis  ; inflammations  of  the  joints,  of  the  surrounding  soft 
parts  chiefly,  e.g.,  ossification  of  the  cartilage  affected  in  chronic  inflam- 
mations of  the  mucous  membranes  of  the  air-passages,  pleura? ; old  age. 
Of  the  specific  causes  of  osseous  new  formation  there  are  to  be  mentioned : 
constitutional  syphilis,  as  consequences  of  which  there  arise  thickenings, 
etc.,  of  various  bones,  and  according  to  the  older  clinical,  as  well  as  the 
more  recent  experimental  investigations,  phosphorus.  The  causes  of  puer- 
peral osteophytes,  of  most  bony  tumors,  etc.,  are  unknown. 


Since  the  introduction  of  phosphorus  into  industrial  arc  (especially  the  manu- 
facture of  matches)  there  has  been  known  a peculiar  disease  of  the  lower  jaw 
resulting  finally  in  necrosis,  in  which  there  arises  a simultaneous  formation  of  new 
bone  from  the  periosteum,  which  in  all  essential  points  resembles  the  old.  Wkonkr 
by  experiment  farther  confirmed  the  bone-forming  action  of  phosphorus.  By  the 
direct  local  action  of  phosphorus  vapor  on  the  periosteum  of  the  lower-jaw  as  well 
as  on  that  of  other  bones  in  rabbits  there  may  be  excited  a disease  wholly  analogous 
to  tbe  known  periostitis  of  the  inferior  maxilla,  with  moderate  new-formation  of 
boue  and  necrosis.  As  in  man  the  poison  for  the  most  part  enters  demonstrably 
through  a carious  tooth,  so  also  in  rabbits  is  a wound  of  the  soft-parts  and  periosteum 
necessary.  W.  has  farther  shown,  that  after  the  use  of  minimum  doses  of  phos- 
phorus for  weeks  or  months  in  rabbits,  dogs,  cats,  fowls,  there  is  developed  more 
distinctly  in  growing  than  in  fully-grown  animals,  especially  where  spongy  osseous 
substance  is  developed  physiologically  from  cartilage,  uniform,  compact  bony  masses 
similar  to  the  compact  surface  of  bone.  Their  origin  from  cartilage  is  like  that  of 
normal  bone,  except  that  the  greatest  part  of  the  proliferating  cartilage -cells  is  not 
transformed  into  medullary  cells  but  into  bone-corpuscles.  Finally  the  anomalous 
formed  bony  substance  yields  to  the  same  physiological  wasting  like  the  normal 
bone.  If  the  feeding  of  phosphorus  takes  place  with  intervals  of  abstinence,  then 
there  are  found  proceeding  from  the  intervening  cartilage  alternate  layers  of  con- 
densed compact  and  common  substance  with  broad  meshes.  Essentially  the  same, 
but  inaoroscopically  and  microscopically  not  so  easily  recognizable,  is  the  modifica- 
tion of  periosteal  apposition -processes  in  tubular  as  well  as  in  Hat  bones.  Besides, 
the  compact  substance  formed  before  the  feeding  is  also  sclerosed.  Finally  there 
occurs  with  the  same  circumference  a greater  thickness  of  the  compact  surface  of 
the  diaphysis  at  the  expense  of  the  diameter  of  the  medullary  cavity : the  interior 
compact  surfaces  appear  thus  not  as  completely  resorbod  as  normal.  In  adult 
animals  this  is  much  less  striking,  except  in  hens,  in  which  after  feeding  with  phos- 
phorus for  months  there  appears  a real  closure  of  the  medullary  cavity  by  true  bone 
substance.  Chemical  analysis  shows,  that  bones  of  animals  fed  with  phosphorus 
nearly  resemble  normal  bones  in  composition,  and  that  tbe  former  contain  no  more 
phosphates  than  the  latter.  In  experiments  on  the  development  of  bone  in  frac- 
tures, subperiosteal  resections  and  periosteal  transplantations,  W.  found  by  phos- 
phorus-feeding a more  abundant,  denser  and  more  solid,  probably  also  quicker  devel- 
opment of  bone. 

According  to  M vas  ( Tatjrkl . <1.  Xaturf.-Ycr *.,  1872,  p.  171)  the  action  of  phos- 
phorus is  based  on  the  withdrawal  of  a great  quantity  of  oxygen  from  the  blood  : 
the  same  bone-deposits  are  formed  by  feeding  with  other  means  which  withdraw 
oxygen,  especially  with  the  arsenic  acids,  as  well  as  with  pyrogallic  acid. 

A new-formation  of  osseous  tissue  serves  as  materia)  for  tilling  up  after  diminu- 
tion or  loss  of  the  normal  contents  in  complete  or  incomplete,  uon-reduced  luxations 
especially  of  the  hip-joint,  after  loss  of  the  teeth  iu  the  alveoli,  after  loss  of  the  eye 
in  the  orbit,  iu  senile  atrophy  of  the  brain  as  so-called  internal  osteophyte. 


The  development  of  pathological  osseous  tissue  takes  place  by  far  most 
frequently  from  normal  or  new-formed  connective  tissue,  especially  from  the 
periosteum  and  indeed  from  normal  connective  tissue,  as  well  as  especially 
often  from  hyperannic  and  inflamed  (so-called  periostitis  ossificans),  and 
from  the  bordering  soft  parts  (so-called  parostitis  ossificans).  Much  more 
rarely  does  it  arise  from  cartilaginous  tissue.  Perhaps  it  is  formed  some- 
times also  immediately,  without  preceding  formation  of  connective  tissue  or 
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cartilage,  from  a soft  very  cellular  tissue.  It  probably  arises  very  rarely 
irom  pure  osseous  tissue;  and  yet  accurate  investigation  is  still  wanting. 

According  to  Bii,i,rotii  (Oestr.  Jahrb.,  1800,  XVIII.,  4 et  5 II.,  p.  3)  young 
osseous  tissue  has  its  origin  in  migrated  colorless  blood -corpuscles.  In  the  bones  o'! 
young  dogs,  which  very  soon  after  birth  were  repeatedly  fed- with  cinnabar,  he  saw 
it  in  the  youngest  formed  bone  laminae,  especially  in  the  bone-corpuscles;  likewise  in 
the  cartilaginous  cells  of  the  fracture-callus  of  young  dogs. 

Periosteum  retains  its  bone-forming  capacity  even  when  it  has  been 
partly  or  wholly  removed  from  the  bone  and  transplanted  into  other  parts 
of  the  body ; but  especially,  what  is  especially  important  in  resections  of 
bones,  if  it  is  retained,  while  the  bone  is  in  any  manner  removed  (by 
disease  or  surgically). 


Many  have  accepted  DOHAMEL’s  proposition:  “ le  perioste  fait  les  os /”  while 
others  sometimes  refer  to  the  bone  an  essential  share  in  the  formation  of  callus 
(Mieschkr,  J.  Mf’Li.ER,  Scarpa,  SOmmering  and  others),  sometimes  ascribe  an 
equal  importance  in  that  process  to  soft  parts  and  bones  (Bresciiet,  Cruveilhier 
and  others).  B.  Heine  studied  in  animals  the  healing  process  after  resections. 
Syme,  Stein lin,  A.  Wagner  and  others  followed  him.  They  come  to  the  conclu- 
sion, that  the  periosteum  surely  plays  the  chief  part  in  the  reparation  of  bone- 
defects  arising  by  resection,  that  nevertheless  a reproduction  of  bone  takes  place  also 
without  periosteum,  which  proceeds  from  the  medullary  cavity  or  diploe,  so  far  as 
they  are  injured,  or  from  the  soft  parts  surrounding  the  bones.  Flourens  later, 
after  numerous  experiments,  became  a defender  of  Duhamel. 

Ollier  has  experimentally  shown,  that  pieces  of  periosteum,  when  completely 
separated  from  their  original  place  and  transplanted  into  other  parts,  retain  their 
capacity  of  generating  bone:  so-called  osteopbistie  periosliqne.  If  a bone,  e.q ., 
the  ratlins  of  a rabbit  be  partly  cut  out,  and  the  periosteum  left  in  place,  there  will 
be  found  after  two  mouths  a new  piece  of  bone,  similar  in  form  and  character  to  the 
old.  If,  on  the  other  hand,  the  periosteum  be  removed,  there  will  scarcely  be 
formed  a trace  of  soft  fibre,  which  at  the  most  will  contain  some  osseous  nuclei  or 
scales.  The  latter  are  usually  derived  from  the  remains  of  the  periosteum  left 
behind.  The  soft  textures  bordering  on  the  periosteum  possess  no  hone -generating 
properties.  If  the  periosteum  and  superficial  parts  of  the  compact  tissue  of  the 
diapbysis  of  a long  bone  be  removed  without  opening  into  the  medullary  canal,  the 
bone  will  be  more  slowly  restored.  Regeneration  after  preservation  of  the  perios- 
teum succeeds  not  merely  in  long  tubular  bones,  but  also  in  fiat  bones,  e.  q. , the 
scapula.  If  in  the  metatarso-phnlangeal  joints  of  the  rabbit  the  synovial  membrane 
and  ligaments  be  preserved  as  far  as  possible,  so  that  the  latter  remain  iu  connection 
with  the  periosteum,  there  will  be  generated  new  portions  of  bone  with  a complete 
joint.  According  to  O the  epiphyses  also  of  long  bones  are  regenerated  in  rabbits, 
as  well  as  short  bones,  e.q. , the  calcaneus,  os  cuboideum.  Bkown-Skqijakd  saw  in 
guinea  pigs  regeneration  of  the  posterior  segment  of  the  vertebral  arch  and  of  the 
spinous  processes  of  four  vertebras.  Regeneration  of  the  epiphyses  in  man  has  been 
observed  by  Textor  and  Syme  in  the  elbow,  by  Lucre  in  the  humerus. 

GOUJON,  Jonrn.  de  Vaunt,  ct  de  la  phys. , July,  Aug.,  1809)  found  in  variously 
modified  experiments  on  rabbits,  doves  and  fowls,  that  the  bone-marrow  also  takes 
part  in  the  reproduction  of  bone-substance. 

All  these  experiments  are  of  direct  utility  in  practical  surgery.  Malgaigne  first 
laid  down  the  rule,  to  preserve  the  periosteum  as  far  as  possible  in  resections 
(so-called  sub-periosteal  resections).  Thus  there  arose  as  the  special  aim  of  con- 
servative surgery  so-called  osteoplasty,  in  which  is  included  all  those  operations,  in 
which  bone-substance  itself  or  bone-generating  tissue  is  i*iplanted  into  a part  of  the 
body,  in  order  thereby  to  effect  the  continuous  existence  of  bone-substance  in  this 
part.  Disregarding  the  older  methods  of  operation  of  Pirogoff,  Nklaton  and 
others,  the  above  proposition  of  Ollier  has,  by  B.  Langenueck  and  others,  been 
accorded  its  practical  value : iu  rhinoplasty,  wherein  the  pericranium  is  transplanted 
simultaneously  with  the  frontal  flap,  in  order  thereby  to  generate  in  the  new-formed 
nasal  bridge  a new-formation  of  bone,  for  the  regeneration  of  the  defect  of  the  bony 
portion  of  "the  nose;  and  in  uranoplasty  (loosening  and  shifting  of  the  muco-perios- 
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teal  covering  of  tlie  palate)  in  order  to  close  bv  new-formation  of  bone  the  fissure  of 
the  hard  palate. 

The  histological  conditions  in  pathological  formation  of  hone  are  as 
follows:  more  accurate  details,  corresponding  to  the  most  recent  investiga- 
tions on  normal  ossification  are  yet  for  the  most  part  wanting. 

In  the  FOUMATION  OF  OSSEOUS  TISSUE  FROM  CONNECTIVE-TISSUE  (and 
periosteum)  there  appears  either  no  increase  of  connective  tissue  corpuscles, 
or  such  an  increase  does  take  place. 

In  the  former  case  the  connective-tissue  corpuscles  retain  their  spindle- 
shaped  form  ; or  they  become  stellate,  the  processes  appear  in  communica- 
tion with  one  another:  osteoid  tissue.  In  both  cases,  calcareous  salts  are 
deposited  in  the  basis  substance.  This  form  of  bone-formation  occurs 
oftenest  in  ossification  of  tendons. 

In  the  second  case,  the  connective-tissue  corpuscles  (or  the  cells  of  the 
red  medulla,  or  the  fat-cells  of  the  yellow  medulla,  after  that  they,  by  loss 
of  their  fat,  have  been  metamorphosed  into  analogous  corpuscles)  increase 
by  division,  rarely  by  endogenous  cell-formation.  The  connective  tissue 
(or  j>eriosteum)  partly  hereby,  partly  through  hypenemia,  new  formation 
of  vessels  aud  consecutive  soaking  with  plasma,  becomes  thicker  and  gela- 
tinous. With  respect  to  the  new-formed  cells,  those  separated  from  the  old 
bone  become  connective  tissue,  vessels,  fat-cells,  or  persist  as  simple  medul- 
lary cells;  those,  on  the  other  hand,  lying  nearest  the  bone  are  formation- 
cells  of  true  bone-substance : so-called  osteogenic  cells  or  osteoblasts. 
They  are  more  or  less  regularly  arranged,  like  epithelium,  on  the  surface  of 
bones,  and,  according  to  one  view,  secrete  a homogeneous  basis  substance, 
which  becomes  fibrous  and  in  which  calcareous  salts  are  later  deposited, 
while,  according  to  the  other  view,  the  basis  substance  is  a direct  product 
of  metamorphosis  of  the  peripheral  portion  of  the  osteoblasts  themselves. 
The  osteoblasts  or  their  remains  liecome  stellate  bone-corpuscles. 

In  the  formation  of  osseous  tissue  from  cartilage,  either  there  is  a 

SIMPLE  DEPOSITION  OF  I.IMK  IN  THE  BASIS  SUBSTANCE  OF  THE  CARTILAGE,  ES 
well  as  in  the  external  membrane  of  the  cartilage  cells  (witli  peculiar  lami- 
nar thickening  on  the  interior  of  the  corpuscles),  and  supplementary  radia- 
tion of  the  internal  membrane  of  the  cartilage-cells  : the  former  becomes 
the  basis  substance  of  the  bones,  the  latter  the  bone-corpuscles.  This  pro- 
cess has  been  most  frequently  observed  as  a change  incident  to  nge,  in  the 
ossification  of  the  costal  and  laryngeal  cartilages,  also  in  rachitic  bones 
(where  investigation  is  easy  on  account  of  the  slight  calcification),  as  well 
as  in  enchondromata.  It  is  included  iu  simple  calcification  of  cartilage. 

Or  there  occurs  the  following  process,  analogous  to  normal  ossification 
of  cartilage.  At  first  the  basis  Rubstance  of  the  cartilage  is  calcified 
together  with  the  cartilage  capsules.  Then  there  arises  by  progressive  divi- 
sion ol  the  cartilage-cells  proper,  one  brood  of  young  cells  after  another, 
while  at  the  same  time  the  calcified  mass  again  disappears  by  absorption. 
These  young  cells  become  partly  medullary  and  fat -cell,  vessels,  etc.  : partly 
they  represent  osteoblasts,  which  change  in  one  of  the  above-mentioned 
ways. 

< >u  the  origin  of  osseous  tissue  from  bone-substance,  vide  infra. 

\ oung  new-formed  bone  is  usually  very  porous,  and  rich  in  vessels  and 
medulla.  Usually,  only  later  does  it  resemble  normal  compact  osseous 
tissue,  whilst  new  bone-masses  are  deposited  concentrically  in  the  spaces 
of  the  porous  tissue.  But,  then,  compact  osseous  tissue  often  becomes 
porous  again  by  resorption.  Thus  also  the  processes  of  pathological  ossifi- 
cation herein  resemble  those  of  normal  ossification. 
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The  views  respecting  the  very  complicated  processes  of  normal  ossification  are  still 
at  great  variance.  Ou  the  one  side  are  Sharpey,  Bruch,  II.  Muller,  Gkoenbaukr, 
and  Lanooip,  on  the  other  Lteberki"  iix,  who  assumes  an  immediate  transition  of 
cartilage  into  hone.  The  same  opposition  respecting  the  share  of  osteoblasts  in  the 
formation  of  basis  substance  exists  between  Gegknbauer  and  Waldeyek. 

The  growth  of  new-formed  osseous  tissue  probably  takes  place  in  part 
like  that  of  normal  osseous  tissue,  from  the  surrounding  connective,  cartil- 
aginous, or  osseous  tissue ; it  is  in  part  interstitial.  Bone  increases  in 
thickness  normally,  by  the  continuous  growth  outward  from  the  internal 
periosteum  of  new  osseous  tissue,  while  at  the  same  time  the  medullary 
cavity  is  increased  by  absorption  of  the  bone.  This  is  in  part  shown  by 
microscopical  investigation,  in  part  by  experiment : a ring  fitted  around  a 
long  bone  approaches  the  medullary  cavity  (Flourens’  experiment).  The 
normal  growth  of  tubular  bones  in  length  takes  place  in  the  epiphysal 
cartilages.  This  is  demonstrated  partly  by  the  microscope,  partly  by  ex- 
periment. If  pegs  be  inserted  into  the  diaphysis  of  bones  of  growing 
animals,  their  distance  apart  in  the  diaphysis  will  remain  the  same,  while 
their  distance  from  the  epiphyses  corresponds  with  the  growth  of  the  bone 
in  length  (Hunter’s  experiment).  The  existence  of  an  interstitial  growth 
of  bone  is  from  the  more  recent  experiments  in  normal  animals  called  in 
question.  It  probably  occurs  under  pathological  conditions.  It  is  mainly 
intercellular,  through  increase  of  intercellular  substance;  in  foetal  life 
besides,  it  is  also  cellular,  whilst  the  bone-cells  become  larger  or  increase 
in  the  osseous  tissue  itself. 

According  to  Wolff  (Jierl.  kl.  W*rhr.,  1808,  Nos.  0,  7,  10,  and  14),  growth  in  length 
of  tubular  bones  is  not  exclusively  dependent  upon  apposition  in  the  diaphysal  limits, 
but  there  is  a true  expansion  of  the  already  formed  bone.  W.  found  in  numerous 
cases  that  the  distance  apart  of  two  portions  of  wire,  fixed  in  bones  and  bent  at  riglit 
angles,  becomes  greater  during  growth.  From  experiments  ou  rabbits  he  estimates 
the  interstitial  growth  of  the  human  tibia  at,  at  the  least,  25  mm.  If  two  fine  holes 
be  bored  in  the  diaphysis  of  a young  animal,  and  these  connected  by  inserting  the 
ends  of  a fine  wire  bent  at  right  angles,  there  will  after  a time  he  a bending  of  the  bone, 
whose  concavity  will  correspond  to  the  surface  on  which  the  wire  lay.  The  growth 
of  bone  in  thickness  is,  according  to  W. , chiefly  interstitial.  Rings  of  metal  wires 
fitted  around  the  bone  do  not  penetrate  to  the  medullary  canal,  but  where  they  are 
situated  they  cause  a heading- in  of  the  osseous  tissue.  The  constriction  of  the  ring, 
which  prevents  the  normal  expansion  of  the  bone,  produces  a narrowing  of  the  medul- 
lary canal.  The  metal  ring  lying  in  a notch  of  new-formed  osseous  tissue  is  grown 
over,  whereby  the  ring  seems  to  have  migrated  toward  the  medullary  cavity.  The 
bones,  after  feeding  with  madder  for  four  days,  received,  not  only  on  the  external 
but  also  on  the  internal  surface,  an  intense  red  color.  According  to  W.,  the  perios- 
teum is  of  slight  importance  with  respect  to  the  growth  in  thickness  of  bone  : on  the 
twenty-eighth  day  after  destruction  of  the  whole  periosteum  of  one  tibia  of  a young 
rabbit  no  difference  could  be  discovered  between  the  bones  of  the  operated  side  and 
those  of  the  side  which  had  not  been  operated  on.  Wolfe,  in  a later  work  (Bert, 
tned.  Ctrtbl. , 18(5!),  No.  54),  regards  interstitial  growth  the  exclusive  process  of  growth 
in  bones  ; no  apposition  exists  in  the  cartilage  of  the  epiphyses,  here  cartilage  is  just 
as  little  metamorphosed  into  bone  as  that  in  the  medullary  cavity  medulla  arises  from 
bone.  Consult  also  Wolff,  I irch.  Arch.,  L.,  p.  389. 

Contrary  to  WOLFF  and  others,  and  in  favor  of  the  appositional  growth  of  bones, 
are  first  of  all  PniLlFEAUX  and  Vulpian  (Arch,  de physiol,  norm,  et  path.,  1870,  No. 
5 et  0,  p.  551).  Lieberkuhn  (Marb.  nntuno.  Sitzgnber.,  1872,  p.  40)  has  recently 
communicated  experiments  which  confirm  the  apposition  theory  of  Hunter  and 
Flourens,  and  show  how  also  Wolff’s  experiments  are  to  be  explained  by  it.  Like- 
wise Maas  (Arch.f.  kli/t.  Chir.,  1872,  XIV.,  p.  198).  A ring  placed  around  the  tibia, 
under  the  periosteum,  of  a young  guinea-pig,  migrated  in  most  cases  toward  the  me- 
dullary cavity.  The  cases  with  apparent  bending  in  of  the  bone  substance  were  ex- 
plained by  M.  by  the  fact  that  the  surrounding  ring,  in  part  or  throughout  the  whole 
circumference,  prevented  the  activity  of  the  periosteum.  Also  the  super  jaoent  layer 
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in  the  medullary  canal  is  a sign  of  diminished  activity  : resorption  of  hone-substance 
is  retarded  at  the  point  corresponding  to  the  position  of  the  ring.  If  pe-s  be  intro- 
duced into  auger-holes  in  the  diaphysis  of  bones,  their  distance  in  the  diaphvsis  will 
remain  exactly  the  same  : both  pegs  are  separated  by  a distance  corresponding  with 
the  growth  of  the  hone  in  length  from  the  epiphyses.  M.  never,  like  Wolff.  ob- 
served an  increase  of  distance  between  the  pegs.  In  many  cases  the  experiment  fails, 
whilst  an  osteoplastic  periostitis  (BlLl.KOTH),  or  thickening  of  the  diaphysis  and 
elongation  of  the  bone  (LaxgeNBECK)  arises,  the  latter  perhaps  in  consequence  of 
diminished  activity  of  the  epipliysal  curtilage.  If  fractures  be  produced  in  the  dia- 
physis,  close  to  one  of  the  epiphyses  and  the  distance  from  the  other  epiphysis  marked 
by*  a transverse  ring  fitted  around  the  bone,  the  distance  between  the  callus  of  frac- 
ture and  the  ring  will  remain  the  same  : the  callus  like  the  ring,  is  separated  from 
the  epiphysis  by  a distance  corresponding  to  the  increase  in  length. 

While  all  changes  of  form  in  growing  bones  are  commonly  referred  to  deposit  at 
one  point,  and  to  absorption  at  another,  the  plasticity  of  osseous  tissue,  according  to 
It.  Voi.kmann.  in  connection  with  the  changes  of  matter  equalizing  the  tension,  is  in 
condition  slowly  to  bring  forth  all  the  most  important  changes  of  form  of  bones.  The 
pathological  oocurrenci-s  in  this  connection  are  : for  the  most  part  senile,  sometimes 
also  traumatic  atrophy  or  interstitial  absorption  of  the  neck  of  the  femur ; displace- 
ments of  the  articular  extremities  in  consequence  of  increased  pressure  in  <7 run 
valgum  ft  rarum,  club-foot ; changes  of  form  of  the  vertebrae  and  ribs  in  scoliosis, 
etc.  ; displacements  of  articular  surfaces  in  the  same  affections  and  in  arthritis  dt- 
formauM.  etc.  Consult  also  Huetkr  i l>ie  Form  fit  t trirAitu  ng  urn  Hkrhtt  dm  mentchl. 
Thorax,  ItfitS).  According  to  Voi.kmann  .1 fid.  (trlhl. , 1870.  No.  11),  intercalations 
in  the  epiphysal  sutures  are  not,  in  the  increase  in  length  of  large  tubular  bones,  of 
much  consequence.  In  fractures  of  the  diaphysis,  in  extreme  nearness  to  the  joint, 
which  are  healed  with  such  a dislocation  that  the  scat  of  fracture  can  after  years  he 
determined  with  certainty,  the  point  of  fracture  preserves,  in  spite  of  the  increase  of 
length  of  the  bone,  its  old  topographical  relations  to  the  joint.  In  exostoses,  which 
are  developed  on  the  articular  extremities  of  the  diaphyses  of  young  individuals,  no 
change  of  deposit  can  likewise  l»e  demonstrated  in  the  progressive  increase  of  the 
bone. 

Tub  insTOEoorcAt,  relations  ok  interstitial  bone-growth  are  still  little 
known.  The  irregularities  so  frequent  in  pathological  bones  in  the  arrangement  of 
bone-corpuscles  and  basis  sulratanee,  in  lamellar  systems,  etc.,  stand  probably  in  rela- 
tion herewith.  Ri;oe  1 Virch.  Arrh.,  1870,  XLIX. , p.  237)  made  experiments  and 
measurements  on  interstitial  growth  of  bone.  The  intercellular  substance  of  1 sines 
increases  directly  with  the  age  : the  distances  between  the  cells  become  greater,  and 
in  all  directions;  the  hone  becomes  thicker,  broader  and  longer,  it  is  expanded.  The 
corpuscles  themselves  in  extra-uterine  life  generally  remain  without  measurable 
change,  their  breadth  and  thickness  decreasing  only  a little  with  age.  The  distribu- 
tion of  the  bone-corpuscles  in  growth  of  bone  varies  histologically.  In  general  the 
corpuscles  lying  near  the  vessels,  are  elongated,  while  those  more  distant  show  no 
preponderance  of  a certain  dimension.  Excrescences  are  also  found  in  young  bone- 
corpuscles  (in  man  from  the  third  to  the  eighth  year),  from  those  of  very  small 
dimensions  to  the  entire  doubling  of  the  corpuscles — thus  manifest  processes  of 
division. 

The  metamorphoses  of  new-formed  osseous  tissue  are  wholly  like  those 
of  the  normal  tissue.  The  calcareous  salts  of  bones  are  not  so  insoluble  for 
animal  fluids,  that  a continual  (under  abnormal  conditions)  increased  me- 
tamorphosis cannot  be  assumed.  The  changes  in  question,  aside  from  re- 
sorption and  sclerosis,  are  inflammation,  suppuration,  necrosis,  etc. 

New-lormation  of  osseous  tissue  occurs:  as  regeneration,  hypertrophy, 
and  tumor.  An  especial  consideration  is  also  due  the  metamorphosis  of 
other  kinds  of  tissue  (connective  tissue  and  cartilage)  into  bone. 

A.  Regeneration  of  osseous  tissue  is  very  frequent. 

Its  most  common  cause  is  fracture.  It  occurs  also  usually  after  wounds, 
by  blows,  gun-shot,  after  amputations,  more  rarely  after  trephining  and 
resections,  after  extirpation  of  bones,  necrosis,  etc. 

In  all  these  cases  there  is  a complete  or  incomplete  reparation  of  the 
bone.  Healing  takes  place  either  by  first  intention  or  after  previous  for- 
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ination  of  pus  and  granulations.  In  the  former  case  there  appears  an  in- 
crease of  connective-tissue  corpuscles,  especially  of  the  periosteum,  in  less 
degree  of  the  Haversian  canals  and  medullary  substance,  probably  also  of 
the  bone-corpuscles,  and  thereupon  ossification.  In  the  latter  case  a part 
of  the  new-formed  cells  are  again  destroyed  in  form  of  pus-corpuscles ; very 
vascular  granulations  arise,  and  from  them,  with  cessation  of  suppuration, 
osseous  tissue. 

Jn  healing  of  fractures  regeneration  of  the  bones  takes  place  in  the 
following  manner.  The  blood  effused  at  the  time  of  fracture  probably  does  not 
contribute  to  the  formation  of  callus.  A larger  quantity  effused  hinders  such 
formation ; it  disappears  after  previous  metamorphosis  into  fat,  pigment 
etc.,  by  resorption.  The  periosteum  takes  the  most  essential  part  in  the 
production  of  callus;  it  swells,  alone  or  with  the  surrounding  soft  parts, 
within  the  first  days  after  injury  in  consequence  of  a thorough  soaking  with 
nutritive  liquid  (from  the  hypersemic  vessels),  and  especially  in  consequence 
of  a great  new-formation  of  formative  cells,  and  retains  a reddish,  gelatinous 
appearance.  From  it  there  arises  the  so-called  provisional  or  external 
CALLUS.  This  callus  forms  around  the  point  of  fracture  a kind  of  capsule 
or  ferrule.  That  the  formation  of  callus  does  not  necessarily  depend  upon 
it  is  shown  by  the  fact  that  callus  appears  also  where  the  periosteum  is 
entirely  or  in  part  wanting,  as  in  many  tendinous  and  muscular  insertions. 
The  medullary  membrane  and  tissue  also  share  in  the  formation  of  callus: 
this  forms  the  internal  or  medullary  callus,  which  is  represented  by  a 
solid,  rod-like  mass.  And,  in  a very  slight  degree,  the  tissue  of  the  vessels 
of  bone  at  the  point  of  fracture  have  a share,  probably  also  the  osseous 
tissue  itself:  it  forms  the  middle  or  intermediate  or  proper  bone-callus. 
In  many  cases  a share  in  this  formation  is  also  assumed  by  the  inter-mus- 
cular and  inter-fibrillar  connective  tissue,  perhaps  also  the  muscular  tissue 
itself,  as  well  as  (at  the  articular  extremities)  the  cartilaginous  tissue. 

After  the  appearance  of  the  above-described  processes  of  osteoblast  for- 
mation and  a new-formation  of  vascular,  cellular,  homogeneous  connective 
tissue,  at  points  sometimes  also  of  hyaline  or  fibrous  cartilaginous  tissue 
(the  latter  is  usually  present  only  in  fractures  of  the  bones  of  animals), 
calcareous  deposit  begins  in  the  intermediate  substance  of  the  cells.  This 
takes  place  mostly  in  a reticular  manner,  so  that  there  remain  accumulations 
of  numerous,  more  or  less  regularly  distributed  non-calcified  cells,  which 
give  to  the  new- formed,  still  vascular  bones  a porous  appearance.  At  last, 
by  progressive  deposit  of  calcareous  matter,  especially  in  the  intermediate 
and  internal,  partly  also  in  the  provisional  or  external  callus,  solid  bone- 
substance  is  formed  : definitive  callus.  A part  of  this  is  then  ke-ab- 
soubed,  so  that  finally  the  swelling  at  the  point  of  fracture  wholly  disap- 
pears, and  a more  or  less  complete  medullary  cavity  is  established. 

In  some  cases  these  processes  vary  greatly  with  the  kind  of  fracture 
(complete  or  incomplete  fracture;  fissure,  infraction — transverse,  oblique, 
and  longitudinal  fractures — simple,  multiple,  splintered  fracture)  with  the 
extent  of  laceration  of  the  periosteum,  with  the  size  of  the  dislocation,  ex- 
travasation, with  the  kind  of  bone,  etc. 

Dupuytren’s  distinction  into  provisional  and  definitive  callus  is  no  longer  author- 
ized, except  in  so  far  as  it  expresses  the  difference  between  the  two  forms  with  respect 
to  mode,  time,  and  place  of  origin.  The  distinction  is  better  between  external,  in- 
ternal, and  intermediate  callus.  But  in  a histological  sense  tho  first,  provisional,  is 
certainly  in  essence  different  from  the  latter,  or  definitive,  calUis. 

After  healing  of  fractures  with  great  dislocation  of  the  fractured  portions,  or  after 
complicated  fractures,  there  not  infrequently  arises  a voluminous  an  1 irregular  callus, 
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which  sometimes  never  retrogrades,  or  only  incompletely  (so-called  luxuriating  callus, 
otteoma  fraetura). 

The  formation  of  callus  proceeds  especially  from  the  periosteum  and  surrounding 
soft  parts,  if  the  fractured  extremities  are  displaced  over  one  another.  The  medul- 
lary cavity  then  becomes  closed  with  bone ; a part  of  the  compact  substance  of  the 
ends  of  the  bones,  especially  the  sharp  edges  and  points,  are  resorbed. 

Nikolsky  ( Virch . Arch. , 1872,  LIV.,  p.  81)  has  experimentally  investigated  the 
differences  in  the  healing  of  fractures  of  bones,  in  various  periods  of  age.  lie  distin- 
guishes three  periods:  1,  the  so-called  stage  of  granulations  ; 2,  the  transformation 
of  the  granulation  tissue  into  fibrous  tissue,  rich  in  spindle-cells  ; 3,  the  so-called 
stage  of  proliferation,  i. e. , the  metamorphosis  of  spindle-shaped  cells  by  division  into 
osteoblasts.  In  old  animals  the  duration  of  each  period  is  very  much  longer,  healing 
often  reaches  only  the  second,  sometimes  only  the  first  period,  there  is  formed  at  the 
point  of  fracture  a false  joint. 

According  to  Lossen  (lb.,  LV. . p.  45).  retrogradation  of  callus  consists  in  a chronic 
rarefying  ostitis  in  the  histological  sense,  which,  on  the  one  hand,  goes  along  with 
dilatation  of  the  medullary  canals  and  disappearance  of  the  tela  ossea ; on  the  other 
hand,  lends  to  a new-formation  of  vessels,  which  L. . from  their  origin  and  function, 
designates  resorption  vessels  Herewith  also  an  ossifying  ostitis  simultaneously  runs 
its  course,  ivjiich  always  gives  rise  to  new  bone  from  the  medullary  tissue  and  hereby 
the  remaining  bone,  and  provides  the  ‘‘definitive  callus”  in  a histological  sense. 


In  the  regenerated  osseous  tissue  there  is  formed,  either  from  the  begin- 
ning or  after  a varying  length  of  time,  the  same  line  architecture,  in  corre- 
spondence with  the  mechanical  conditions,  as  has  in  late  years  been  demon- 
strated in  normal  bones. 


Consult  H.  Meyf.u,  AreA.  f.  Anat.  Phut.  u.  Med. , 1867. — Woi.feumann,  lb., 
1872.  p.  312. 

According  to  J.  Wolfe  [Arch  f.  Uin  Chir..  1872.  XI V. , p.  270),  in  bones  which 
are  bent  through  pathological  conditions  (fractures,  rachitis),  but  with  this  bending 
again  in  part  or  wholly  capable  of  function,  there  is  a change  of  the  internal  architec- 
ture corresponding  with  the  changed  form  of  the  bone,  and  the  changed  claim  of  the 
single,  particles  of  bone  dependent  thereon.  In  fractures  there  is  a complete  revolu- 
tion not  only  at  the  point  of  fracture.,  but  to  a great  distance  from  it  above  and  below  : 
the  trabecula)  arranged  by  the  fracture  in  a statically  unfit  luyer  disappear  and  suita- 
ble now  ones  arise  in  their  place.  Thereby  there  is  formed  at  the  point  of  t he  callus 
a new  bone -substance,  with  a wholly  adapted  architecture.  Healing  of  fractures 
therefore  consists  of  two  processes  perfectly  independent  of  each  other  ; of  the  inflam- 
matory, transitory  formation  of  callus  at  the  point  of  fracture,  aud  of  the  static,  per- 
sistent new-formation,  or  solution  of  bone-substance  at  the  point  of  fracture  and 
apart  from  it.  The  latter  processes  are  slight  in  fractures  with  slight  dislocation, 
large  in  those  with  more  considerable  dislocation. 

Also  MaKTINI  < Mul.  Ctribi. , 1872.  No.  37)  has  made  valuable  observations  on  the 
architecture  of  pathologically  changed  bones  and  joints.  Likewise  KbsTER  ( Wiirzb. 
Verb  . dune  15.  1872)  has  accurately  described  the  architecture  of  bony  anchyloses, 
especially  of  the  knee  and  hip-joints. 


Tn  healing  of  RESErTioNs  there  arises  either  a botpy  anchylosis,  which  in 
the  knee-joint  aud  the  joints  of  the  foot  is  desirable;  or  there  appears  a 
more  or  less  perfect  mobility.  For  the  most  part,  then,  the  resected  articu- 
lar extremities,  which  sometimes  also  in  form  resemble  the  old  extremities, 
are  so  loosely  connected  by  fibrous  bands  that  quite  a mobility  results.  (In 
rare  cases  a true  joint  is  formed,  with  articular  cartilage,  joint-cavity,  and 
capsule.) 

Regenerations  of  whole  bones  are  rare. 

In  my  possession  is  the  clavicle  of  a woman,  which  forty -five  years  before  was 
separated  by  suppurative  inflammation:  a new  clavicle  was  formed,  which  has  nearly 
the  form  of  the  old  bone  and  performs  a normal  function.  • 
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B.  Hypertrophy  of  osseous  tissue. 

This  occurs  partly  pure  in  various  ways,  partly  in  transitions  into  bony 
tumor,  from  various  causes. 

a.  Hypertrophy  of  bone  (in  the  narrower  sense)  is  total  (giant-growth), 
or  partial,  sometimes  congenital  (fingers  and  toes),  sometimes  acquired 
(normal  prominences  of  bones  at  points  of  muscular  attachment  in  men  who 
labor  hard,  of  the  skull  in  hydrocephalus). 

The  common  genu  valgum,  e.g.  of  bakers,  arises  through  excessive  growth 
of  the  internal  condyle  of  the  femur  : this  comes  from  the  want  of  resist- 
ance exercised  by  the  corresponding  portion  of  the  tibia,  during  standing 
for  hours  at  a time  with  bent  knees.  (Thus  is  explained  also  the  excessive 
growth  of  a tooth,  when  the  opposite  one  is  absent.) 

b.  Elongation  of  bones  occurs  only  in  largo  tubular  bones:  spontane- 
ously, in  osteomyelitis,  after  necrosis,  fractures ; sometimes  in  amputation- 
stumps,  or  in  large  ulcers  of  the  feet. 

c.  Hyperostosis  of  bones,  i.e.  increase  of  diameter,  occurs  either  in  the 
whole  bone,  except  at  the  suture  or  joints,  or  only  in  a part  of  it  (peuios- 
TOSlfi).  It  affects  either  only  the  external  compact  tissue  (external  hyper- 
ostosis), or  only  the  medullary  substance  (internal  hyperostosis  or  sclero- 
sis), or  both  at  the  same  time. 

d.  Osteophyte,  i.e.,  an  osseous  new-formation  firmly  attached  to  the  sur- 
face of  bones,  but  distinguished  from  the  bone  by  its  for  the  most  part 
spongy  texture  (at  least  at  the  beginning)  and  its  great  vascularity ; occurs 
as  a bony-mass,  which  is  either  diffuse,  velvety,  or  laminated  with  splinters, 
or  warty  and  in  form  of  a stalactite,  or  spinous  or  cauliflower-like,  or  as  an 
osteophyte  in  form  of  a bony  mass  which  had  been  poured  over  the  bone 
and  become  rigid  during  the  flow.  Osteophytes  in  the  earlier  stages  consist 
of  reticular  osseous  tissue,  the  wide  spaces  of  which  contain  in  the  centre  a 
vessel,  in  the  remaining  space  fibrous  tissue.  In  its  further  progress  the 
bony  mass  increases  mostly  in  concentric  lamelhe,  decreases  in  the  inclosed 
mass,  until  finally  only  the  vessel  is  present  (hardening  of  osteophytes). 
Thus  either  they  remain  permanent,  or  there  appears  in  turn,  like  the  nor- 
mal formation  of  a medullary  space,  a dissolution  of  the  osseous  tissue  : 
secondary  spongy  state. 

In  ossifying  or  osteoplastic  periostitis,  there  arise  the  so-called  osteophytes  from 
the  periosteum,  according  to  Billroth,  from  the  surface  of  the  bone  by  ossification 
of  the  granulating  small  vessels  of  the  bone  surface. 

e.  Exostosis  is  a tumor-like  osseous  new-formation,  firmly  attached  to 
the  bone.  There  are  distinguished,  the  circumscribed  hyperostosis,  exosto- 
sis in  form  of  a spine  or  sharp  crest,  the  rounded  exostosis  with  compact 
surface  and  spongy  centre;  exostosis,  i.e.,  exostosis  in  the  interior  of  the 
bone.  Exostoses  usually  arise  from  the  connective  tissue  of  the  periosteum 
or  of  the  medullary  (enostosis) ; more  rarely  from  cartilaginous  substance 
(so-called  exostosis  cartUaginea),  especially  from  the  peripheral  layers  of 
the  epiphvsal  cartilage  of  the  phalanges,  represents  a growth  on  the  surface 
from  the  cartilage,  thus  a kind  of  articular  extremity. 

C.  Osseous  tumor,  osteoma  (or  osteoid), 

is  a tumorous  new-formation,  in  which  ossification  represents  the  regular, 
typical  termination  of  development,  while  in  many  enebondromata,  fibro- 
mata, etc.,  it  is  somewhat  accidental.  Osteomata  contain  either  almost 
only  osseous  tissue  with  vessels  and  periosteum : ost.  durum  s.  eburneum  ; 
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or  there  is  besides  in  their  interior  a spongy  bone-mass  filled  with  medulla : 
ost.  spongiosum  ; or  there  are  to  be  found  large  medullary  cavities,  which 
are  by  many  times  the  largest  portion  of  the  tumor:  ost.  medullosum  s. 

MYELOIDES. 


According  to  their  locality,  osteomata  are  hyperplastic  or  heteroplastic  (in 
the  brain,  lungs  etc  ). 

Osteomata,  which  proceed  from  connective  or  cartilage-tissue,  are  distinguished  by 
the  tissue  from  which  they  arise : most  osteomata  arise  from  connective  tissue; 
exostosis  cartilaoinea,  which  consists  of  compact  or  spongy  bone  tissue,  and  is 
covered  with  a thin  layer  of  cartilage  (especially  in  long  tubular  bones) ; hyper- 
plastic osteomata  (common  exostoses),  teudinous,  aponeurotic,  and  apophytic 
osteomata,  common  and  discontinuous  osteomata,  bony  growths  from  riding  or  exercise, 
are  mostly  single,  more  rarely  multiple  (senile  and  infantile  rheumatismus  nodosus, 
syphilitic  exostoses).  Heteropl  astic  osteomata  pass  partly  into  hyperplastic  osteo- 
mata, especially  the  tendinous,  etc.  They  lie  in  part  near  the  bones  (so-called  paros- 
teal  osteomata),  especially  also  in  the  vicinity  of  chronically  inflamed  joints,  in  the 
spinal  and  cerebral  arachnoid,  in  the  dura  mater  of  the  brain  ; they  lie  in  part  sepa- 
rated from  them  : in  the  interior  of  the  central  nervous  apparatus,  within  the  eye, 
lungs.  (Consult  Vihcuoav,  Die  krankh.  Oeschte II.,  p.  1.) 

An  osteoma  of  the  brain  is  described  by  Ebstein  ( Virch.  Arch.,  LI.,  p.  145). 

BUHL  calls  diffuse  osteomata  of  the  lungs  ossified  knotB  in  cirrhotic  lungs  {Lungen- 
entz , etc.,  1872,  p.  61). 

T>.  Metamorphosis  ok  other  forms  of  tissue  into  osseous  tissue 

occurs  very  often,  but  for  the  most  part  has  little  practical  importance, 
since  it  either  is  of  slight  extent,  or  a consequent  condition  of  other  and 
more  important  processes,  es[ socially  marasmus  of  age,  chronic  iuH.unma- 
tions,  and  various  new- formations. 

A metamorphosis  of  normal  connective  tissue  into  osseous  tissue  often 
occurs  with  simultaneous  calcification  in  tendons,  faseiai,  intermuscular  and 
interosseous  ligaments;  in  the  vicinity  of  chronically  inflamed  joints;  in 
symphyses  and  synchondroses ; in  the  dura  mater  of  the  brain,  especially 
the  falx;  in  the  cerebral  and  spinal  arachnoid;  in  the  brain  itself;  in  the 
valves  of  the  heart  ami  wall  of  the  larger  v«  ssels,  esjmcially  arteries ; in  the 
skin,  lungs,  choroid,  vitreous,  atrophic  eyes,  etc. 

On  myositis  ossificans  progressiva,  see  MCnciimeykr  ( Ztschr.  f.  rat.  Meet.,  1868, 
XXXIV.,  p.  9). 

A metamorphosis  of  new-formed  connective  tissue  into  osseous  tissue 
ocoui'S  : in  pseudo-membranes  of  serous  membranes,  especially  of  the  pleura, 
in  new-formed  connective  tissue  about  chronically  inflamed  joints,  in  the 
hypertrophic  interlobular  connective  tissue  of  the  lungs,  in  cutaneous  cica- 
trices, fibromata,  enchondromata,  carcinomata,  cysts, — especially  in  tumors, 
which  proceed  from  bones  or  periosteum,  more  rarely  in  those  which  have 
no  connection  therewith.  In  the  latter  case  the  osseous  tissue  is  compact 
or  porous,  or  both  at  the  same  time,  for  the  most  part  small  in  proportion 
to  the  tumor,  but  sometimes  very  voluminous. 

Metamorphosis  OF  cartilaqixous  tissue  into  osseous  tissue  occurs  : us 
an  almost  regular  process  of  age,  as  Avell  as  after  wounds  and  after  chronic  in- 
flammations of  the  vicinity  in  the  cartilages  of  the  larynx,  especially  of  the 
thyroid  and  cricoid  cartilages,  trachea,  bronchi,  ribs;  rarely  in  those  of  the 
joints,  nose;  in  cartilaginous  tumors  (as  bony  shell,  or  as  cartilage-forma- 
tion in  the  interior). 
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VII.  NEW-FORMATION  OF  CARTILAGINOUS  TISSUE. 

J.  Mi'ller,  Arch.  d.  Amt.,  Phys .,  etc.,  1830,  CCXX ; Geschwuhte , 1838,  p.  31.— 
Hkrz,  De.  enchondrotnate,  Erlangen,  1843. — Sciiaffner,  Ueb.  iL  Enchondrom. , , 
VViirzh.,  184.1. — Ranke,  he  enchondromate,  Hal.,  1848. — Ficiite,  Ueb.  d.  Enchon- 
(Iron.,  Tub.,  1830. — Redfern,  Monthly  J.  of  Med.  tic.,  X.,  p.  220,  Sept.,  1851. — 
Virchow,  Arch.,  1853,  V.,  p.  210;  Verh.,  VII.;  EtUteickelung  dm  Schadd- 

grundm,  18.17  ; Die  krkh.  (leectur,  1803,  I.,  p.  435. — ScnOLZ,  De  enchondrom. , Vra- 
tisl,  1855. — O.  Weber,  Die  Knochengeschw. , 1850. — II.  Mkckel,  Ann,,  d.  Char.,  1850, 
VII.,  p.  00. — Neumann,  Arch.  d.  lleilk.,  1870,  XI.,  p.  414. 

New  formed  cartilaginous  tissue  lias  in  general  all  the  properties  of 
the  normal,  foetal,  or  developed  cartilaginous  tissue.  It  consists  most  fre- 
quently of  hyaline,  more  rarely  of  reticular  or  fibrous  cartilage.  The  basis 
substance  is  almost  always  chondrin,  rarely  containing  gelatin  or  albu- 
men. 


According  to  Neumann  (1.  c.),  liquid  does  not  lie  between  the  cartilage-cells  and 
walls  of  the  so-called  cartilage-spaces,  but  a solid  substance,  which  is  in  continuous 
connection  with  the  remaining  basis  substance,  and  is  to  be  regarded  as  a differen- 
tiated part  of  it:  PKu i -cellular  SUBSTANCE,  Upon  its  origin  depends  the  known 
wrinkling  of  the  cartilage -cells  : the  latter  are  compressed  in  every  increase  of 
volume  of  the  former. 

According  to  Hkitzmann  ( Wien.  med.  Jahrh.,  1872,  p.  349),  the  bodies  of  the  car- 
tilage-cells are  provided  with  radiating  processes,  which  form  in  the  basis  substance 
a delicate  varicose  net-work.  At  tbe  points  of  transition  of  hyaline  cartilage  into 
striated  fibrous  cartilage  and  periosteal  tissue  the  processes  are  very  large  and  broad  ; 
they  connect  the  neighboring  cells  immediately  or  mediately  by  means  of  fine  pro- 
cesses. 

Cartilaginous  tissue  arises  either  from  cartilaginous  tissue  itself,  or,  and 
most  frequently,  from  connective  tissue,  most  rarely  from  osseous  tissue. 
In  the  former  case  the  cartilage-cells  are  divided,  and  secrete  new  basis 
substance.  Or  there  appears,  as  in  normal  increase  of  thickness  of  carti- 
lage, a metamorphosis  of  the  lowest  layers  of  the  perichondrium  in  carti- 
laginous tissue.  The  same  metamorphosis  is  met  with  sometimes  in  the 
connective  tissue  of  other  parts.  In  most  cases,  however,  cartilaginous 
tissue  arises  from  connective  tissue  by  repeated  division  of  the  connective- 
tissue  corpuscles,  which  become  indifferent  cells,  and  are  then  metamor- 
phosed into  cartilage-cells  and  secrete  a basis  substance.  Its  origin  and 
growth  show  nothing  peculiar.  The  same  holds  good  of  most  of  its 

CHANGES. 

New-formation  of  cartilaginous  tissue  occurs  as  regeneration  of  cartilage 
substance,  most  frequently  in  the  intermediate  state  between  hypertrophy 
and  tumor,  rarely  as  pure  hypertrophy  and  as  pure  tumor. 

A.  Regeneration  of  cartilaginous  tissue 
takes  place  for  the  most  part  only  slowly.  It  is  observed  most  frequently 
iu  the  costal  cartilages,  rarely  in  the  joints.  Wounds  of  cartilage  heal 
for  the  most  part  only  after  many  weeks,  and  almost  always  only  by  con- 
nective tissue.  In  lighter  uncomplicated  wounds  there  appears,  with  simul- 
taneous softening  of  the  cartilaginous  basis  substance,  an  increase  of  carti- 
lage-cells at  the  cut  surface;  the  new  formed  cells  leave  the  cartilage  cap- 
sules, come  to  the  surface  of  the  wound  and  form  common  connective  tissue, 
and  from  which  later  cartilaginous  tissue  or  osseous  tissue  may  be  produced. 
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In  deeper  or  complicated  wounds  the  same  changes  take  place  at  a greater 
depth,  and  new  vessels  are  formed  from  the  vessels  of  the  perichondrium. 

D'irxer  {!)>•  grarioribw  quid.  eartdaginum  mutati&nibiu.  Tub.,  1798)  obtained  the 
same  results  with  respect  to  wounds  of  cartilage  as  were  later  arrived  at  by  Kkd- 
FKUN  (l.  C-). 

According  to  ItElZ  (-STKICKER,  Her.  d.  117//)..  Arad. , 1807.  LY.,  p.  501),  the  sur- 
face of  wounds  of  the  trachea  is  filled  by  a fibrous  cement-substance  with  nuclei,  and 
the  growing  cartilage-cells  send  out  filamentous  processes,  which  reach  from  one 
wound-surface  to  the  other. 

According  to  ARCH.VNQE1.8KY  (Med.  Ctrltd.,  1808.  No.  42i,  the  cicatrix  of  a carti- 
lage-wound consists  of  connective  tissue  ; this  after  a time  gradually  passes  into  car- 
tilage, whilst  the  connective  tissue  corpuscles  are  transformed  into  cartilage  corpus- 
cles ; from  this  fibrous  cartilage  there  is  later  formed  the  true  or  hyaline  cartilage. 
B arth  ( Mid.  CtrUd. , 18<}9,  No.  40)  observed  regeneration  in  the  costal  cartilages  of 
dogs  and  rabbits  three  months  after  their  complete  section  ; union  at  first  took  place 
by  new-formed  connective  tissue.  Lkgros  ( (Jut.  lin'd.  <U  Par.,  1809,  No.  00),  as 
well  as  PeyrabX)  (Ibid.,  No.  28),  experimentally  found  regeneration  everywhere, 
when  the  perichondrium  was  retained.  It  proceeds  from  its  lowest  layer,  i. e. , from 
the  cells  found  in  it. 

The  so-called  cartilage  callus  occurs  sometimes  in  healing  of  frac- 
tures in  man,  and  especially  in  many  animals. 

A COVERING  of  nkw  joints  with  cartilage  is  not  infrequently  observed 
after  luxations,  resections,  in  pseudarthroses, 

B.  Hypertrophy  of  cartilage 

is  rarely  found  pure,  mostly  in  transitions  into  tumor. 

Uniform  thickening  of  cartilage,  e.g.,  of  the  bronchial  cartilages,  occurs 
in  many  bronch  iectaai®. 

Outgrowth  of  cartilage,  ecchoxd roses,  are  represented  by  small,  single, 
or  multiple  tumors,  which  occur  not  infrequently  on  the  ribs,  in  the  larynx 
and  trachea,  in  articular  cartilages,  especially  of  the  symphysis  pubis,  m 
arthnti*  <Ieforin<inn , also  in  the  periphery  of  joints,  and  are  mostly  of  no 
practical  importance.  (Hie  so-called  occhondvons  rph r no-orc ipiuil, in  is  a 
remains  of  the  fetal  chorda  dorsalis.) 

Dendritic  vegetation  forms  small  or  larger,  tufted  formations,  which 
are  composed  chiefly  of  vascular  connective  tissue  on  the  free  portion  of 
cartilage-substance.  They  arise  from  synovial  membranes,  or  from  the, 
periosteum,  or  from  articular  cartilage,  especially  of  the  knee-joint.  The 
cartilaginous  masses  of  the  surfaces  of  joints,  pedieu luted,  mostly  small, 
rarely  reaching  the  size  of  a walnut,  may  finally,  sometimes  after  succeeding 
partial  calcification  or  ossification,  become  free:  so-called  free  bodies  in 
THE  JOINTS. 

C.  Cartilaginous  tumor,  exchondroma  or  chondroma. 

hnchondrotna  is  a single  or  multiple,  mostly  circumscribed,  rounded 
tumor  of  varying  size,  with  smooth  or  glandulous  or  lohed  surface.  Kn- 
chondronmta  Consist  almost  never  of  cartilaginous  substance  alone,  and 
indeed  of  one  or  many  kinds  of  it,  but  at  the  same  time  almost  always  also 
of  vascular  connective  tissue. 

Consequently,  enchondromnta  on  cut  surfaces  vary  greatly  in  color,  con- 
sistence, etc.  First,  with  respect  to  the  kind  of  cartilage,  they  consist 
either  (and  most  often)  of  hyaline  cartilage;  or  (more  rarely  and  only  with 
other  kinds  of  cartilage)  of  reticular  curtilage  ; or  of  fibrous  cartilage  with 
homogeneous  or  fibrous  basis  substance — so-called  HARD  ENCHONDKOilATA J 
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or  of  mucous  cartilage,  i .e.,  of  a mucous  basis  substance  with  round,  oval, 
stellate,  etc.,  cartilage-cells  deposited  therein — so-called  soft  or  gelatinous 
e nc'Hux  d rom  AT  A.  These  kinds  of  cartilage  sometimes  form  of  themselves 
alone  the  whole  tumor,  sometimes  they  occur  together  in  the  same  tumor, 
and  are  then  sharply  contrasted,  or  pass  gradually  into  one  another.  Also 
with  respect  to  the  kind,  quantity,  and  distribution  of  the  connective 
tissue  occurring  at  the  same  time,  and  varying  in  vascularity  : the 
quantity  of  it  varies  so  greatly,  that  many  enchondromata  appear  to  the 
naked  eye  as  connective- tissue  tumors,  in  which  there  is  no  cartilage,  or 
only  scanty  islands  of  cartilage.  It  forms  always  the  capsule  and  often  the 
sheath-wall  of  vessels  in  the  interior. 

Soft  or  gelatinous  enchondroma  {each.  moUe  8.  gelatinmum)  contains  essen- 
tially larger  stellate  cells,  is  very  moist,  and  shows  a peculiar  slippery,  cut-surface  like 
albumen  of  eggs.  If  it  is  rich  in  mucus,  there  is  formed  the  ench.  mucosum,  which 
must  he  distinguished  from  the  secondary  softening  of  other  enchondromata.  If  it 
contains  stellate  colls,  there  arises  Meckel’s  stellate  corpuscle-tumor,  Virchow’s 
each,  myxomatodex  if  the  cartilage,  Virchow’s  myxoma  cartUagiueum  if  the  mucous 
tissue  preponderates.  Soft  enchondromata  contain  an  albuminous  basis  substance, 
thus  arises  Vine  now’s  kncii.  album  inosum. 

The  microscopical  investigation  of  enchondromata  furnishes  manifold 
departures  from  the  structure  of  the  normal,  embryonic,  and  formed  types 
ot  cartilage.  The  quantity  of  cartilage-cells  is  for  the  most  part  very 
variable,  as  in  normal  cartilage  ; sometimes  very  small,  sometimes  so  large 
that  the  cells  are  flattened  on  opposite  sides.  Likewise  with  this  arrange- 
ment, the  size  and  form  are  manifold : the  cells  are  often  spindle-shaped  or 
stellate  and  movable,  whereby  these  tumors  resemble  mucous  tissue,  so 
much  the  more,  as  the  basis  substance  is  at  the  same  time  soft,  even 
almost  liquid.  The  membrane  of  cartilage-cells  is  sometimes  double  as  in 
normal  cartilage,  sometimes  it  consists  of  many  concentric  layers,  sometimes 
it  is  simple  (osteoid  enchondroma),  sometimes  every  membrane  seems  to  be 
wanting,  so  that  free  nuclei  appear  to  be  deposited  in  the  basis  substance. 
Fat-drops  are  for  the  most  part  found  in  the  cell-contents.  The  cell-nucleus 
is  single,  multiple,  of  varying  size,  form  (sometimes  branched)  and  often  in 
fatty  metamorphosis  or  simple  atrophy.  The  basis  substanco  is  of  varying 
thickness  and  character. 

Further  and  more  numerous  differences  arise  through  metamorphoses,  which  fre- 
quently occur  in  all  the  tissues  of  enchondroma.  Aside  from  those,  which  also  are 
shown  by  normal  cartilage  in  greater  or  less  degree  (fatty  infiltration  and  calcification 
of  the  cells)  clouding  and  fibrous  change  of  the  intercellular  substance),  the  following 
are  especially  worthy  of  mention  : 

vascularization,  which  in  many  enchondromata  precedes  ossification,  in  others 
reaches  a teleangiectatic  development ; 

CALCIFICATION,  which  affects  only  the  cells,  or  only  the  basis  substance,  or  both  at 
the  same  time  ; 

ossification,  which  occurs  as  well  in  enchondromata  of  soft  parts,  as  especially 
in  those  of  bones,  and  affects  sometimes  only  single,  central  or  peripheral  parts  of  the 
tumor,  sometimes  the  latter  in  their  whole  exteut.  so  that  the  tumor  finally  becomes 
an  osteoid,  sometimes  the  whole  periphery  of  the  turner,  so  that  the  latter  is  inclosed 
by  a bony  shell,  sometimes  only  a half  of  the  enchondroma  (<<.  g. , in  those  of  the  peri- 
osteum the  parts  on  the  side  of  the  latter) ; 

tuberculization,  which  depends  upon  a for  the  most  part  partial  metamorpho- 
sis of  the  euchondroma  into  a substance  like  yellow  tubercle  ; and 

softening,  which  consists  in  a fatty  metamorphosis  of  the  cells  and  in  a mucous 
metamorphosis  of  the  basis  substance.  It  appears  in  few  or  very  numerous  points,  or 
in  the  whole  mass  of  the  tumor,  especially  of  large,  and  soft  enchondromata  of  bones. 
The  affected  parts  are  soft  like  jelly,  honey  or  synovia,  clear  or  clouded,  pale  yellow- 
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ish  or  reddish  in  color;  sometimes  they  inclose  small  cartilaginous  remains.  The 
internal  surface  of  the  cavities  is  for  the  most  part  uneven  through  normal  or  incom- 
pletely softened  cartilage  masses,  rarely  it  is  smooth.  In  the  latter  case  there  arises 
the  so-called  cystic  or  cystoid  kxchondroma.  Sometimes  the  cavities  break 
through  outwardly : common  or  fistulous  enchondromatous  uleer. 

Enchondromnta  occur  especially  in  young  individuals,  sometimes  even 
in  the  new-born.  They  ofteuest  affect  the  bones,  more  frequently  their 
centre,  especially  in  the  bones  of  the  hand  of  children,  than  their  periphery 
and  the  jmm  iostcuin,  especially  in  adults  (besides  the  bones  of  the  hand  and 
foot,  especially  the  fernur,  tibia,  humerus,  pelvic  bones,  ribs,  upper  max- 
illa). Therein  the  articular  surfaces  almost  always  remain  unaffected,  even 
if,  as  not  infrequently  h&ppeus,  the  upper  and  lower  bones  of  the  joint  are 
enchondromatous  («.</.,  in  the  bones  of  the  hand  and  foot,  in  the  knee- 
joint) ; also  the  surrounding  soft  parts  remain  for  the  most  part  intact. 
Enchoudromata  are  more  rarely  found  in  the  connective  tissue  of  the  skin, 
anil  between  muscles,  tendons,  ligaments,  intestines,  on  fascia?,  in  the 
vicinity  of  and  within  glandular  organs  (most  frequently  in  the  testicles, 
parotid  and  submaxillary  glands,  lungs,  mamma*,  ovaries — in  all  these  parts 
for  the  most  part  combined  with  other  tissues),  in  the  brain,  uterus,  etc. 
Enchomlromata  are  found  most  rarely  in  cartilage  itself : t.g.,  in  the 
septum  narium. 

With  respect  to  the  oniorx  of  enchomlromata,  there  remain,  according  to  Vrn- 
enow,  sometimes  in  growing  bones  some  fragments  of  the  original  cartilage  unossi- 
fied, which  later  become  the  points  of  departure  for  the  formation  of  tumor,  eg., 
in  rachitis.  Agreeing  with  this  is  the  knowledge  of  the  fact,  that  enchondromatu 
often  occur  in  parts  of  bone,  which  normally  ossify  late  and  irregularly,  e.g.,  in  the 
vicinity  of  the  synchondroses  spheno-occipitalis.  ilto-pubica,  sacro-iliaca.  in  the 
vicinity  of  the  epiphysal  cartilages  of  tubular  boues  Also  euchondromaia  are 
not  infrequently  found  in  retained  testicles,  after  traumatic  influences,  at  points  of 
fracture. 

The  (JKOwth  of  enchomlromata  takes  place  for  the  most  part  concentri- 
cally, rarely  so,  that  around  the  mother-tumors  are  formed  new  or  daugh- 
ter-tumors. Enchoudromata  grow  for  the  most  part  slowly,  .sometimes  to 
a considerable  size,  but  then  they  may  remain  stationary  ; rarely  they 
enlarge  quickly  (many  enchoudromata  of  the  testicles  and  parotid  glands). 

Enchondromatu  occur  for  t lie  most  part,  single  ; more  rarely  several  are 
formed,  or  even  many  at  the  same  time  or  soon  after  one  another  : esj>eci- 
ally  in  the  phalanges  of  the  fingers  and  toes  of  children,  in  the  lungs. 

Euchoudromata  IVJ u re  the  affected  organ  and  tin*  whole  organism  for 
the  most  part  only  by  their  seat  and  size  ; more  rarely  also  by  softening  and 
ichorous  formation.  The  simultaneous  occurrence  of  numerous  enchoudro- 
mata is  sometimes  followed  in  children  by  a cachexia.  Healing  usually 
follows  complete  extirpation.  In  rare  cases,  especially  in  soft  enchondro- 
matu,  like  tumors  are  developed  in  the  appertaining  lymph-  and  blood- 
v esse  is,  in  the  lymph-glands,  in  internal  organs,  especially  the  lungs.  Fur- 
tlier  extension  takes  place  through  embolism. 

Consult  the  exquisite  cases  by  O.  Wsbkr  < Virch.  Arch.,  XXXV.,  p.  501),  and  by 
Bmcu-HiuacavKno  (Arch.  d.  Jleiik.,  X.,  p.  466?. 

Enchoudromata  not  infrequently  occur  combined  with  other  tissues  and 
tumors,  most  frequently  with  connective  tissue,  mucous  tissue,  fatty  tissue, 
sarcoma,  adenoma  (salivary  glands),  carcinoma  (testicle),  cysts  (ovaries). 


418 


NEW -FORMATION  OK  MUSCULAR  TISSUE. 


Osteoid  enchondroma  (Virchow)  furnishes  by  boiling  not  chondrin,  but  gela- 
tin ; its  cells  are  not  encapsuled,  but  lie  free  in  the  intercellular  substance;  they 
are  for  the  most  part  small,  rarely  round,  mostly  elongated,  spindle-shaped  or  len- 
ticular, sometimes  provided  with  processes ; the  very  abundant  vascular  intercellular 
substance  is  not  fibrillar,  but  forms  dense  laminae,  trabeculae  or  net-works,  between 
which  the  cells  are  often  scarcely  recognized  : in  this  there  arises  a great  similarity 
with  many  fibromata.  Osteoid  enchondromata  form  in  part  the  largest  (in  the  cir- ' 
cumference)  of  the  tumors  of  bone.  They  surround  for  the  most  part  the  whole 
bone.  They  are  most  frequent  at  the  knee-joint— extremities  of  the  femur  and 
tibia.  1 hey  have  for  the  most  part  no  bony  shell.  They  contain  sometimes  only 
a small  amount  of  calcareous  salts  and  can  be  cut,  but  sometimes  can  only  be  sawn, 
especially  at  the  base.  Their  uniform  termination  is  ossification,  rarely  softening. 
Metastases  also  occur  into  internal  organs. 


VIII.  N EW-FORMATION  OF  MUSCULAR  TISSUE. 

J.  Vogel,  Icon.  fust,  pntfu. A.,  1843,  Taf..  IV.— O.  Weber.  Virch.  Arch.,  1834, 
VII.,  p.  113;  Med.  Centrum.,  1863,  No.  34;  Virch.  Arch.,  XXXIX.,  p.  210.— BILL- 
ROTH, Virch.  Arch.,  1833,  VIII.,  p.  433;  IX.,  p.  172.— WirriCH,  lumigsb.  Jb.,  1861, 
III.,  p.  46. — De iters,  Arch.  f.  Aunt.  Pht/s.,  u.  s.  w.,  1861,  p.  363. — Pkremeschko, 
Virch.  Arch.,  1863,  XXVII.,  p.  116.— Oolberg,  Deutsche  Klin.,  1864,  No.  16.— 
Zenker,  Ueb.  d.  Vrrdnd.  d.  willk.  Mu  skein  in  Typh.  mW.,- 1,864.  p.  51.— Bdul, 
7Asc.hr.  f.  liiol,  1865,  I.,  p.  263. — Virchow,  Die  krkh.  Gescliw.,  1867,  III.,  1.  II., 
p.  66.— Neumann,  Arch.  J'.  micr.  Anat.,  1868,  IV.,  p.  323;  Arch.  d.  UeiVc.,  1868, 
IX.,  p.  364.— Hoffmann,  Virch.  Arch.,  XL.,  p.  505. 

New-foumation  of  muscular  substance  occurs  as  regeneration,  as 
hypertrophy,  and  as  tumor,  as  well  in  transversely  striated  as  in  smooth 
muscular  fibres,  and  indeed  most  of  these  forms  are  of  frequent  occurrence. 

1.  NEW-FORMATION  OF  TRANSVERSELY  STRIATED  MUSCULAR  FIBRES. 

A.  Regeneration  of  transversely  striated  muscular  fibres 
is  found  either  after  degenerative  losses  of  substance,  i.e .,  after  those, 
where  the  primitive  bundles  degenerate,  are  destroyed  and  finally  disap- 
pear, while  the  muscular  stroma  and  bloodvessels  remain  unaffected ; or, 
after  destructive  losses  of  substance,  i.e.,  after  those,  where  in  con- 
sequence of  cutting,  laceration  (about  fractures  of  bones,  etc. ),  of  wounds 
with  loss  of  substance,  by  suppuration,  etc.,  all  parts  of  the  muscle  (muscu- 
lar fibres,  stroma,  vessels  and  nerves)  are  destroyed.  Regeneration,  accord- 
ing to  some,  proceeds  from  the  perimysium,  from  the  sarcolemma,  and 
especially  from  the  muscular  corpuscles,  perhaps  also  from  the  nuclei  of  the 
capillaries,  etc.,  in  a manner  probably  similar  to  the  physiological  forma- 
tion of  muscle;  according  to  others,  it  takes  place  by  longitudinal  splitting, 
etc.,  of  the  old  muscular  fibres. 

The  theories  of  the  origin  of  new-formed  muscular  fibres  widely  differ.  Accord- 
ing to  most  (Pkremeschko,  Colberg,  Bum,,  Hoffmann)  the  so-called  muscular 
corpuscles  are  especially  concerned ; according  to  others  (WiTTrcn,  Dkiters, 
Zenker,  Waldbykr  and  others),  new  muscular  fibres  proceed  from  connective  tis- 
sue. See  also  Gussknbaukr  (Arch.  f.  /din.  Chir.,  1871,  XII..  p.  1010). 

According  to  BuilL,  Remak  and  others,  pathological  (as  well  as  normal)  muscle  is 
enlarged  always  by  a preceding  division  of  the  muscular  nuclei  in  the  transverse  and 
in  the  long  axis  of  the  primitive  bundle  : thence  is  derived  the  elongation  and 
increase  in  number  of  the  bundles.  By  the  longitudinal  division  of  the  nuclei  there 
arise  divisions  and  splittings  of  the  bundles  in  the  direction  of  their  length.  Also, 
according  to  Neumann,  regeneration  of  degenerated  muscles  takes  place  in  typhoid 
fever  by  a longitudinal  splitting  of  old  fibres.  The  sarcolemma  is  found  in  the  inter- 
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cellular  substance  of  the  perimysium.  In  this  the  nuclei  of  the  muscular  fibres  take 
no  part 

According  to  Neumann,  the  healing  process  of  muscular  wounds,  like  their 
regeneration  in  typhoid  fever,  consists  in  a gradual  growth  of  the  cut  muscular 
fibres  into  the  cicatricial  tissue  and  through  it,  so  that  finally  the  separated  ends 
of  the  fibres  on  both  sides  meet. 

According  to  Mablowsky  < Wien.  Woche nadir. , 1868,  No.  12)  transversely  ted 
muscular  fibres  are  regenerated  for  the  greatest  part  from  migrated  colorless  blood- 
corpuscles.  Similar  to  this  view  is  that  of  AlTFRECHT  ( I irdu  Arch.,  XL1Y..  p.  180). 
Both,  as  well  as  KkemiansKY  (1.  c.).  support  their  statements  chiefly  on  the  fact, 
that  they  have  also  found  by  injection  of  cinnabar  into  the  vessels,  some  spindle- 
shaped  cells  of  the  cicatricial  tissue  containing  cinnabar.  According  to  Mabl.,  the  old 
muscular  tissue  contributes  nothing  to  formation  of  the  new.  According  to  Auf- 
KEC’HT,  this  is  the  case  and  the  muscular  bundle  is  regenerated  within  the  sarco- 
lemma,  if  the  latter  is  retained  in  the  wound. 

Weber,  by  experimental  investigation,  found  young  muscular  cells  already  on  the 
second  day  after  injury ; from  the  beginning  the  second  week  these  were  very  long, 
small  and  like  primitive  bundles.  After  four  weeks,  young  muscles  were  perfectly 
developed. 

a.  The  restorative  regeneration  op  jictsui.bs,  which  appears  aftei 
degenerative  losses  of  substance,  occurs  almost  regularly  in  all  severe 
febrile  diseases,  especially  in  typhus  and  typhoid  fevers  (in  muscular  fibres 
destroyed  by  granular,  waxy  or  fatty  degeneration — see  p.  381),  and  in 
trichinosis  (see  p.  126),  not  infrequently  in  progressive  muscular  atrophy, 
and  so-called  essential  paralysis  of  children,  in  traumatic  and  lead  paraly- 
ses. 

WiTTien  first  demonstrated  the  PHYSIOLOGICAL  regeneration  of  transversely 
striated  muscles  ; while  in  frogs,  in  the  sleep  of  winter,  the  older  muscular  bundles 
waste  by  fatty  metamorphosis,  there  appears  a very  extensive  regeneration.  Weiss- 
M ann  {ZUchr.  f.  r<it.  if'  !.,  C X. , p.  279)  saw  the  same  in  a frog,  which  by  scanty 
nourishment  had  emaciated  in  the  water  to  a skeleton,  when  in  May  and  June  it  had 
received  abundant  food.  KOllikkr,  JIdb,  il  Urir/bH.,  1862.  p.  214.  Coi.UKRO, 
Zenker.  Clinical  observations  of  Domiennr  of  Boulogne:  tie  F dectriwtion  Urn- 
lute,  1855,  2.  Ed.  Dc  la  jmraXytie  mtucubtire  jHt  udh-hypertropkiqu*  uu  juinUyisie  rnyo- 
HcUnmqut,  Paris,  1868. 

b.  Reconstructive  muscular  regeneration,  which  servos  for  filling  up 
after  destructive  losses  of  substance,  appears  only  occasionally,  whilst  in 
most  cases  there  is  formed  a vascular  connective-tissue  cicatrix. 

(Deiters,  Perkmksciiko,  Weber.) 

B.  Hypertrophy  of  transversely  striated  muscular  fibres 
is  often  found  in  the  muscles  of  the  trunk  and  extremities,  as  well  as  in 
the  heart.  In  the  muscles  of  the  trunk  and  extremities  muscular  hypertro- 
phy is  lor  the  most  part  a result  of  increased  activity  (laborers,  gymnasts, 
dancers,  etc.) ; in  the  respiratory  muscles  (including  the  diaphragm)  it 
appears  in  consequence  of  labored  respiratory  movements,  especially  during 
emphysema;  in  the  heart  it  occurs  on  both  sides  or  only  in  one  half,  in  the 
ventricle  as  well  as  in  the  auricle,  in  consequence  of  increased  activity  as 
so-called  concentric,  simple,  and  excontric  hypertrophy.  In  rare  cases  and 
from  unknown  causes  the  latter  hypertrophy  affects  the  tongue.  In  the 
latter  part  it  forms  a severe  affection,  making  operation  necessary.  In  the 
heart  and  respiratory  muscles  it  is  of  the  greatest  practical  importance, 
since  it  ailects  a so-called  compensation  of  the  underlying  affections  of  the 
lungs,  heart,  great  vessels,  kidneys.  The  utility  of  this  compensation 
Ceasrs  as  soon  as  the  new-formed  muscular  fibres  degenerate  or  disappear. 

Microscopically,  muscular  hypertrophy  consists  in  a thickening  of  pre- 
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existing  primitive  bundles  and  in  a new-formation  of  these.  The  especial 
relations  are  not  yet  accurately  known. 

Vogel.— Bardelebbn.  Virch.  Arch I.,  p.487. — Lkhkht,  Traits  (Tanat.  path., 
J.,  p.  418. — Forster,  l bib. , p.  804  ; Spec.  path.  Aunt .,  2.  Aufl.,  1868,  p.  059. — 
Heschl.  1.  c.,  p.  71.— Bunoe.  Arch.  f.  phys.  lleilk .,  1858,  p.  71.—  Margo,  Neue 
U nler a.  Hh.  d.  Entw.  d.  Musk  elf..  1861. — Friedheicii,  Krkh.  d.  Herzens.,  1801,  n. 
286.— 0.  Weber.)  ’ 1 

Auerbach  ( Virch.  Arch.,  1871,  LIII.,  p.  284  et  397)  has  observed  a case  of  true 
muscular  hypertrophy,  in  which  the  elements  of  the  right  biceps  exceeded  in 
breadth  those  of  the  left  by  one-half.  In  the  hypertrophic  muscles  there  were  found 
at  the  same  time  a very  important  nuclear  growth,  which  was  almost  proportionate 
to  the  increase  in  volume.  The  muscles  as  well  as  overlyiug  skin  were  richer  in 
blood-supply.  Cohntikim  and  Kli.e.n hero  found  iu  muscular  hypertrophy  the 
muscular  cylinders  for  the  greatest  part  atrophia,  but  besides,  some  of  colossal 
breadth.  (See  p.  3(10.) 

According  to  Maas  (Arch.  f.  /din.  Chir.,  1872.  XIII.,  p.  413)  in  macroolossia  there 
is  originally  a hyperplasia  of  the  whole  or  half  of  the  tongue  ; the  enlarged  tongue, 
not  having  room  in  the  mouth,  is  exposed  to  manifold  external  irritants,  is  attacked 
by  inflammations,  the  product  of  which  is  new-formation  of  vessels  and  connective 
tissue. 

According  to  Schiff  ( Wien.  med.  Jnhrb.,  1872,  p.  247)  the  ligamentum  uteri 
rotund um  shows  ou  its  upper  border  three  portions  of  transversely  striated  muscular 
fibres,  which,  after  they  have  reached  the  internal  inguinal  ring,  are  reflected  to  the 
transverse  muscle  of  the  abdomen.  In  the  puerperal  state  they  are  considerably 
increased.  They  are  according  to  IIenlk  analogous  to  the  two  cremasters  of  man. 

C.  Tumor  of  transversely  striated  muscular  fibres 

(Rhabdomyoma,  myoma  striocellulare,  myosarcoma,  true  myoma) 

rarely  occurs  puke  (heart,  tongue,  body,  extremities,  testicles),  for  the  most 
part  mixed  in  form— tumors  of  the  testicles  and  of  the  ovaries  (commonly 
cystoid)  containing  numerous  other  tissues,  also  of  the  perineal  region, 
mediastinum,  perhaps  also  of  the  brain,  rarely  in  other  tumors  (keloid, 
cancer). 

Observations  of  Rokitansky,  Virchow,  O.  Weber,  Billroth,  Benjamin, 
Senftleben,  Wallmann,  It eck LINGJIA u sen,  Lambl,  Buhl,  and  the  author. 
According  to  Buiil,  who  denies  the  new-formation  of  specific  tissue-elements  in 
adults,  transversely  striated  muscles  have  been  found  in  the  embryo  obnortnally  iu 
the  testicles  or  ovaries,  etc. 


2.  NEW-FORMATION  of  smooth  muscular  fibres. 

This  occurs  in  the  form  of  hypertrophy  and  tumor;  its  regeneration  is 
not  yet  known. 

Sometimes  textures  more  or  less  like  smooth  muscular  fibres  occur  also  with  other 
tissues,  e.g.,  in  enchondromata,  sarcomata,  cancers.  We  do  not  however  yet  know 
any  safe  rule  by  which  to  recognize  them. 

A.  Hypertrophy  of  smooth  muscular  fibres 
consists  in  a great  increase  of  them,  especially  of  their  number.  It  is  not 
infrequently  found  in  the  stomach,  intestines,  (esophagus,  uterus,  urinary 
bladder,  prostate  gland,  bloodvessels,  from  various  causes,  generally  in 
consequence  of  increased  activity  of  these  organs.  The  latter  depends 
upon  irritations  of  various  kinds,  especially  inflammations,  as  well  as  in 
strictures  between  the  hypertrophic  organ  and  the  surface  affected  (stenosis 


ITTPEI1TR0P1IY  OF  SMOOTH  MUSCLES. 


421 


of  the  oesophagus,  pylorus,  urethra,  etc.).  In  the  latter  case  the  hyper- 
trophy serves  as  compensation  of  the  stricture  or  stenosis  often,  so  perfectly 
that  the  injurious  effect  of  the  stricture  appears  only  when  the  hypertrophy 
from  any  cause  disappears  (most  frequently  by  fatty  metamorphosis). 
Hypertrophy  affects,  in  membranous  organs,  almost  always  the  intermediate 
connective  tissue,  as  well  as  the  connective  tissue  of  the  serous,  subserous, 
mucous  and  submucous  tissue,  in  the  prostate  often  simultaneously  also 
with  the  glandular  tissue. 

Microscopically,  new-formed  muscular  fibres  usually  perfectly  resemble 
the  normal  fibres;  therewith  are  also  commonly  found  some  of  remarkable 
length  and  breadth.  Hypertrophy  probably  occurs  by  division  of  muscular 
fibres  already  present. 


An  enlargement  and  new-forruation  of  organic  muscular  fibres  occurs  physiolog- 
ically in  the  female  genitals  as  consequences  of  conception.  The  uterus,  at  the 
end  of  pregnancy,  shows  nearly  a twenty  four  fold  increase  in  size',  which  is  chielly 
dependent  upon  muscular  tissue.  The  muscular  fibres  art*  considerably  enlarged  (to 
form  three  to  eleven  times  their  length,  and  from  two  to  five  times  their  breadth), 
and  to  the  sixth  mouth  there  is  a new-fonnatinn  of  numerous  muscular  fibres;  also 
the  intermuscular  connective  tissue,  etc  , increases  ( KbLLrKEK).  The  round  liga- 
ments, as  well  as  the  muscular  bundles  radiating  from  the  most  external  layer  of 
transverse  fibres  of  the  uterus  between  the  two  ] ami  me  of  the  broad  ligament,  like- 
wise increase  considerably  in  size  during  pregnancy  and  acquire  an  excessive 
strength.  L1T8CBKA  found  the  same,  especially  in  cases  in  which  the  broad  liga- 
ments had  continually  experienced  a considerable  tension,  especially  in  prolapsus 
uteri  of  long  standing,  developed  in  a superior  degree  (MiilL  Arch.,  1802,  p.  204). 
At  the  time  of  heat,  or  of  menstruation  the  spindle-shaped  cells  of  the  stroma  of 
the  ovaries  (according  to  RovgkT,  AEBY  and  others,  the  muscular  fibres)  arc  more 
strongly  developed  (Aeby,  Ueich.  u.  ltab.'t  Arch.,  1801,  p.  635).  Also  at  the  time  of 
pregnancy  they  are  much  more  developed  (Ghoiik,  Ki.EUsi. 

Smooth  muscular  fibres,  according  to  K (i.i.ikkk  < Z.  f.  iri**.  Zofil. , I.,  p.  72), 
FOhstkk,  Udh.,  p.  360),  ARNOLD,  ami  others,  are  formed  from  connective  tissue, 
according  to  Molkschott  and  Piso-BormE  ( i'ntrrn.  a.  Naturl.,  IX.,  p.  5)  from 
muscular  fibres  themselves,  partly  by  longitudinal  splitting,  partly  by  branching  and 
budding. 

Johnson  (Bof/'d  Med.  and  Chir.  Sue.,  Deo.,  1^67)  found  the  muscular  layer  of  the 
Binall  renal  arteries  very  hypertrophic  in  all  forms  of  chronic  Bright’s  disense. 

A strong  enlargement  of  smooth  muscular  fibres  is  found  also  in  ectatic  veins, 
those  with  thick  as  well  as  those  with  thin  walls  (SoBOROFF,  Virch.  Arch.,  1872, 
LI  V.,  p.  306). 

In  many  cases  of  chronic  interstitial  pneumonia  (Corkioan’s  cirrhosis  of  the 
lungs!  there  is  found  in  the  walls  of  the  alveoli  a new-formation  not  only  of  con- 
nective tissue,  but  also  or  even  chiefly  of  smooth  muscular  fibres  (Bciil’8  muscular 
cirrhosis,  in  opposition  to  the  fibrous.  See  Lnngtnentz.  etc.,  p.  58). 

According  to  EBKKTn  ( Med.  t 'trlld. , 1872.  No.  15),  there  occurs  on  the  surface  of 
the  humnu  kidney  a wide  meshed  net-work  of  smooth  muscular  fibres.  In  the 
stroma  of  the  kidney  itself,  as  well  as  in  the  caj>sule  it  is  wanting,  and  yet  small 
processes  extend  into  the  most  superficial  layers  of  the  cortical  substance. 

Nkw-por ration  ok  smooth  muscular  fibres  independently  of  prk  exist- 
ing smooth  muscular  FIBRES,  as  in  many  membranes,  in  many  sarcomata,  etc., 
has  not  vet  been  certainly  demonstrated.  Arnold  ( Virch.  Arch.,  XXXIX.,  p.  270) 
found  in  a ease,  of  old  empyema  on  the  inner  surface  of  the  sack  such  quantities  of 
smooth  new-formed  muscular  fibres,  that  they  formed  a continuous  tolerably  thick 
muscular  covering;  they  arose  from  rounded  cells,  most  of  which  were  situated 
toward  the . interior.  A ease  earlier  observed  in  the  pleura  and  pericardium  by  Lko- 
WOLC  (llebMh.  Dim.,  1832)  presented  an  entirely  similar  character.  Neumann 
(-Iren.  d.  Hr  ilk. , X.,  p.  000'  has  shown  on  the  other  hand,  that  the  characters  of  the 
nbove  east-s  are  not  sufficient  for  the  oells  in  question  to  be  regarded  ,as  smooth 
muscular  fibres,  that  these  are  much  more  probably  connected  with  the  development 
of  new  connective  tissue. 
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B.  Tumor  of  smooth  muscular  fibres 

( MYOMA,  LEIOMYOMA.  FIBROMYOMA,  fibroid  in  the  narrower  sense,  myo-fibroid) 

is  in  general  like  common  fibroma  (p.  385),  of  varying  size,  round,  for  the 
most  part  sharply  circumscribed  and  easily  enucleated.  I ts  cut  surface  is 
smooth  or  uneven,  glistening  and  similar,  with  respect  to  its  contained 
smooth  muscular  fibres,  to  fibroma;  or  grayish-red,  soft,  irregularly  fibrous; 
or  consisting  of  small,  diffuse,  firmly  connected,  rounded  tumors;  or  show- 
ing concentric  lamime. 

The  microscope  shows  besides  common  connective  tissue  and  vessels, 
organic  muscular  fibres  in  varying  quantities,  rarely  so  that  these  form 
onlyr  the  smallest  portion  of  the  tumor,  but  usually  constitute  its  chief 
element.  The  muscular  fibres  lie  sometimes  imbedded  in  a for  the  most 
part  scanty,  rarely  abundant  connective  tissue  ; sometimes  they  form  perfect 
trabeculai  of  varying  strength. 

Myoma  occurs  by  far  most  frequently  in  the  body  of  the  uterus,  alone  or 
in  numbers,  and  in  its  immediate  vicinity  : it  lies  in  its  muscular  substance 
(so-called  interstitial  myoma),  or  under  the  serous  tunic,  the  latter  some- 
times with  a pedicle  (so-called  subserous  myoma),  or  under  the  mucous 
membranes  (so-called  polypous  myoma  or  fibrous  polyp).  It  is  more  rarely 
found  in  the  stomach,  intestines,  oesophagus,  in  the  prostate  (for  the  most 
part  as  so-called  hypertrophy  of  the  middle  lobe),  in  the  skin  especially  in 
the  scrotum,  in  the  Walls  of  the  veins  (v.  saphena  and  ulnaris). 

The  METAMORPHOSES  and  COMBINATIONS,  as  well  as  the  CONSEQUENCES  of 
myoma  are  the  same  as  those  of  fibroma.  Especially  worthy  of  note  is  the 
myoma  cavernosum  s.  teleaugiectodes,  which  not  infrequently  has  the 
capacity  of  acute  swelling  and  subsidence. 

The  causes  of  myoma  are:  advanced  age,  great  use,  catarrhs  of  the 
affected  mucous  membrane. 

IX.  NEW-FORMATION  OF  NERVOUS  TISSUE. 

Arnemann,  Vera.,  iib.  Gehirn.  u.  Ruckenmnrk.  1787. — Flourenb,  Ann.,  d.  so ; 
7 int.,  1828,  XXXIII. — SteinrOck,  Be  nerv.  regenerate  1838. — Nasse.  Mull.  Arch., 
1830,  p.  405. — Scin'iN,  Midi.  Arch.,  1840. — Lanokr.  Baud.  Nerrcn , 1842. — Bhown- 
SfiQUARD,  Gaz.  med.  de  Par.,  March.  1850. — Waller,  Mutt.  Arch.,  1852.  p.  393. 
— Brucii,  Ztschr.  fur  wissensc 'uiftl.  Zool. , 1854,  VI.,  p.  135. — Wkdl,  Ztschr.  d. 
Wien.  Aerate,  1855,  XI.,  p.  18. — Lent,  De  nervorum  dmeetorum  commutnt.  no  re- 
generat.,  Berol,  1855. — FOiirkr,  Arch.  f.  phys.  Hcilk.,  1850,  p.  248. — Marfkls, 
Curr.-Bl.  d.  d.  Ges.f.  Psych.,  1857. — Klob,  Ztschr.  d.  Wien.  Aerate.  1858. — Bciil, 
Aerzli.  bnycrisches  Intdugembl,  1858. — Gluoe  et  Thiehnesse,  Bull,  de  Vacnd. 
r d sc.  a Brux.,  1859. — Putlifpeaux  et  Vulpian,  Gaz.  -mid..  1830.  Nos.  27-39. — 
Hjelt,  Virch.  Arch.,  1800.  XIX.,  p.  352.— Remak.  Virch.  Arch.,  1802,  XXIII.,  p. 
441. — Sciiikf,  Arch.  d.  Ver.  f f/emeinsehaftl. , Arb.  I.  ,p.  700;  II. , p.  413. — Neu- 
mann, Arch.  d.  lleilk,  IX..  p.  193.— Virchow,  Wiirzb.  Verh.,  I.,  p.  141  ; Arch., 
III.,  p.  250;  I),  krankh.  Geschw.,  III.,  1.  II.,  p.  233.— Hertz,  Virch.  Arch.,  1809, 
XL VI  , p.  251.— Erb,  I).  Arch.,  f.  klin.  Med.,  1869,  V.,  p.  42.— Benkcke,  Virch. 
Arch.,  LV.,  p.  496. 

New-formation  of  NERVE-TISSUE  occurs  almost  always  in  the  form  of 
nerve-fibres  very  rarely  in  that  of  ganglion-cells.  In  the  former  it  is 
found  as  regeneration,  as  hypertrophy,  and  as  nerve-tumor. 

According1  to  Ranvier  ( Gompt . rend..  LXXIIT.,  1871,  II. . p.  1168)  every  small  nerve 
lies  in  a serons  or  lymphatic  hollow  space.  A layer  of  endothelial  cells  with  the  con- 
nective tissue  surrounding  it,  is  to  be  regarded  as  its  parietal  layer.  The  visceral 
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layer  corresponds  to  the  external  surface  of  the  sheath  of  Schwann,  and  consists  pro- 
bably of  flat  cells.  The  nutritive  fluids  circulate  in  this  hollow  space  and  reach  the 
axis-cylinder  through  a colloid  substance,  which  form  peculiar  constricting  rings. 
Consult  also  A.  Key  and  Retzics,  Arch.  f.  micr.  Anat.,  1873.  IX..  p.  308.  The 
PEKINEI  IUCM  of  ROBIN  is  the  envelope  around  each  nerve-bundle,  the  endokeu- 
ru  m is  the  connective  tissue  in  the  nerve-bundle  itself,  the  EPiNKunu'M  is  the  con- 
necting connective  tissue  outside  of  the  perineurium  between  the  bundles.  Accord- 
ing to  Uan-vikr  {Arch,  dephyttiol.  norm,  ct path. , 1872,  IV.,  p.  129),  nerve-fibres  show 
ring-shaped  constrictions,  in  which  the  medullary  sheath  is  wanting.  The  portion 
of  a primitive  fibre  lying  between  two  constrictions  always  possesses  only  one 
nucleus,  which  lies  almost  exactly  at  a middle  point  between  two  constrictions. 

A.  The  regeneration  of  divided  nerves 
is  effected  differently,  according  as  the  previous  division  was  simple  or  at 
the  same  time  with  resection  of  a piece  of  the  nerve.  In  both  cases  the 
portion  of  the  nerve  above  the  point  of  division  remains  normal  (influence 
of  the  nervous  central  organ),  while  the  nerve-fibres  below  the  point  of 
division  (according  to  many  only  immediately  below  this,  according  to 
others  in  their  whole  course  to  their  terminal  distribution)  degenerate. 
Degeneration  leaves  the  sheaths  of  the  fibres  intact,  affecting  especially 
THE  MEDULLA,  in  less  degree  the  axis-cylinder.  It  consists  at  first  in  a 
slight  coagulation  of  the  medulla  ; then  in  an  indentation  and  breaking  up 
into  numerous  small  pieces,  which  are  at  first  angular,  later  rounded  ; finally 
in  a fatty  metamorphosis  of  the  latter  with  final  resorption.  According 
to  many  the  axis  cylinder  (which  probably  conducts  nerve  irritations) 
remains  normal,  according  to  others  it  is  destroyed.  According  to  many, 
in  consequence  of  the  metamorphosis  of  the  medulla,  the  differentiation 
between  medulla  and  axis-cylinder  ceases  and  the  degeneration  of  the  fibres 
consists  in  a return  to  the  embryonic  state,  where  this  distinction  likewise 
does  not  exist.  In  the  sheath  of  the  fibres  numerous  nuclei  appear,  in  the 
interior  serum  collects. 

After  simple  division  of  the  nerves  there  appears  an  immediate  union 
of  the  cellular  sheath  ami  axis-cylinder,  destruction  of  the  medulla  and  per- 
haps also  of  the  axis-cylinder  of  the  nerve-fibres  of  the  peripheral  end  and 
subsequent  regeneration  of  it.  After  resection  ok  a piece  of  nerve 
th  ere  follows  a degeneration  of  the  fibres  of  the  peripheral  end  of  the  nerve. 
The  latter,  as  well  as  regeneration  of  these  and  that  of  the  resected  piece  of 
nerve  is  differently  described  by  different  authors:  according  to  most,  the 
nuclei  of  the  neurilemma  undergo  repeated  division  and  then  secrete  a 
homogeneous  mass,  later  becoming  nerve-substance.  The  length  of  the 
resected  piece,  which  is  regenerated,  may  extend  to  2—8  even  12-20  rum. 

According  to  a more  recent  view,  no  essential  difference  exists  in  the 
regeneration,  whether  the  nerve  is  simply  divided  or  a piece  is  resected. 
New  nerve-fibres  arise  in  the  central  end  of  the  nerve  bv  an  endogenous 
formation  of  daughter-fibres  within  the  old  fibres  ; in  the  peripheral  end 
new  fibres  are  formed  within  the  degenerated  old  film's.  Reunion  of  the 
new  fibres  arising  in  the  peripheral  portion  of  the  nerve  with  the  same 
fibres  of  the  central  portion  follows  probably  from  the  ingrowing  of  the 
fibres  of  both  ends  of  the  nerve  into  the  granulation-tissue. 

\ cry  different  theories  exist,  respecting  the  histological  relations  of  nerve- 
REGENERATION  after  divisions.  Bruch  and  Sciiiff  saw  sometimes  an  imme- 
diate union  of  the  extremities  of  nerves  without  previous  degeneration,  a so-called 
reunio  p.r  promt  m intuit  urn  cm.  Hertz  found  a similar  thing. 

According  to  \N  allek  and  Bnucu.  all  the  primitive  fibrillie  of  the  peripheral  por- 
tion of  the  nerve  are  completely  destroyed,  and  that  complete  regeneration  proceeds 
from  the  central  portion.  According  to  Lent,  of  the  primitive  fi  brill  a-  in  the  peri- 
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pheral  portion  only  the  axis-cylinder  and  medulla  degenerate,  which  are  again 
formed  from  the  remaining  cellular  sheath.  According  to  Sohikf,  only  the  medulla 
degenerates  in  the  peripheral  portion  of  nerves;  the  spaces  arc  tilled  with  new  primi- 
tive fibrill®,  which  grow  from  both  ends  and  are  here  united;  then  appear  pale 
Cylindrical  stria},  in  which  are  formed  at  first  the  axis-cylinder,  then  the  cellular 
sheath,  finally  the  medulla.  According  to  Lent,  ILiGi/r  and  others,  the  number  of 
nuclei  in  the  connective-tissue  sheaths  increases  remarkably  after  division  of  a nerve 
as  well  in  the  cicatrix  as  in  the  peripheral  piece,  and  the  new  nerve-fibres  probably 
arise  from  them. 

Lavekan  (Journ.  de  I'anat.  ct  de  In  phys. , 1SG8,  p.  305),  and  especially  IIebtz, 
regard  the  round,  as  well  as  the  spindle-shaped  cells  proceeding  from  them,  which 
lie  in  the  sheath,  between  the  fibres  of  the  peripheral  portion  of  the  nerve  and  in  the 
central  swelling,  as  migrated  colorless  blood-corpuscles  or  their  descendants. 

Hkma k concludes  from  an  experiment,  in  which  he  examined  the  sciatic  nerve 
eight  months  after  division,  that  new  nerve-fibres  are  formed  within  the  sheath  of 
Schwann,  and  indeed  in  place  of  one  fibre  many  fibres  were  formed,  that  they  proba- 
bly arise  from  the  axis-cylinder  and  by  longitudinal  division  of  it.  According  to 
Neumann,  the  fibres  of  the  central  end  of  the  nerve  suffer  a degeneration  and  a 
regeneration.  The  former  consists  in  the  disappearance  of  the  medulla  to  the  same 
extent,  in  which  granulation -tissue  is  formed  in  the  cellular  sheath.  Regeneration 
consists  at  first  in  an  increase  in  breadth  of  the  fibres,  which  especially  affects  the 
primitive  sheath  ; then  in  a longitudinal  striation  of  the  fibres  and  in  a final  splitting 
of  the  ends  of  the  fibres  into  bundles  of  pale  small  parallel  ribbons  which  extend 
above  into  medullated  fibres,  below  into  granulation  tissue.  Contrary  to  Kkmak.  N. 
finds  not  only  the  axis-cylinder,  but  this  and  the  metamorphosed  medulla  to  split 
longitudinally.  Gradually  the  fibres  from  the  centre  to  the  periphery  become  med- 
u Hated:  either  by  deposit  of  medulla,  or  by  metamorphosis  of  their  external  layer. 
Finally,  the  thickened  primitive  sheath  of  the  mother-fibres  probably  grows  in 
between  the  individual  daughter- fibres.  Regeneration  of  the  peripheral  end  of  nerves 
results  in  like  manner,  and  independently  of  the  central  end. 

According  to  Ranvier  ( Compt . mad.,  1872,  LXXV.,  p.  1831)  the  nuclei  of  the 
sheath  of  Schwann  in  the  peripheral  ends  of  nerves  between  two  ring-shaped 
constrictions  are,  twenty-four  hours  after  division  of  the  sciatic  or  vagus,  slightly 
swollen,  surrounded  with  granular  protoplasm.  Forty-eight  hours  after,  the  nucleus 
is  still  larger,  the  protoplasm  so  swollen,  that  it  penetrates  the  medullary  sheath. 
After  seventy-two  hours,  the  nucleus  is  so  large,  that  it  fills  almost  the  whole  diame- 
ter of  the  primitive  fibres ; the  medullary  sheath  Ls  interrupted  by  a protoplasmic 
mass  filled  with  fat ; the  axis-cylinder  is  likewise  interrupted.  On  the  sixth  day, 
the  medullary  sheath  consists  of  small  well-defined  particles  ; the  protoplasm  con- 
tains numerous  fat-granules,  the  nuclei  of  Schwann  are  increased.  Fat-granules 
are  found  in  the  flat  cells  of  the  intra- fascicular  connective  tissue,  and  in  the  endo- 
thelium of  the  bloodvessels  of  the  sheath.  From  the  seventh  to  the  twentieth  day 
the  nuclei  no  longer  increase,  the  protoplasm  is  more  scanty,  the  fractured  portions 
of  the  medullary  sheath  are  here  and  there  spindle-shaped.  In  the  central  portion 
of  the  nerve,  myelin  is  distributed  in  fine  fat-drops ; the  axis-cylinder  is  retained ; 
the  nuclei  likewise  increase  and  lie  flattened  between  axis-cylinder  and  sheath  of 
Schwann.  According  to  Raxviku’s  ( Gnz,  d.  / top .,  1873,  No.  20)  experiments  on  the 
vagus,  new-formation  of  divided  nerves  proceeds  from  the  central  ends.  The  nerve- 
bundles  then  arising  form  at  first  a filament,  which  extends  toward  the  peripheral 
end,  then  is  united  with  the  degenerated  fibres  themselves. 

Pn i lippeacx  and  Vci.pi an  (Onz.  de*.  hop. , 18(51.  No.  52)  saw  portions  of  nerves, 
separated  from  the  centre,  regenerated,  when  no  reunion  resulted  with  the  central 
portions.  They  resected  a piece,  almost  25  mm.  long,  from  the  lingual  nerve  in  two 
dogs  and  transplanted  it  under  the  skin  in  the  inguinal  region.  After  six  months 
they  found  not  only  in  the  peripheral,  isolated  remaining  piece  of  the  lingual  nerve 
very  numerous  new-formed  nerve-fibres,  but  also  in  the  transplanted  piece  a num- 
ber of  fine  fibres  of  the  thickness  for  the  most  part  of  0.005  mm. 

After  division  of  nerves,  the  pale  terminal  fibres  in  the  interior  of  the  motor  ter- 
minal plate  degenerate,  while  its  nuclei  and  finely  granular  substance  remain  un- 
changed (Krause.  /Jnchr.  f rat.  Med.,  18(53,  XXI..  p.  7:5).  Concerning  the  regen- 
eration of  the  finest  nerve-fibres,  nerve  terminal  plates,  etc.,  we  know  nothing. 

Bidder  (Arch.  f.  Anat.,  Phys.,  ete.,  18G5,  p.  07)  fouud  after  division  of  the 
anterior  and  posterior  roots  of  the  nerves  going  to  the  posterior  extremities,  fatty 
degeneration  of  the  nerves  of  the  anterior  root,  but  on  the  other  hand,  a normal 
condition  of  the  nerves  of  the  posterior  roots,  as  well  as  of  the  sympathetic  nerves. 
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(The  nerve-fibres  in  the  spinal  cord  are  similarly  affected  in  injuries  and  diseases  of 
the  cord.  ) 

Coi'KVorsiER  (Arch.  f.  micr.  Amt..  II.,  1.  H.,  p.  13)  has  made  useof  the  changes 
of  the  central  and  peripheric  portions  after  section,  to  determine  the  direction  of  the 
course  of  the  nerve  fibres  of  the  communicating  branches  of  the  sympathetic.  Herein 
he  observed  in  the  (from  the  proper  ganglion-cell)  peripheral  nerve -fibres  at  first 
coagulation  of  the  medulla,  then  resorption  of  fat-globules  and  of  the  axis-cylinder, 
until  finally  the  connective  tissue  sheath  of  the  fibre  is  emptied  and  collapses.  The 
nerve-cells  also  succumb  to  fatty  degeneration. 

After  bruising  of  nerves  the  medulla  of  the  nerve-fibres  undergoes  the  same 
changes  as  after  division ; but  Erb  could  demonstrate  histologically  as  well  as  physi- 
ologically, that  thereafter  the  axis-cylinder  persisted  in  the  peripheric  portion.  Erb 
likewise  found  at  the  point  of  bruise  a considerable  thickening  of  the  neurilemma, 
caused  at  first  by  round,  then  by  spindle-shaped  cells,  which  thickening  prevents 
regeneration  of  the  nerves,  but  probably  later  disappears. 

(Consult  Vri.piAN,  Arch,  de  Phy».,  1874,  p.  704.—  Cossy  et  Dejehine,  .lrvA. 
d>  Phys.,  187.7,  p.  507. — S.  Weir  Mitchell,  Injuries  of  Nerves,  Phila.,  1872.— Ed.] 

The  deration  OF  nerve  regeneration  is  shortest  after  simple  incised 
wounds,  as  has  been  shown  by  surgical  practice  and  experimental  research. 
It  Ls  longer  after  resection  of  a piece  of  a nerve.  If  the  latter  exceeds  a 
certain  length  (2-4  cent.)  regeneration  will  not  take  place.  In  general, 
sensory  nerves  re-unite  with  restoration  of  function  more  easily  than  motor 
nerves.  After  healing  of  incised  wounds  of  mixed  nerves,  sensibility  is 
restored  earlier  than  motility. 

De8COT  observed  healing  and  complete  restoration  of  function  of  divided  nerves, 
in  40  days,  Sen  iff  in  very  young  animals  even  in  7-14  days.  Paget  (/,<  '.  on  Sary. 
Path.)  found  in  two  cases  the  first  traces  of  returning  sensibility  in  about  15  days. 
After  division  of  the  facial  nerve  in  resection  of  the  jaw)  paralysis  of  the  muscles  of 
the  face  usually  diminishes  only  after  2-3  months. 

The  conduction  of  nerves  in  a doable  sense  has  been  experimentally  demonstrated 
by  the  union  of  the  hypoglossal  nerve  with  the  linguai  (Bidder,  1842 ; Philipfeaux 
and  Volpiah,  1888;  Hosknth  yl.  1884). 

N SLATON  (1883)  and  Laigier  > 1*84)  have  in  man  recommended  suture  of  nerves 
for  the  quicker  appearance  of  function  ; it  has  l>oen  followed  by  this  result  only  in 
sensory  nerves.  According  to  Lai  gier,  by  the  suture  motion  has  become  possible  in 
two  days  < ?).  According  to  A.  Wagner,  Schtti,  Nfbhbaum,  arid  Szymanowski 
(Pray.  Y/.ifhr.,  1885,  IV,,  p.  52)  conduction  in  sensory  nerves  is  only  [tartly  destroyed 
after  neurectomy,  or  is  interrupted  for  only  a few  days.  Conduction  in  sensory 
nerves  may  occur  indirectly,  without  union  of  the  ends  of  the  divided  nerve.  This 
conduction  through  anastomotic  nerve-branches  can,  according  to  Szymanowski,  bo 
shown  : a.  by  anatomical  preparation ; b.  by  sense  of  pain,  which  is  felt  by  cutting, 
sometimes  after  division  of  the  central  end  through  the  peripheric ; c.  by  the  fact, 
that  only  rarely  is  sensibility  immediately  and  wholly  destroyed  by  neurectomy  of 
the  nerves  of  the  face.-  Etc.  Physiologists  have  made  similar  observations  with 
regard  to  the  splanchnic  nerve. 

Aki.oing  and  Trlpucr  (Arch,  de  physiol.,  1 S00,  p.  33)  have  made  probable  the 
presence  of  collateral  anastomoses  of  the  ends  of  the  cutaneous  nerves  in  certain 
mixed  nerves  of  the  arm.  This  would  explain  in  nerve  section  a vicarious  conduc- 
tion of  sensitive  impressions  (in  place  of  the  so-called  recurrent  sensibility,  assumed 
by  many). 

After  that  PflCgkr  had  shown,  that  the  epithelia  of  the  salivary  glands  of  the 
mouth,  of  the  pancreas,  liver,  are  terminal  organs  of  nerve-fibres,  this  holds  good 
also  for  all  true  secretory  glands.  Very  probably  all  true  epithelia.  at  least  in  the.r 
young  state,  are  connected  with  nerve-fibres.  (The  sudden  turning  gray  of  hair  as  a 
result  of  emotion. ) (Arch.f.  d.  yes.  Phy».,  1889.  2.  et  3.  H.,  p.  190.) 

Regeneration  of  ganglia. 

1 liat  of  the  substance  of  the  brain  and  spinal  cord  has  not  yet  been  certainly 
shown.  Regeneration  may,  without  further  evidence,  be  concluded  from 
the  often  observed  restoration  of  function. 
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According  to  Valentine  and  Walter  (De  regener,  gangl .,  Bonn.  1853),  a regen 
eration  of  ganglion-cells  occurs  in  animals  after  extirpation  of  ganglia.  Schrader 
and  Scinfe  did  not  find  this  confirmed.  Arnkmann,  Brown-SHquahd  and 
H.  MCller  observed  in  animals  a regeneration  of  the  lower  portion  of  the  spinal 
cord.  Schick  observed  the  same  after  division  of  different  parts  of  the  spinal  cord 
and  brain.  Mahius  and  v.  Lair  (Med.  Gtrlbl .,  180!),  No.  39)  observed  in  frogs  an 
anatomical  and  functional  restoration  of  the  spinal  cord  (pieces  from  1 to  2 mm.  long 
were  resected).  It  required  about  six  months,  and  occurred  in  a manner  similar  to  that 
after  division  of  nerve-fibres.  VoiT  (Afiinchn.  acad.  Ber.,  1808)  observed  in  doves  a 
new-forination  of  brain -substance  with  restoration  of  its  activity. 

H.  Demme  ( Militdr.-chir. -St udien,  1801,1..  p.  53)  regards  as  probable  a kind  of 
immediate  union  in  the  central  organs  of  the  nervous  system  in  incised  and  punctured 
wounds.  In  injuries  of  nerves  connected  with  loss  of  substance,  there  is  a filling  up 
by  means  of  interstitial  cicatricial  tissue.  Once  D.  observed  a regeneration  of  true 
nerve-substance  in  the  central  organs  : it  arises  by  free  formation  of  primitive  tubes 
within  the  connective-tissue  intermediate  substance. 


B.  Hypertrophy  of  nerves 

occurs  sometimes  in  hypertrophy  of  the  organs  concerned  (as  well  of  the 
extremities,  as  of  the  heart),  but  (except  in  the  uterus,  where  it  is  physio- 
logical) never  appears  to  affect  the  primitive  fibres  of  the  nerves,  but  only 
their  connective  tissue.  However,  a true  hypertrophy  of  nerves  probably 
occurs  in  the  retina : it  consists  in  thickening  of  the  primitive  tubes  or 
in  fibres  formerly  without  medulla  becoming  medullary. 

C.  Nervous  tumor,  true  neuroma, 

consists  of  vascular  connective  tissue  in  for  the  most  part  preponderating 
quantity,  and  of  nerve-fibres  ; the  latter  are  rarely  parallel,  for  the  most 
part  branched  and  closely  interwoven,  broad  or  small,  mostly  medullated, 
rarely  without  medulla  ; usually  without  connection  with  the  fibres  of  the 
affected  nerve. 


Many  neuromata  contain  almost  only  gray,  non-mcdullated  nerve-fibres  recogniza- 
ble with  difficulty  in  their  bed  of  connective  tissue  : neuroma  amyelinicum  in  oppo- 
sition to  n.  MYKLINICUM. 

Virciiow  distinguishes  the  pure  neuromata,  in  which  the  nervous  elements  pre- 
ponderate, the  teleangiectatic  neuromata,  and,  according  to  the  kind  of  interstitial 
tissue,  the  fibrous,  glious,  and  mucous  neuromata. 

The  so-called  neur.  cirsoideum  s.  plexifonne  is  characterized  by  the  fact,  that  the 
nerve -fibres  and  bundles  form,  to  the  naked  eye,  irregular  coils.  It  occurs  most 
often  in  the  temporal  and  cervical  regions ; it  is  for  the  most  part  or  always  congenital. 
Consult  Verneuil.  Bull,  de  In  *oc.  aunt,  de  Paris,  1837,  p.  25. — Billroth,  Arch, 
f.  Min.  Chir. , IV..  p.  547;  XL,  p.  232.— Bruns,  Virch.  Arch.,  L.,  p.  80. 

According  to  FORSTER  ( Wii rzb.  med.  Ztechr. , II..  p.  103)  the  nerve-fibres  of  neuro- 
ma proceed  from  spindle-shaped  cells,  which  arise  in  the  connective  tissue,  elongate, 
fuse  one  with  another  by  their  points  and  gradually  receive  contents  similar  to  the 
medulla  of  nerves.  Heller  ( Virch.  Arch.,  1808,  XLIV.,  p.  338). — Genersich,  lb., 
LI.,  p.  15. 


Neuroma  occurs  in  the  course  of  one  or  more  peripheral,  for  the  most 
part  spinal,  rarely  cerebral  and  sympathetic  nerves,  in  varying  number,  and 
usually  as  small,  rounded,  smooth,  sharply  defined,  usually  partly  solid 
tumors.  It  is  also  found  at  the  cut  end  of  nerves  in  amputation-stumps. 

Neuromata  are  sometimes  congenital,  sometimes  of  traumatic  origin. 
For  the  majority  no  cause  of  origin  is  known. 

The  growth  of  neuromata  is  for  the  most  part  slow,  and  they  rarely 
roach  large  dimensions.  The  limiting  tissues  become  affected  only  through 


NEW- FORMATION  OF  CONNECTIVE  TISSUE. 


427 


pressure,  not  by  metamorphosis  into  neuiomai  tissue.  They  rarely  retro- 
grade, metastases  are  not  observed. 

Nerve- fibres  have  sometimes  been  found  in  pseudo-membranes  of  the 
pleura.  In  tumors  proper  no  new-formation  of  them  seems  to  occur. 

In  cystoids  of  the  ovaries,  testicles,  in  tumors  of  the  sacrum,  medullary 
substance  of  nerves  has  a few  times  been  found,  especially  gray  substance, 
without  connection  with  normal  nerve-fibres. 

Observations  of  Gray,  Vernecil,  and  Virchow. 

I n the  w’all  of  the  cranial  cavity  there  sometimes  occur  tumors  of  vary- 
ing size,  for  the  most  part  simple,  consisting  of  brain-substance,  which 
tumors  probably  are  congenital. 

Heterotopia  of  gray  substance  within  medullary  substance  has  been  described  by 
Mescuede ( Virch.  Arch.,  XXXVII.,  p.  507)  and  Virchow  (lb.,  XXXVIII.,  p.  136). 
Mesciiede  (Ztschr.  f.  Psych.,  XXI..  p.  481)  found  in  an  idiot  and  epileptic  per- 
son 1!)  years  old  a new-formation  of  gray  brain-substance,  not  only  in  the  surface  of 
the  ventricles,  but  also  in  the  layers  of  white  bruin-substance  bordering  on  the  cor- 
tex. Cases  of  heterotopia  of  gray  substance  in  the  medullary  body  of  the  hemi- 
spheres of  the  cerebellum  : see  Mesciiede,  Virch.  Arch.,  LVI..  p.  82.  Hyperplasia 
of  gr:iy  substance  of  the  brain,  in  the  medullary  body  of  the  vermis  cerebelli : see 
Mesciiede,  lb.,  p.  !)7. 

T niERCT! I.A  do  1.0 ROSA  are  a for  the  most  part,  subcutaneous  movable  tumors,  the 
skin  over  them  uot  at  all  or  but  little  prominent,  w’hich  of  themselves  or  by  pressure 
give  rise  to  very  severe  pains.  They  are  only  in  part  neuromata,  more  often  fibro- 
mata, etc. 


X.  IIETER0PLAS1.E  OR  HETEROLOGOUS  NEW- FORM  AT  IONS  OF 
CONNECTIVE  TISSUE,  AND  ANALOGOUS  TISSUES. 

The  new  formations  considered  hitherto  are  the  so-called  homccoplasiae  or 
Homologous  new- formations,  i.e.,  they  all  follow,  in  some  or  almost  all  the 
modes  of  their  occurrence,  physiological  types;  so  that  they  are  either 
entirely  t lie  same  (regenerations,  many  hypertrophies),  or  their  similarity 
easily  suggests  itself  (many  hypertrophies,  tumors). 

The  HETEHOPLASI/E  hereafter  to  Ik1  considered,  or  HETEROLOGOUS  NEW- 
FOHMATIONS  DEPART  FROM  THEIR  PHYSIOLOGICAL  TYPES  IN  SO  MANY  WAYS, 

that  a separate  consideration  of  them  is  necessary  or  advisable.  But 
gradual  transitions  are  in  part  also  found  in  them,  partly  to  the  new-forma- 
tions  already  given,  especially  the  tumorous,  to  many  hypertrophies  and  to 
chronic  inflammations,  partly  to  the  new-formations  of  cytogenic  tissue  to 
be  considered  hereafter. 

1 he  new  formations  belonging  here  proceed  always  from  connective 
tissue  and  from  analogous  tissues,  especially  endothelium,  never  from 
epithelium. 

1.  SARCOMA. 

(Fibro-cellular  tumor.  Turaeur  fibroplastique.  Fibro-nucleated  tumor. ) 

Aiu.unktiiy,  Surgical  Ohs.  ; Classification  of  Tumors,  Lond.  1804. — J.  Mf’LLER, 
l ib.  il.Jcin.  /An/,  etc. , der  krkh.  (its 'fur. . 1838,  p.  7.  21.  etc. — Leiikkt,  l’hys.  j>ath., 
1845,  II  . p.  120;  Abhandl.,  1848, — Virchow.  Arch.,  1847,  I..  p.  105  et  470 ; Die 
krkh.  (Jcsch w. , II.,  p.  170. — Reinhardt,  Path. -a nut.  Haters.,  1852.  p.  122. — 
Paget,  Lecl.onSurg.  Path.,  18.73,  II.,  p.  151,  155.  212.— Bili.botii.  Virch.  Arch.. 
1856,  IX.,  p.  172;  Will.,  p.  82. — Voi.kmann,  Virch.  Arch.,  1857,  XII..  p.  27. — 
Rindpleisch,  Lehrb.  <1  path.  (JewcbH.,  1806,  p.  110;  1873,  p.  103. — Neumann, 
Arch.  d.  1 1 1 ilk. , 1871,  XXII.,  p.  66;  1872.  XIII.,  p.  305 

(Consult  besides  the  text-books  of  surgery  and  the  literature  of  tumors  generally. ) 

lu  that  which  follows  I have  adopted  especially  Virchow's  description  of  sarcoma. 
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SARCOMA. 


Sarcoma  is  a tumorous  new-formation  which  belongs  to  the  group  of 
CONNEOTi  VE-SUBSTANUE  tumors  (fibroma,  myxoma,  osteoma,  glioma,  etc.), 
as  these  are  always  vascular,  but  is  distinguished  from  sharply  defined 
species  of  this  group  by  the  PREPONDERATING  development  of  the  cel- 
lular elements  as  well  in  size  as  in  number.  Consequently,  sarcoma 
is:  or,  and  by  far  the  most  frequently,  a sarcoma  fibrosum,  fibro- 
sarcoma, fibrous  sarcoma;  or,  a sahc.  mucosum  s.  gelatinosum,  myxo- 
sarcoma, mucous  sarcoma  ; or,  a s.  gliosum,  glio-sarcoma  ; or,  a s.  cartil 
aginosum,  chondro-sarcoma,  cartilaginous  sarcoma;  or,  a s.  osteoides, 
osteo-sarcoma,  osteoid  sarcoma. 

It  is  not  allowable  to  wholly  abandon  sarcoma  as  a special  tumor  and  to  regard 
each  of  the  other  species  as  a sarcomatous  variety  (as  fibroma  sarcomatosum,  myxo- 
ma sarc.,  etc.);  for  many  sarcomata  pass  directly  from  the  stage  of  granulation  into 
their  higher  forms  of  development,  without  having  to  exist  as  true  connective  tissue, 
mucous  tissue,  etc. ; and  a sarcoma,  which  is  perhaps  developed  from  a fibroma, 
myxoma,  etc. , later  by  infection  generates  daughter- tumors,  which  are  not  at  first 
fibromata,  mvxoinata,  etc. , but  immediately  become  sarcomata.  Nevertheless  the 
observer  is  not  infrequently  in  doubt  whether  he  should  call  a tumor  a fibrous  sar- 
coma or  a fibroma,  etc.  Still  more  difficult  is  it  to  draw  the  boundary  line  between 
many  small  and  round  cell  sarcomata,  on  the  one  hand,  and  many  lymphomata, 
non- epithelial  medullar  tumors,  etc.,  on  the  other.  (See  Cancer.) 

The  cells  of  sarcoma,  its  most  important  element,  are  very  different 
in  form,  size,  etc.,  but  show  in  general  either  further  development,  or 
only  hypertrophic  states  of  the  cells  of  the  forms  of  connective-tissue 
substance.  In  many  sarcomata  they  are  small.  They  are,  however,  for 
the  most  part  distinguished  by  their  considerable  size,  still  more  by 
the  size  of  their  nucleus  and  nucleolus.  With  respect  to  form  the  colls  are 
round,  spindle-shaped,  or  stellate.  The  spindle-shaped  cells  appear  in  many 
cases  wholly  like  the  endothelial  cells  of  serous  membranes,  vessels,  etc.,  as 
well  as  connective-tissue  corpuscles;  nuclear,  very  delicate,  transparent, 
thin,  not  granular,  easily  folded  plates,  which  are  sometimes  invisible,  and 
inseparably  connected.  In  many  sarcomata  cells  occur  to  a great  extent, 
which  consist  half  of  protoplasm,  half  of  fibrillar  connective-tissue  substance, 
and  the  firm  masses  represent  the  matrix  of  every  connective  tissue  form- 
ing itself  anew  : fibroplastic  corpuscles  or  fibro-blasts  (see  p.  373).  The 
fibro-blasts  are  at  first  round,  and  gradually  become  spindle-shaped.  The 
formed  elements  are  elongated,  and  consist  of  a medium-sized,  broad,  for  the 
most  part  flattened  cell-body  which  is  formed  of  granular  protoplasm 
and  provided  with  a vesicular  nucleus  and  nucleolus,  and  has  two  bipolar 
processes,  the  substance  of  which  shows  a more  or  less  advanced  meta- 
morphosis of  the  protoplasm  into  bundles  of  fibrilhe.  According  to  the 
form  of  the  cells  are  distinguished  the  stellate  or  retifokm  cell,  and  the 
ROUND  cell  sarcoma  ; according  to  their  size,  the  large  and  the  small 
cell  sarcoma.  Often  only  one  of  these  forms  occurs  in  the  same  sarcoma, 
but  often  one  sarcoma  contains  them  all,  sometimes  in  different  sections, 
sometimes  close  by  side*  of  one  another.  Sarcoma  cells  are  mostly  uncol- 
ored, rarely  in  different  degrees  pigmented : melano-sarcoma,  figment- 
sarcoma. 

The  stellate  or  reticular  cell  sarcoma  is  distinguished  by  the  strong 
development  and  the  number  of  the  stellate  cells,  but  often  shows  transi- 
tions to  other  sarcomata.  It  occurs  especially  as  melano-,  myxo-  and  glio- 
sarcoma. 

The  kriNDLE  or  fibre  cell  sarcoma  (fibroplastic  tumor,  plasmoma), 
(he  most  frequent  form  of  sarcoma,  consists  of  spindle-shaped  cells, 
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which  show  a comparatively  thick  body  with  large,  oval  or  round,  for  the 
most  part  single,  more  rarely  multiple  nucleus  and  two,  sometimes  very 
long  processes.  Sometimes  the  processes  are  numerous,  often  branched. 
The  free  nuclei  occurring  in  many  of  these  sarcomata  have  for  the  most 
part  become  free  only  through  destruction  of  cells:  so-called  fibro-nuclea- 
ted  sarcoma.  The  spindle-shaped  cells  are  usually  more  or  less  parallel ; 
they  are  separated  by  intercellular  substance  or  are  in  almost  immediate 
contact.  Sometimes  the  spindle-shaped  cells  are  concentrically  arranged, 
or  like  the  layers  of  an  onion,  around  a clear,  soft  or  calcified  central  point. 
Out  of  the  cells  are  often  formed  larger  trabecula*,  lamella?  or  bundles: 
lamellar  or  fasciculak  sarcoma.  These  sometimes  form  a radiate 
structure.  More  often  many  central  points  exist,  an  interweaving,  a trabe- 
cular arrangement : trabecular  sarcoma.  Section  shows  then  longitudi- 
nal, transverse  and  oblique  section  of  the  trabecula*,  which  in  microscopi- 
cal pictures  may  lead  to  their  confusion  with  carcinoma.  In  many  sarco- 
mata the  spindle-shaped  cells  have  a similarity  to  young  transversely 
striated,  as  well  as  with  smooth  muscular  fibres,  so  that,  especially  with 
scanty  or  wholly  absent  intercellular  substance,  they  may  be  confused  with 
myomata.  Most  spindle-cell  sarcomata  belong  to  fibro-surcomata. 

The  ROUND  cell  sarcoma  is  found  most  frequently  as  glio-  and  myxo- 
sarcoma (many  forms  of  the  former  are  almost  like  neuroglia — many  of  the 
latter  are  very  similar  to  bone-marrow : myxo-sarcoma  medullosum  s. 
myelodes),  less  often  as  fi bro- sarcoma,  etc.  In  glio-sarooina  the  for  the 
most  part  small  elements  often  lie  in  connected  rows,  so  that  its  appear- 
ance is  characterized  by  a radiating  striation  : radiate  sarcoma.  The 
cells  are  usually  so  frail,  that  only  the  so-called  free,  mostly  pale, 
cell  like  nuclei  with  large  nucleoli  appear ; in  fatty  metamorphosis,  as  well 
as  in  pigmentation,  the  cell-contour  for  the  most  port  appeals  very  distinct. 
The  cells  sometimes  have  two  and  more  nuclei.  Their  contents  aro  finely 
granular.  Their  form  is  spherical  or  irregularly  rounded  or  oval ; their 
size  exceeds  for  the  most  part  that  of  mucous  corpuscles.  The  cells  are 
always,  if  also  with  scanty  and  sometimes  very  soft  basis  substance,  sepa- 
rated from  one  another.  Transitions  to  medullary  cancer  arise  in  the  latter 
cast*,  or  through  the  presence  of  vessels,  especially  if  these  have  stronger 
connective-tissue  sheaths,  or  through  the  remains  of  the  earlier  tissue. 

Monro’s  milt-like  tumor  belongs  in  part  to  the  round-cell  sarcomata;  also  Bill- 
roth’s sarcoma  with  granulation-like  structure : the  small,  round  cell  with  large 
nuclei  lie  in  an  amorphous  intermediate  sultstnncc — esjiecially  in  the  periosteum  and 
cerebral  meninges; — Langen  beck's  scrofulous  sarcoma; — Rlndklkisch’s  lymph  - 
gland-iike  sarcoma : the  cells  lie  in  the  s juices  of  a delicate  net-work,  analogous  to 
that  of  the  lymjjh-glauda,  follicles,  etc. — especially  in  the  subcutaneous  and  inter- 
muscular tissues. 

The  small  cell  sarcoma  has  the  greatest  similarity  with  glioma,  lym- 
phoma and  certain  forms  of  granulations,  regarded  pathologically ; with  the 
granular  layers  of  the  brain  and  retina,  sometimes  also  with  the  medullary 
masses  of  the  lymph-glands  and  young  bone-marrow*,  regarded  physiologi- 
cally. I’he  cells  are  round  or  spindle-shaped.  Between  them  there  is  a 
scanty  homogeneous  substance.  These  sarcomata  belong  essentially  to  glio- 
and  myxo-sarcoiua,  and  occur  in  the  sheaths  of  vessels  and  nerves,  in  the 
skin,  etc. 

The  LARGE  CELL  sarcomata  are  for  the  most  part  fibro-  and  melano-sar- 
comata.  The  spiudle-cells  become  very  large ; between  them  is  a scanty, 
homogeneous,  or  fibrous  substance. 
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INTERCELLULAR  SUBSTANCE  OF  SARCOMA. 


The  giant-cell  saroomata  (myelo-plastic  tumors),  most  frequently  the 
myeloid  sarcomata,  contain  large  cells  with  a varying  number  (20,  30  to 
100)  of,  for  the  most  part  quite  large,  but  somewhat  pale,  nuclei  inclosing 
one  or  many  nucleoli,  which  latter  lie  in  a finely  granular,  sometimes 
yellowish,  often  very  dense  and  less  transparent  substance.  Therewith  are 
often  found  transitions  to  common  cells  with  single  nucleus. 

The  pigment  sarcoma  contains  within  its  cells  scanty  or  abundant,  very 
small  or  larger,  light  brownish  or  blackish  molecules.  It  proceeds  more 
often  from  the  choroid  and  skin.  Eventually  secondary  sarcomata  are 
likewise  often  pigmented,  rarely  without  pigment. 

On  a melanoma  of  the  cornea,  consult  Langiians,  Yirch.  Arch. , LI.,  p.  117. 

The  intercellular  substance  of  sarcomata  is  rarely  pure  connective 
tissue,  but  for  the  most  part  contains  a tolerably  large  quantity  of  albu- 
minous, caseinous,  or  mucinous  elements.  It  is  besides  homogeneous,  or 
granular,  or  fibrillar.  The  basis  substance  is  fibrillar  most  often 
in  tibro-sarcoma.  The  tibrilhe  are  usually  denser,  stiffer  and  more 
stretched  than  in  common  loose  connective  tissue.  The  basis  substance  is 
granular  most  often  in  the  glio-sarcomata,  also  in  many  small  cell  myxo- 
sarcomata. Homogeneous  intercellular  substance  is  sometimes  hyaline, 
gelatinous,  as  in  many  myxo  sarcomata  especially  of  bone-marrow,  but 
where  it  for  the  most  part  is  traversed  by  fibres ; sometimes  the  basis  sub- 
stance is  very  dense,  like  hyaline  cartilage,  as  in  many  fibro-sarcomata, 
especially  of  the  brain ; sometimes  later  it  thus  becomes  dense  and  then 
leads  to  calcification  and  ossification,  as  in  many  osteo-sarcomata.  Not 
infrequently  all  three  kinds  of  basis  substance  occur  beside  one  another. 

The  relation  between  the  basis  substance  and  the  cells  of  sarcoma  is 
usually  such,  that  the  latter  are  arranged  parallel  with  the  former, 
and  are  firmly  imbedded  in  it.  But  not  infrequently  the  connection 
between  the  for  the  most  part  small  round  cells  and  the  basis  substance  is 
so  loose,  that  in  common  or  rather  in  pencilled  sections  there  appears  a fine 
net-work,  which  resembles  that  of  cytogenic  tissue  : so-called  granulation- 
i.ike  or  lympiioid  or  lympiiadenoid  sarcoma.  Or  the  cells  (pale  or  pig- 
mented) of  sarcoma  reach  in  the  subcutaneous  connective  tissue,  muscles, 
bones,  eyes,  etc.,  a greater  development,  become  more  like  epithelium  and 
distend  the  basis  substance  into  distinct  spaces  or  alveoli : so-called  alveo- 
lar sarcoma,  sarcoma  carcinomatodes.  If  the  tumors  are  pigmented, 
like  pigmented  round  cells,  single  or  accumulated,  but  not  with  an  alveolar 
arrangement,  will  often  be  found  in  the  stroma. 

Consult  concerning  the  latter.  Billroth,  Arch.  f.  Min.  Chir .,  18G9,  XI.,  1.  H., 
p.  214.  Rindfleiscii,  Lehrb .,  187L.  p.  112.  Neumann  calls  only  those  sarcomata 
alveolar,  the  cells  of  which,  deposited  in  the  meshes  of  the  alveolar  stroma,  are 
characterized  by  the  tendency  of  their  protoplasm  to  metamorphosis  in  intercellular 
substance  like  connective-substance  cells.  (See  Cancer.) 

Vessels  are  an  integral  constituent  of  all  sarcomata.  They  show  some- 
times no  departure  from  their  usual  structure,  sometimes  their  wall  is 
wholly,  or  with  exception  of  the  most  internal  layer  metamorphosed  into 
sarcomatous  tissue.  The  vessels  are  sometimes  present  in  usual  number ; 
sometimes  they  so  far  preponderate  in  number  and  width,  that  whole  por- 
tions assume  a peculiar  appearance  : sarcoma  teleangiectodes.  ibis  is 
very  prone  to  internal  and  external  hemorrhages  : sarc.  ilemorriiagioum. 
This  may  again  become  the  starting-point  for  pigment  formation,  which 
must  be  distinguished  from  autochthonous  pigment : proper  melanotic,  and 
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hnraiorrhagic  colored  sarcomata.  Many  sarcomata  show  still  a peculiar 
parenchymatous  coloring,  which  belongs  to  certain  tissue-elements,  just  as 
the  color  of  muscles  belongs  to  primitive  muscular  bundles. 

Sarcomata  occur  most  frequently  in  and  under  the  skin : common  large 
sarcomata ; so-called  flesh-warts,  verrur.ce  cornea  s.  molles  ; many  pigment 
spots,  congenital,  so-called  ncrous  pigmettiatut , spilus,  as  myrmecine ; 
melano-sarcomata.  Also  between  the  muscles  and  on  fascia*  (of  the  abdo- 
men, back,  and  extremities),  in  the  mediastinum  and  in  the  orbits;  on  the 
periosteum,  on  the  gums  (so-called  epulis),  and  in  the  interior  of  bones, 
especially  of  the  ends  of  long  tubular  bones  and  of  the  lower  jaw  ; in  the 
female  mamime,  in  the  testicles  ; the  adventitia  of  vessels,  in  the  sheaths 
of  nerves.  Rarely  they  are  found  in  internal  organs,  especially  the  brain 
(common  sarcomata  and  many  so-called  tubercles  of  the  brain),  spinal  cord 
and  its  membranes,  especially  on  the  dura  mater,  in  the  lungs,  liver,  kid- 
neys, pancreas,  uterus,  etc.  In  the  lungs,  liver,  heart,  mucous  and  serous 
membranes  sarcomata  occur  for  the  most  part  only  SECONDARILY,  in  lymph- 
glands  primarily  and  with  comparative  rarity  secondarily. 

The  origin  of  sarcoma  takes  place  most  often  from  common  connective 
tissue,  especially  also  from  the  adventitia  of  bloodvessels  and  the  nerve- 
sheaths,  or  from  an  analogous  tissue  (mucous  tissue,  osseous  tissue,  etc.),  for 
the  most  part  in  such  a way,  that  at  first  by  division,  etc.,  of  the  cells  there 
arises  a kind  of  granulation  tissue,  usually  with  new-formation  of  blood- 
vessels, with  or  without  new-formation  of  intermediate  substance,  or  with 
partial  destruction  of  the  latter.  Less  often,  in  a similar  manner,  from 
parts  or  from  the  whole  mass  of  a tumor  of  another  kind  of  connective 
tissue,  cartilage,  etc.),  there  arises  a sarcoma  (transformation  or  degenera- 
tion). 

LCcke,  Lambl,  Cohnil-Rvnvif.r,  but  especially  Rom N ( Joum . deVanat.  tick 
la  phy*.,  I860,  VI.,  p.  239 ),  Golgi  (see  Psammoma)  and  Neumann  (Arch.  d.  Hr  ilk. , 
1872,  XIII.,  p.  805)  have  shown,  that  many  so-called  spindle-cell*  of  sarcomata  appear, 
on  closer  examination,  etc.,  similar  to  the  endothelium  of  serous  membranes,  vessels, 
etc.  Since  also  fixed  connective-tissue  corpuscles  are,  by  Ranvikr  and  Boll, 
considered  as  endothelial  cells,  the  connective  tis-ue  character  of  sarcoma  is  corro- 
borated by  these  more  recent  investigations,  if  perhn}>s  an  endothelial  new- formation, 
an  endothelioma  (Golgi)  be  left  out  of  consideration.  (Consult  also  MlCHKL, 
Arch.  d.  IfciUc. , 1878,  XIV.,  p.  39.) 

The  influence  of  the  locality  on  sarcomata  is  clearly  evident : osteoid 
sarcomata  often  appear  on  the  surface  of  bones;  softer,  medullary  forms 
richer  in  cells,  in  the  medullary  cavity;  pigmented  sarcomata  often  in  the 
skin  and  choroid;  glio-sarooma  in  nerve-centres;  firmer,  especially  fascicu- 
lated sarcomata  with  largo  spindle-cells,  in  fibrous  membranes,  especially 
fascia*,  in  the  sclerotic  and  dura-mater ; soft,  gelatinous  or  pulpous  sarco- 
mata with  very  delicate  intercellular  substance  preponderate  in  the  glands. 
Secondary  and  primary  sarcomata  have  in  general  the  same  character. 

Sarcomata  are  mostly  single,  tumorous,  and  very  rarely  multiple  from 
the  beginning.  They  are  sometimes  sharply  circumscribed,  rarely  eneap- 
suled,  sometimes  diffuse.  Sometimes  in  the  vicinity  of  the  single  tumorous 
sarcoma  new  nodules  appear,  which  are  connected  with  the  old  tumor,  so 
that  they  then  have  the  appearance  of  being  lobes  of  the  former.  On  the 
skin,  on  raucous  and  serous  membranes  sarcoma  is  sometimes  polypoid  in 
shape : polypous  sarcoma. 


The  greater  number  of  sarcomata  are  tumor-like.  Diffuse  sarcoma,  which  has 
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f ,C  fi°n,U  of  an  '"fhtration  or  hypertrophy,  occurs  especially  in  the  muscles,  in  the 
ernule  breast,  and  m the  testicles.  The  new- formation  takes  place  in  the  interstitial 
connective  tissue,  while  the  muscular  fibres,  gland-cells,  etc.,  for  the  most  part 
undergo  atrophy.  Lnder  certain  conditions  pre-existing  cavities  and  canals  dilate 
into  cyst-like  forms  (so-called  Cysto-sarcoma),  especially  in  the  mamma. 

Sarcomata  are  of  very  varying  size ; they  are  largest  in  the  mediastina 
and  in  the  extremities.  They  are  rounded  or  irregular,  spherical  or  flat- 
tened, on  the  surface  uniform  or  lobed.  Nothing  general  can  be  stated 
with  respect  to  their  consistence  and  the  character  of  their  cut  surface. 


With  respect  to  consistence,  sarcomata  arc  hard  or  soft  : to  the  former  belong 
in  general  steatoma  or  lardaceous  tumor  of  the  earlier  writers,  most  cases  of  libro-, 
chomlro-,  and  osteo-sarcoma ; to  the  latter  the  until  now  so-called  lleshy  tumors  and 
their  derivatives,  medullary  tumors,  most  cases  of  myxo-,  glio-,  and  melauo-sarcoma. 
Their  consistence  depends  chiefly  upon  the  character  and  abundance  of  the  intercel- 
lular substance.  Every  variety  of  sarcoma  may  in  parts,  some  may  even  through- 
out become  so  rich  in  cells  and  thereby  so  soft,  that  the  special  type  of  the  mother- 
tissue  is  wholly  lost:  sarcoma  MKDULI.are  (fibro-sarc.  med.,  myxo-sarc.  mod.,  etc.), 
or,  since  the  medullary  depends  upon  the  abundance  of  cells  : sarc.  multi-eellulare.  ’ 

The  further  general  properties  of  sarcomata  show  great  differences, 
especially  with  respect  to  the  character  of  the  sarcoma  itself  and  the  kind 
of  organ  affected. 

Sarcomata  are  for  the  most  part  painless. 

Their  influence. .ON  tiie  organ  affected,  and  on  the  whole  organism  de- 
pends chiefly  upon  their  seat  (brain,  spinal  cord,  mediastinum,  etc.),  as 
well  us  upon  their  size,  more  rarely  upon  their  metamorphoses. 


All  sarcomata  which  are  very  rich  in  cells,  especially  in  small  cells,  are  in  high 
degree  suspicious,  and  herein  are  the  small  cell  glio-  and  myxo-sarcomata  hardly 
inferior  to  the  medullary  cancer.  Opposed  to  these  are  the  fibro-sareomata  with 
colossal  spindle-cells,  and  even  the  soft  sarcomata  with  multi-nuclear  giant-cells. 
Further,  malignity  depends  upon  the  organ  affected  : sarcomata  of  the  testicle  tend 
much  more  to  metastasis  than  those  of  the  ovary  ; the  spindle-cell  sarcomata  of  the 
brain  arc  almost  without  exception  solitary,  those  of  the  bones  more  often  multiple  ; 
sarcomata  of  fascia)  afford  a more  favorable  prognosis  than  those  of  mucous  mem- 
branes. An  especially  great  extent  is  reached  by  the  for  the  most  part  very  cellulnr 
sarcomata  of  the  mediastinum,  orbits,  the  deep-lying  cervical  sarcomata,  many  retro- 
peritoneal sarcomata,  many  lying  deep  in  the  extremities,  especially  in  the  thigh, 
many  dilfusc  sarcomata  of  the  uterus.  The  pigmented  medullary  sarcomata  of  the 
interior  of  the  eye  are  by  their  pi-ogrcss  to  the  neighboring  structures,  especially  the 
cerebral  pia  mater,  and  by  their  metastasea,  especially  dangerous. 


The  growth  of  sarcoma  is  sometimes  from  beginning  to  end  slow, 
sometimes  at  first  rapid,  later  slow,  sometimes  rapid  to  the  end. 

Growth  takes  place  sometimes  in  only  one  direction,  sometimes  in  all 
directions  along  the  tissues  from  which  the  sarcoma  took  its  rise : e.g., 
along  the  periosteum,  or  mucous  membrane  in  the  nasal  cavities  and  in  all 
cavities  connected  therewith.  Growth  takes  place  with  especial  preference 
along  the  small  bloodvessels.  Many  sarcomata  are  for  a long  time  seques- 
trated by  more  resistant  surrounding  structures : thus  those  of  the  articu- 
lar extremities  in  the  articular  cartilage,  others  by  fibrous  membranes 
(periosteum,  fasciae,  sclerotic),  by  the  walls  of  large  vessels.  After  over- 
coming these  obstacles,  growth  then  usually  becomes  rapid.  Sarcomata 
either  remain  always  circumscribed,  or  become  in  parts  or  throughout 
diffuse,  i.  e. , pass  to  all  parts  and  tissues  of  the  vicinity. 


PSAMMOMA. 
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I saw  a man.  30  years  old.  affected  by  an  acute  sarcoma  of  the  peritoneum  with 
simultaneous  peritonitis  run  its  course  in  hardly  six  weeks — analogous  to  the  cases 
of  acute  miliary  tuberculosis  and  acute  carcinosis. 

Complete  cure  sometimes  follows  extirpation',  at  other  times  there  is 
recurrence  months  or  years  thereafter,  in  the  cicatrix,  more  rarely  in  the 
proper  lymph-glands  (hence  the  name:  recurring  fibroid).  After  operation 
of  the  hitter,  cure  sometimes  results,  sometimes  one  or  many  return,  in 
some  cases  as  many  as  twenty.  Even  now  perfect  cure  is  still  possible. 
But,  more  frequently,  the  recurring  tumors  are  always  richer  in  cells  and 
diffuse,  and  sarcoma  appears  in  the  vicinity  of  the  mother-nodules,  or  the 
proper  lymph-glands  (which,  however,  not  infrequently  remain  perfectly 
free),  or  in  internal  organs,  most  often  in  the  lungs,  also  in  the  liver  and 
kidneys  (thus  especially  in  sarcomata  of  bones). 

The  retrograde  metamobphoses  of  sarcoma,  which  occur  comparatively 
often  and  are  for  the  most  part  intense,  are : inflammation,  sometimes 
with  consecutive  ulceration  or  ichorizatiou ; laceration  of  vessels;  simple 
atrophy  and  thereby  formation  of  yellow  foci  like  tubercle ; fatty  metamor- 
phosis sometimes  with  consecutive  softening  (anil  in  consequence  of  it  partial 
resorption,  or  ulceration,  or  cyst-formation),  sometimes  with  subsequent 
cheesy  transformation  or  tuberculization  ; calcification. 

The  pauses  of  sarcoma  remain  almost  always  unknown.  Predisposed 
thereto  are  riper  age,  as  well  as  parts,  which  had  been  once  or  oftener  ex- 
posed to  injuries  or  other  irritations. 

On  the  possible  relations  of  sarcoma  with  constitutional  syphilis,  see  Esmarch  (v. 
Washer,  JJeitr.  z.  AetioL  u.  Ther.  d.  Sarcomt.  Kiel.  Diss.,  1872). 


APPENDIX. 


psammoma,  sand-tumor. 

ViRcnow,  Die  krnnkh.  Qmshuc.,  IT.,  p.  107. — Cornii,  et  Ranvier.  Man.  d'hiet. 

1 stilt,  p,  1.1,1. — Goi.ni,  SiiU<t  ttrutt.  s miHu  triUtppn  dryH  I’xtitmwmii  Pavia 
1869. — SciiCppei,,  Arch.  d.  HaUc .,  X.,  p.  410.— Stki  denkr.  Virch  Arch.,  L.,  p. 
2-2. —Arnold,  Jt>..  1871,  LII.,  p.  449.—  Neumann,  Arch.  d.  Heilk .,  XIII.,  p.  306. 

Psammoma  is  u for  the  most  part  very  vascular  tumor  of  fibromatous, 
myxomatous,  or  most  often  of  cellulo-sarcomatous  nature,  which  is  distin- 
guished by  the  constant  occurrence  of  variously  abundant,  round  or  rounded, 
concentrically  laminated  chalky  masses.  The  latter  resembles  the  cerebral 
sand  occurring  constantly  in  the  pineal  gland,  often  in  the  choroid  plexus, 
etc.  Ihe  tumor  occurs  not  infrequently,  single  or  multiple,  on  the  dura 
mater  cerebri  and  in  the  choroid  plexus,  less  often  in  the  brain  and  other 
parts  ot  the  body  (lymph-glands,  spleen,  jauitoneum,  orbits,  etc.).  Their 
consequences  depend  especially  upon  their  seat. 

% I RCIIOW  first  described  psammoma.  In  SciiCppel’s  case  there  was  at  the  same 
tune  a colossal  thickening  of  the  jiericranium.  According  to  S.  the  bloodvessels, 
present  m great  abundance,  determine  the  starting-point  of  the  tumor’s  develop- 
ment, and  also  from  them  proceed  the  sand-bodies;  their  organic  base  is  the  obsolete 
\ascular  processes.  Also,  according  to  CORNIL  and  Ranvier.  the  sand-bodies  of 
t ic  choroid  plexus  arise  within  the  vascular  buds  or  ampulla-form  dilatations  of  the 
vessels  ot  the  plexus  os  true  phleboliths.  They  likewise  appear  in  like  tumors  of 
the  dura  mater  (so-called  tar  dime*  angiolithiqiic*).  Stkudeneu.  on  the  other 
land,  regards  those  tumors  only  as  psammoma,  whose  tissue  by  its  slow  growth  and 
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almost  want  of  tendency  to  multiplicity  stands  midway  between  fibroma  proper  and 
solid  spindle-cell  sarcoma.  Into  this  tissue  numerous  chalky  bodies  of  the  appear- 
ance and  properties  of  cerebral  sand  are  deposited.  According  to  Arnold,  chalky 
globules  and  rods  are  formed  by  petrifaction  of  the  contents  of  the  vessels,  by  local 
petrifaction  of  the  vessel  itself,  by  local  increase  and  petrifaction  of  the  adventitia ; 
also  by  calcification  of  connective-tissue  bundles,  by  that  of  cell-groups;  a part 
finally  are  true  concretions  of  non-organ ic  origin. 


2.  SYPHILOMA. 

(Tuberculum  s.  gumma  syphiliticum.  Tumor  gummosus,  gummy  tumor.) 

Paco hd,  Traite  prat,  des  mat.  vener.,  1838. — Dittrich,  Prag.  Vtljschr .,  1849,  I., 
II. — Barensfrcjno,  Deutsche  Klin,.,  1858,  No.  17;  Ann.  d.  Char. , IX. , p.  110. — 
Virchow,  Arch..  1858,  XV.,  p.  217 ; Die  krkh.  Gcschw.,  II.,  p.  893. — Wilks, 
Transact,  of  Path.  Sue.,  Load..  1858,  et  seq. — Lebkrt,  Ildh.  cl.  pract.  Med.,  1859,  I., 
p.  370.— Cii.vs8atc.nac,  AUg.  Wien.  med.  Ztg  . 1859,  No.  50.— Robin,  In  van  Ordt, 
Des  tumeurs  gommenses , 1859,  No.  44. — Sternberg,  J).  syphil.  Hjemdidehe,  i860. 
— Buhl  (-Lindwurm),  Wicrzb.  med.  Ztschr.,  1863,  III. , p.  154. — E.  Wagner,  Arch, 
d.  Ifeilk.,  1863,  IV.,  p.  1,  161,  221,  356;  V.,  p.  121;  Univ.- Programme.,  1863; 
De  syphilomate  ventrieuli. — Wegner,  Virch.  Arch.,  L.,  p.  305. — Oed.mannson, 
JVord.  Medic.  Ark..,  1871,  I.,  No.  18. 

Consult  besides,  the  literature  of  Syphilis  in  general ; the  text-books  of  patho- 
logical anatomy  of  Rokitansky,  Rindfleibcii,  Klebs,  Green. 

Syphiloma  is  a now-formation  of  varying  extent,  dependent  upon  consti- 
tutional syphilis,  apparently  circumscribed  or  diffuse,  and  occurring  in 
almost  all  tissues  and  organs,  its  essential  elements  are  similar  to  the 
colorless  blood-corpuscles,  for  the  most  part  cells  with  a single  and  large 
nucleus  and  free  nuclei,  which,  single  or  few  in  number,  are  imbedded  in  a 
connective  tissue  poor  in  vessels. 

Syphiloma  shows  manifold  transitions,  for  the  most  part  recognizable 
in  the  fresh  state,  to  many  forms  of  granulation  tissue  and  to  many  sarco- 
mata. 

Syphiloma  occurs  in  all  vascular  tissues  and  organs : most  frequently  in 
the  skin,  especially  of  the  genitals  and  anus  (indurated  chancre,  broad  con- 
dylomata,  larger  so-called  gummata),  in  the  subjacent  parts,  especially  the 
subcutaneous  connective  tissue,  in  the  muscles,  periosteum  and  osseous  tis- 
sue, liver;  more  rarely  in  the  testicles,  epididymis  and  its  membranes;  in 
the  dura  mater  and  pia  mater ; in  the  mucous  membrane  and  other  mem- 
branes of  the  mouth,  tongue,  throat,  stomach,  large  and  small  intestines,  in 
those  of  the  larynx,  trachea  and  bronchi ; in  the  spleen,  pancreas,  lungs, 
brain,  heart  and  great  vessels,  thyroid  gland,  kidneys. 

Syphiloma,  in  the  fresh  state,  is  represented  by  a grayish  red,  soft, 
homogeneous  mass,  sometimes  presenting  scattered  blood-points,  and  with- 
out fluid,  or  affording  a scanty  mucous,  clear  or  clouded  liquor.  It  either 
forms,  in  membranes  as  well  as  in  parenchymata,  nodular  masses  of  the 
most  varying  size,  from  that  of  a millet-seed  to  that  of  the  fist,  of  a round, 
rounded,  or  irregular  form,  sometimes  with  an  apparently  sharply  defined 
boundary ; or  it  assumes,  especially  in  membranes,  more  rarely  in  parenchy- 
mata (lungs,  liver,  spleen),  the  form  of  diffuse  infiltrations  of  the  most 
varying  extent;  or  finally,  nodular  masses  occur  in  a diffuse  infiltration 
(lungs,  liver). 

After  a varying  existence,  syphiloma  passes  either  into  simple  atrophy 
with  scanty  fatty  metamorphosis,  or  into  ulceration  or  formation  of 
cavities;  or  both  occur  simultaneously.  In  the  former  case  the  new-for- 
tnation  gradually  becomes  gray  or  yellowish-gray,  firmer,  drier,  juiceless; 
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at.  first  for  the  most  part  only  in  the  centre,  more  rarely  also  in  the  peri- 
phery. The  limit  between  the  reddish  gray  and  yellow  parts  is  usually 
distinct.  In  the  other  case  irregularly  depressed  ulcers  of  varying  size 
occur  on  the  surface  of  the  skin  or  mucous  membrane ; in  parenchymatous 
organs,  as  well  as  in  nodular  infiltration  of  superficial  tissues  cavities  are 
formed,  which  contain  in  a serous  or  mucous  liquid  the  remains  of  the 
firmer  or  cheesy  mass. 

Microscopically,  syphiloma  consists  of  cells  or  nuclei,  or  of  both  at  the 
same  time,  so  that  sometimes  the  former,  sometimes  the  latter  exceed  in 
number.  Young  syphilomata,  as  well  as  the  peripheral  parts  of  older 
ones,  contain  for  the  most  part  ouly  nuclei,  or  nuclei  and  isolated  cells;  the 
older  syphilomata,  not  yet  very  atrophic,  consist  for  the  most  part  only  of 
cells  or  of  cells  with  few  nuclei.  The  NUCLEI  offer  nothing  characteristic. 
They  are  from  0.01  to  0.02  mm.  large,  round  or  rounded,  or  somewhat 
angular,  rather  rarely  show  processes  of  division,  and  contain  for  the 
most  part  a distinct  nucleolus.  The  cells  resemble  most  uni-nucleate 
colorless  blood-corpuscles.  Their  size  varies,  however,  sometimes  between 
0.01  and  0.03  mm.  ; some  are  even  still  larger.  Their  form  is  for  the 
most  part  round,  sometimes  oval,  or  angular  with  flattened  sides  when 
they  press  against  one  another.  The  cell-membrane  is  almost  always 
distinct,  its  contents  moderately  granular;  the  nucleus,  centrally  or  eccen- 
trically located,  is  for  the  most  part  single,  rarely  double,  and  for  the  most 
part  comparatively  large. 

The  relation  of  the  cells  and  nuclei  to  the  surrounding  substance  is  char- 
acteristic. The  former  lie  oftenest  isolated  in  very  small  hollow  spaces 
surrounded  bv  connective  tissue.  The  latter  is  for  the  most  part  so  scanty, 
that  between  the  single  cells  only  tine  connective -tissue  fibril  la*  are  visible. 
Besides  the  forms  named,  there  is  not  infrequently  found  also  those,  where 
more  than  one  cell,  ten  and  even  more  cells  are  within  one  alveolus.  If  very 
fine  sections  l>e  brushed,  there  will  appear  after  removal  of  the  cells  either 
ti*ue  alveoli,  t.«.,  sharply  defined,  empty,  round  or  oval  spaces;  or  in  the 
previously  apparently  simple  alveolus  are  seen  the  finest  fibrilhe,  which 
sometimes  again  form  very  small  Hnd  distinct  alveoli  within  the  large 
alveoli. 

I he  connective  tissue  in  which  cells  and  nuclei  are  imbedded  is  some- 
thin* present  in  large  quantity,  as  often  in  the  corium  of  the  skin  and 
mucous  membranes,  in  the  connecting  cellular  matter  of  organs  or  parts  of 
organs ; sometimes  it  is  scanty,  as  in  membranes  of  organic  muscular  fibres, 
in  elastic  membranes,  in  parenchymata  poor  in  connective  tissue  (liver, 
lungs,  brain,  etc.).  That  connective  tissue  occurs  sometimes  very  abund- 
antly in  older  syphilomata,  so  that  apparently  only  callous  masses  are 
present,  is  the  consequence  of  simple  and  fatty  atrophy  and  subsequent 
resorption  of  the  cellular  elements.  The  capillaries  and  larger  vessels  of 
the  cellular  infiltrated  tissue  appear  to  suffer  only  slight  changes. 

Biepiadecki  (l  nt-er*.,  1872.  p.  5)  found  the  lymphatics  in  an  indurated  chancre 
dilated  and  filled  with  tiuid  and  cells. 


I lie  most  frequent  metamorphosis  of  syphiloma  is  simple  atrophy  of 
the  cells  and  nuclei,  for  the  most  part  simultaneously  with  slight,  rarely 
with  high  degrees  of  fatty  metamorphosis.  Both  metamorphoses  affect, 
tor  the  most  part  at  first,  the  central  and  oldest  portion  of  the  new- forma- 
tion, whence  they  always  extend  outward  toward  the  periphery,  so  that 
the  latter  sometimes  only  microscopically  shows  elements  still  unchanged. 
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Through  these  metamorphoses  ulcers  arise,  in  diffuse  superficial  extension 
on  the  skin  and  mucous  membranes,  cavern  like  cavities  in  moderate 
nodular  infiltration  in  membranes  and  parenchymata.  If  this  atrophy  hap- 
pen remote  from  the  surface  of  the  skin  or  mucous  membrane,  and  the 
highest  layers  of  these  be  only  little  or  not  at  all  infiltrated,  there  will  ap- 
pear on  their  surface  points  resembling  cicatrices,  on  which  are  truly 
cicatricial.  Haemorrhages,  and  metamorphoses  of  the  extravasation  into 
pigment  are  only  rarely  found  in  syphiloma. 

Connective  tissue,  especially  the  adventitia  of  vessels,  forms  the  point  of 
departure  of  syphiloma.  In  some  organs,  which  are  especially  poor  in  con- 
nective tissue,  the  cells  and  nuclei  of  syphiloma  arise  by  the  growth  of  the 
nuclei  of  the  capillaries,  with  subsequent  fibrous  metamorphosis  of  the 
capillary  wall : thus  in  the  brain,  liver,  etc. 

In  most  cases  the  cells  and  nuclei  are  the  only  new  formation  of  syphi- 
loma. But  not  infrequently  a simultaneous  new-formation  of  connective 
tissue  undoubtedly  takes  place,  especially  in  parenchymatous  organs  poor 
in  connective  tissue  (brain,  liver,  spleen,  etc.). 

The  hardness  of  indurated  chancre  depends  not  only  on  the  dryness  of 
the  tissue  and  in  the  cellular  infiltration,  but  also  on  a new-formation  of 
connective- tissue  fibres  (Biesiadkuki,  1.  c.,  j*.  7). 

Most  probably  there  also  occurs  a peculiar  affection  of  the  arteries  in 
constitutional  syphilis : this  has  been  investigated  especially  with  respect  to 
the  brain  (Passavant,  Heubner,  Flechsig). 

The  influence  of  syphiloma  on  the  organism  depends  upon  the  fact, 
that  the  affected  portions  of  the  membranes  and  parenchymata  are  more  or 
less  incapable  of  function  : partly  upon  the  deposit  of  cells  and  especially  of 
nuclei ; upon  compression  or  secondary  atrophy  of  the  capillaries,  gland- 
cells,  nerve-fibres,  ganglion-cells,  etc.  In  canals  (air  passages,  etc.)  there 
results,  besides,  a contraction  of  them,  which  exerts  an  inlluenoe  varying 
with  the  locality,  extent  of  the  contraction,  etc.  (so-called  syphilitic  steno- 
sis of  the  larynx,  trachea,  portal  vein)  ; in  cavities  containing  air  these 
become  smaller  even  to  a complete  evacuation  of  the  air  (so-called  syphilitic 
pneumonia).  In  consequence  of  cicatrization  there  result  the  so-called 
lobings  of  the  liver,  tongue,  tonsils,  etc. 

If  the  membrane  affected  form  at  the  same  time  a matrix  for  the  parts 
supported  by  it,  e.f/.,  epithelium,  the  nutrition  of  this  will  suffer,  especially 
if  cellular  infiltration  affects  chiefly  the  superficial  layers.  This  is  seen  in 
the  common  portions  of  the  skin,  mucous  membrane  of  tlie  mouth  and 
throat;  also  in  the  nails  (syphilitic  onychia). 

In  rare  cases,  after  a long  duration  of  common  syphiloma,  there  occurs 
one  of  the  very  numerous  miliary  new-formations  similar  to  general  miliary 
tuberculosis  and  carcinosis,  and  spread  over  many  organs.  These  new- 
formations  at  first  show  the  structure  of  syphiloma,  and  furnish  a form 
clinically  similar  to  acute  tuberculosis. 

Syphiloma  in  its  relations  to  other  new-formations  differs  in  most 
respects  essentially  from  them  all. 

In  the  first  place,  syphiloma  is  essentially  different  .utioi.ootcally.  The  predis- 
position thereto  is  general,  like  pus-formation.  Syphiloma  occurs  at  every  age  ; it 
is  especially  frequent  in  the  foetus,  in  each  sex.  (Concerning  bone-syphilis  occurring 
in  the  foetus:  so-called  osteochondritis  syphilitica  at  the  points  of  transition  of  the 
diaphy.ses  to  epiphysal  cartilages — consult  Wegner;  Waldeyer  and  Kobni-.r, 

] ire  ft.  Arch .,  LV. , p 307.*) — The  exciting  causes  of  syphiloma  are  better  known  than 
those  of  other  new-formations.  

* Consult  It.  W.  Taylor.  Si/jifulitic  Lesions  of  (fie  Osseous  System  in  Infants  and 
Young  Children.  X.  Y.,  1875. — [Bt>.] 
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The  SYMPTOMATOLOGY  also  of  syphiloma  is  in  many  cases  very  distinct.  In 
general  the  symptoms  in  so-called  secondary  syphilis  are  acute;  the  pathological 
disturbances  are  partly  congestive  hypencmia,  partly  superficial,  in  part  deeper 
inflammations  with  sometimes  scanty,  sometimes  abundant  exudation.  On  the  other 
hand,  in  the  so-called  tertiary  period  the  symptoms  are  on  the  average  chronic:  the 
new -formations,  as  well  as  the  sometimes  resulting  gangrenous  processes,  appear 
slowly,  hist  a longer  time  and  retrograde  slowly,  for  the  most  part  with  loss  of  sub- 
stance. 

The  gross  and  MICROSCOPIC  A I,  TEXTURE  of  syphiloma  are  in  most  cases  so  char- 
acteristic, that  confusion  with  other  new-formations  is  impossible.  Syphiloma  fur- 
nishes most  analogies  in  structure,  as  well  as  in  the  form  of  its  occurrence,  growth, 
origin,  influence  on  the  mother-tissue,  on  the  surrounding  tissues  and  the  whole 
organism  : in  its  diffuse  form,  with  many  diffuse  or  so-called  infiltrated  suppurations, 
with  the  granulation-tissue  in  so-called  tumor  ulbus  of  the  joints,  with  granular  and 
trachomatous  affections  of  mucous  membranes,  with  the  diffuse  new-formation  of 
tul>ercle,  lymphoma,  cancer ; in  its  apjiearance  as  tumors  with  many  abscesses,  sar- 
comata, and  cancers.  A comparison  with  lupus  and  tubercle  is  inadmissible. 

Whilst  I refer  to  the  literature  of  syphiloma  of  individual  tissues  and  organs  I 
give  promineuoe  only  to  many  affections,  which,  partly  on  account  of  the  simulta- 
neous occurrence  of  other  syphilitic  affections,  in  part  finally  from  the  gross  ana- 
tomical and  especially  histological  character  belong  doubtless  to  syphiloma.  They 
are  : many  cases  of  lupus,  many  cutaneous  ulcers  belonging  to  no  known  affection, 
many  peculiar  affections  of  the  dura  mater  and  pia  mater,  many  tubercles  of  the 
meninges  and  brain,  many  laryngeal  tumors,  the  so-called  white  hepatization  of  the 
lungs  of  the  fintus,  some  cases  of  peculiar  pulmonary  tuberculcs,  many  affections  of 
the  liver  until  now  referred  to  inflammation  with  formation  of  cicatrix,  many  oases 
of  so-called  gh/iaati*  dincc.aa*.  many  tubercles  of  the  spleen,  many  cases  of  so- 
called  hypertrophy  of  all  the  membranes  of  the  stomach,  many  intestinal  ulcers. 

On  syphilis  op  the  pi.u  knta  consult : Virchow,  Arch.,  XXI.,  p.  118.—  Gus- 
bkrow  Klkbs,  Ih,  XXVII.,  p.  321. — It  Maier,  lb.,  XLV.,  p.  317. — Slav  i an  sky, 
Brag.  Ytljttchr.,  1871,  CIX.,  p.  130. — Kleinwaciitkh,  lb.,  CXIV.,  p.  93.— Oed- 
mannson,  Hard.  mod.  Arrk..  I.,  4.  H.,  p.  73. — Ehcoi.ani,  I)M(  maiatie  dtlbi 
placenta,  1871. — HknN'IG,  Mud  >'tb.  d.  Ban  d.  mcntchl.  Bloc  . 1872. 

According  to  Frankkl  (Arch.  f.  liyiuik.,  1873.  V.,  p.  1)  there  are  many  forms  of 
syphilis  affecting  the  placenta.  If  the  mother  remains  healthy  and  the  syphilis  is 
conveyed  by  the  father  directly  to  the  ovum,  the  villi  of  the  foetal  plaeeuta  will  show 
deforming  cellular  granulation  growth  with  obliteration  of  the  vessels,  more  often 
also  strong  growth  of  the  epithelium  of  the  villi.  If,  on  the  other  hand,  the  mother 
is  syphilitic,  there  aro  three  possibilities : a.  the  mother  by  the  act  of  conception 
becomes  syphilitic  simultaneously  with  the  foetus : then  for  the  most  part  there  will 
arise  in  the  placenta  diffuse  syphilis  of  the  villi,  sometimes  also,  endometritis 
placentaris; — b.  if  already  before  conception  or  soon  after,  the  mother  Incomes 
affected:  the  placenta  will  remain  normal,  or  show  mdometritu  pUicenlario  gum- 
humh  or  dcadutUi*  ; — e.  if  the  mother  becomes  affected  from  the  seventh  to  the  tenth 
month:  there  will,  for  the  most  part,  be  a normal  placenta  and  normal  foetus. 


3.  LUPI'8. 

Berger,  Din.  de  lupo.,  1849.—  Martin,  IUw-tr.  mcd.  Zed..  1852.  I.— Pohl, 
’ ,r8*-  4r«A.,  1854.  VI.,  p.  174. — Mohs.  De  lupi  forma  et  otrnctura  non  a.  Lips., 
l85o. — Auspitz.  Octtr.  mcd.  Jahrb.,  1864. — Gkdimxos,  Bor.  cL  k.  Acad.,  1888, 
L\  11. — \ irchow,  lHc  kmnkh.  Gcschic.,  II.,  A.,  p.  488. — OCtkrbock.  Yirch.  Arch., 
1871,  L1IL,  p.  314.  ' 

Lupus  new- form atiok  consists  of  nuclei  and  cells,  which  form  a diffuse 
or  nodular  infiltration  of  thw  coriurn  of  certain  parts  of  the  skin  (esj>ecially 
of  the  face)  and  sometimes  of  the  bordering  mucous  membranes.  The 
new-formed  nuclei  have  nothing  characteiistic ; they  are  for  the  most  part 
round,  more  rarely  oval,  small  or  of  medium  size.  Cells  are  sometimes 
entirely  wanting,  or  are  present  in  slight  quantity,  or  they  form  the  chief 
element ; they  resemble  sometimes  uninuclear  colorless  blood-corpuscles, 
some  tunes  they  ate  larger,  rounded  or  irregular,  sometimes  they  in  part 
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resemble  epithelium.  All  these  elements  lie  for  the  most  part  in  a scai.ty 
or  somewhat  abundant  basis  substance.  Sometimes  most  of  the  above 
cells  resemble  common  pus-cells.  Sometimes  spindle-shaped  cells,  similar 
to  those  of  sarcoma,  are  more  or  less  abundant.  A new-formation  of  capil- 
laries is  still  doubtful.  The  epithelium  of  the  gland-ducts  or  glandular  ex- 
tremities and  of  the  hair  follicles,  accumulates  in  large  quantities,  are  con- 
centrically laminated,  and  then  are  often  macroscopically  visible. 

The  elements  of  lupus  show  still  further  differences  with  respect  to 
arrangement,  extent,  metamorphoses,  etc.  They  most  frequently  form 
very  small  (to  and  above  the  size  of  a pea),  rounded,  reddish  or  brownish 
nodules,  between  which  the  skin  or  mucous  membrane  is  not  normal,  but 
exhibits  like  changes  in  less  degree.  This  uniform  or  nodular  infiltration 
sometimes  does  not  extend  to  the  upper  surface  of  the  corium : the  skin  or 
mucous  membrane  above  appears  normal  or  shows  a moderate  scaling,  until 
after  a varying  time  the  lupus  elements  are  resorbed  and  there  is  left 
behind  a smooth  or  radiating  cicatrix.  This  is  lupus  non  EXEDEN’s  ; or  if 
there  occurs  a more  abundant  exfoliation  of  the  surface,  lupus  exfolia- 
tives. If  the  nodules  or  uniform  infiltration  are  more  marked,  the  new- 
formation  is  called  lupus  hypertropiiiuus.  If  the  new-formed  elements 
perish,  after  that  they  have  reached  the  surface  of  the  skin  or  mucous 
membrane,  and  ulcers  result,  which  for  the  most  are  covered  with  crusts, 
their  base  consisting  of  lupus  masses,  then  there  arises  lupus  exejjens, 
vel  EXULUERANS,  vel  RODENS,  vel  ESTHIOMENOS. 

From  the  above  representation  it  follows,  that  not  only  the  various  kinds  of  lupus 
are  founded  only  on  the  different  modes  of  extension,  various  metamorphoses,  etc., 
but  the  new-fonnation  itself  shows  manifold  analogies  with  many  acute  and  chronic 
formations,  with  typhous  and  carcinomatous  formations  and  especially  with  syphi- 
loma. Of  especially  practical  importance  is  the  so-called  syphilitic  lupus,  which, 
if  it  occurs  without  other  syphilitic  affections,  is  only  little  or  not  at  all  character- 
istic, but  yields  to  anti-syphilitic  treatment. 

It  ini)  F le  iso  ii  (Lehrb. , 1871,  p.  290)  regards  lupus  as  a peculiar  adenoma  of  the 
sebaceous  and  sweat  glands : the  body  of  the  sebaceous  gland  becomes  about  five 
times  larger,  the  root  sheath  of  the  hair  presents  here  and  there,  in  place  of  flat  epi- 
dermal cells,  large  vesicular  forms ; the  hair  itself  disappears,  etc.  The  small  cell 
infiltration  is.  according  to  R. , secondary,  according  to  others  primary. 

With  Auspitz  (L  c. ),  Frikdlander  (Med.  Ctrlbl. , 1872,  No.  43)  also  found  that 
lupus  stands  histologi cully  in  a very  near  relation  to  scrofulo-tuberculous  affec- 
tions. 

Buscn  (Arch.  f.  klin.  cliir.,  1872,  XV.,  p.  48)  describes  an  epithelioma-form  of 
lupus.  This  agrees  in  structure  most  with  the  so-called  yaws  or  framboesia,  whilst 
also  here  at  first  there  appear  papulous  and  nodular,  later  soft,  fungous,  condyloma- 
tous  excrescences.  This  form  of  Inpus  has  its  favorite  seat  in  the  extremities, 
especially  their  extensor  side.  Numerous  processes  and  club-shaped  projections, 
which  have  a blunt  extremity  or  are  branched  dendritically,  consisting  wholly  of 
epithelial  cells,  project  from  the  surface  into  the  common  lupus  tissue.  The  disease 
runs  a very  chronic  course.  It  is  followed,  according  to  its  extent,  depth,  etc.,  by 
necrosis  of  the  bones,  formation  of  strong,  contracted  cicatrices,  etc.,  and  almost 
always  heals,  and  is  therefore  with  respect  to  life,  harmless. 


4.  LEPRA. 

Boeck  and  Da  melt,  sen,  Om  Spedalskhed , 1847 ; Trait ' de  la  spedalsked  ou  ele- 
phantiasis des  Grecs.  Paris.  1848.— Forster,  Path.  Anal.,  2.  Aufl.,  I.,  p.  455. 

Lepra,  elephantiasis  gras  GO  rum,  leprosy,  formerly  spread  over  all  Europe 
and  also  'in  Germany,  is  now  found  in  Europe  only  in  Iceland,  Norway  (spedal- 
skhed), the  Baltic  sea  provinces  of  Russia,  and  in  the  countries  bordering  on  the 
Caspian  and  Mediterranean  seas  ; besides  in  Asia  Minor,  Arabia,  Egypt,  India,  China 
and  a few  points  in  America.  In  many  regions  it  appears  as  a wide-spread  endemic, 
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in  others  only  to  a small  extent,  affecting  every  age  of  life,  but  for  the  most  part 
between  the  tenth  and  twentieth  years ; cure  is  very  rare.  Death  generally  results 
from  anannia,  atrophy,  profuse  diarrhajas,  pneumonia,  pleuritis,  or  meningitis. 

The  common  form  of  lepra,  I.EPRA  tuberculosa,  is  characterized  by  a nodular 
formation.  There  are  developed  in  the  skin  and  in  many  other  organs  tumors  which 
by  their  whole  nature  belong  to  the  lymph-cell  tumors.  These  vary  in  size  from  that 
of  a pea  to  that  of  a hazel-nut,  sharply  circumscribed,  at  first  dense,  with  a 
smooth,  homogeneous  section,  but  soon  they  become  soft,  pap-like,  and  liquefy, 
whereby  the  included  tissues  are  destroyed  with  them,  resulting  in  the  formation 
of  cavities  and  ulcers ; their  color  is  yellowish-white.  The  microscope  shows 
that  the  tumors  are  for  the  most  part  composed  of  round  grauular  cells,  like 
lymph-cells,  between  which  is  found  a granular  albuminous  substance.  The 
nodules  are  at  first  small,  and  grow  by  continuation  of  the  new-formation  in 
the  periphery  for  a long  time,  until  they  reach  their  size  and  then  perish. 
Sometimes  there  is  a secondary  extension  to  the  lymph-glands.  Lepra-nodules 
are  developed,  under  preceding  red  spots,  at  first  in  the  skin  and  in  the  eorium 
itself,  especially  of  the  face,  but  also  of  the  trunk  and  extremities.  Primarily 
they  always  appear  multiple : they  are  at  first  hard,  but  they  gradually  soften, 
break  through  the  skin  and  form  ulcers,  which  are  for  the  most  part  covered  with 
thick  cru.st,  in  which  in  Norway  numberless  itch-mites  are  found.  Sometimes  the 
nodules  before  breaking  through  gradually  disappear  again  ; iu  rare  cases,  in  which 
the  ulcers  heal,  are  formed  whit*;,  radiate,  fibrous  cicatrices.  The  nodular  forma- 
tion and  ulceration  extend  also  to  the  eyelids,  conjunctiva,  the  mucous  membrane 
of  the  mouth,  the  tongue,  the  nasal  cavities,  especially  the  septum,  the  mucous 
membrane  of  the  larynx,  trachea  and  bronchi;  then  to  the  muoous  membrane  of  the 
intestines,  uterus  and  tubes.  Numerous  nodules  are  also  found  in  the  serous  mem- 
branes, in  the  liver,  spleen  and  kidneys,  secondarily  in  cervical,  bronchial,  mesen- 
teric. and  cceliac  glands.  The  lung  always  remains  free  (in  internal  organs  the  dis- 
tinction is  hereby  made  from  tuberculosis,  with  which  lepra  otherwise  Las  great 
similarity). 

In  the  other  form  of  lepra,  lepra  an.estiiktka,  the  nodules  are  absent ; on  the 
other  hand,  there  is  found  on  the  surface  of  the  spinal  cord  a thick  yellow,  dense 
mass,  which  acts  like  a fibrinous  or  albuminous  exudation,  but  probably  represents  a 
diffuse  new-formation  of  the  same  character  as  the  lepra-nodules.  By  these  masses 
the  spiual  cord  becomes  atrophic,  and  then  there  results  paralysis  of  sensation,  later 
also  of  motion  with  alteration  of  nutrition,  which  is  manifested  as  mummification 
and  necrosis  of  the  skin,  gangrene  of  the  fingers  and  toes  and  throwing  off  of  these. 
In  some  cases  lepra  tuberculosa  and  aruesthetica  are  combined  in  the  same  indi- 
vidual. 


5.  CONNECTIVE-TISSUE  CANCER  (MEDULLARY  CANCKIl). 

Of  the  two  chief  forms  of  cancer  new-formation,  the  epithelial  ami  the 
connective  tissue,  the  latter  should  lie  considered  here.  But  for  many 
reasons  both  forms  of  cancer  will  be  considered  together,  infra. 

XI.  NEW-FORMATION  OF  CYTOGKNIC  TISSUE 
(ADENOID  SUBSTANCE,  RETICULAR  CONNECTIVE  TISSUE). 

Consult  the  works  on  normal  and  pathological  histology  of  Billroth.  Hrs,  Vir- 
chow, Henle,  Kollikeh,  Heidenhain,  Frey.  Schmidt.  E<  khakd.  W.  Mi  ller, 
Stikda.  Lcschka,  Krause,  Boll.  Rollet,  Recklinghausen,  the  author,  as 
well  as  the  literature  of  typhous  and  leucocythcemic  new-formation. 

Cytooexic  or  adenoid  or  reticular  connective  tissue,  formely  called 
false  or  conglobate  glandular  TISSUE,  consists  of  a vascular  fibrous  frame- 
work and  of  cells.  The  former  forms,  about  the  vessels  or  independently, 
net-works  of  either  stellate  nuclear  or  non-nuclear  cells,  which  proceed  from 
the  cellular  net-work,  trabecula;,  affording  gelatin  or  albumen,  similar  to 
connective  tissue  or  elastic  tissue,  which  resist  acids,  but  not  caustic  alka- 
lies. The  cells,  with  little  fluid,  fill  the  round  or  angular  meshes  of  the 
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framework  as  dense  masses.  They  resemble  the  colorless  corpuscles  of  the 
blood  and  lymph,  or  are  free  nuclei.  They  increase  actively,  and  so  in 
many  places  serve  as  compensation  for  those  which  pass  out  of  the  affected 
organs  into  the  lymph  and  bloodvessels.  Cytogenic  substance  is  found  in 
the  lymph-glands,  in  the  pulp  and  Malpighian  bodies  of  the  spleen,  in  the 
tonsils,  in  the  glands  at  the  root  of  the  tongue  and  in  the  pharynx,  in  the 
gastric  and  intestinal  follicles,  in  the  mucous  membrane  of  the  stomach  and 
intestines,  in  the  thymus,  etc.  It  is  sometimes  contained  iy.  follicles,  some- 
times in  masses  and  without  defined  limit  in  the  more  common  connective 
tissue. 

New-formation  of  cytogenic  substance  is  of  frequent  occurrence,  in 
form  of  hypertrophy,  as  well  as  of  tumor.  The  latter  is  more  rarely 
hyperplastic  aud  then  shows  numerous  transitions  to  hypertrophy ; it  is 
much  more  often  heteroplastic.  A regeneration  of  cytogenic  tissue  in  its 
entirety  is  not  yet  certainly  known. 

Most  of  the  processes  here  concerned  are  not  so  sharply  defined  as  is  the 
case  in  new-formation  of  other  tissues,  but  in  part  pass  into  one  another,  in 
part  into  many  acute  and  chronic  inflammations  aud  into  some  new-forma- 
tions  already  described,  glioma  and  sarcoma.  Besides,  our  histological 
knowledge  with  respect  to  the  new-formations  in  question  is  often  insuffi- 
cient to  authorize  us  to  establish  more  sharply  defined  limits.  The  mode 
of  origin  of  cytogenic  tissue  is  not  yet  known  with  certainty,  and  even  the 
derivation  of  the  round  cells  lying  in  the  spaces  of  the  tissue  is  not  infre- 
quently doubtful : they  may  proceed  from  the  net-work,  or  be  introduced 
with  the  lymph,  or  have  migrated  from  out  of  the  bloodvessels.  Still  more 
imperfect  is  our  physiological  knowledge  of  normal,  as  well  as  of  the  new- 
formed  cytogenic  tissue:  for  while  the  small  round  cells  formed  in  many 
hypertrophies  of  this  kind  serve  in  some  cases  for  the  increase  of  colorless 
blood-corpuscles  (many  acute  diseases,  such  as  typhoid  aud  puerperal 
fevers,  and  especially  leucocj  tlnemia),  nothing  similar  is  known  of  most 
other  new-formations,  which  are  the  same  or  similar,  macroscopically  and 
microscopically. 


On  the  development  of  normal  cytogenic  tissue,  see  also  Sertoli,  Wien.  acad. 
SiUgsber. , L1V. , p.  149. 


A.  Hyperplastic  formation,  or  true  hypertrophy  of  cytogenic  tissue. 

Hyperplasias  of  cytogenic  tissue  are  frequent,  acute  or  chronic,  local 
or  wide-spread.  The  organs  affected  increase  in  various  degrees  in  volume. 

Hypertrophy  of  cytogenic  tissue  affects  either  only  its  soft  cellular  parts, 
or  all  its  elements.  Hypertrophy  of  the  cells  consists  sometimes  only 
in  their  enlargement  and  in  an  increase  of  the  intercellular  fluid  ( e.g .,  so- 
called  catarrh  of  the  lymph-glands),  sometimes  and  much  more  frequently 
in  an  increase  of  their  number  : hyperplasia  of  the  juice.  But  since  the 
cells  of  the  tissue  of  the  lymph-glands,  spleen,  etc.,  are  not  to  be  distin- 
guished from  colorless  blood-corpuscles  and  [ms-corpuscles,  they  are  identical 
therewith,  since  also  the  causes  of  the  hyperplasia*  and  inflammations  coin- 
cide in  many  respects,  so  for  the  most  part  there  remains  no  limit  between 
the  two  processes  until  further  processes,  especially  abscess-formation, 
make  their  appearance.  Hypertrophy  of  the  vascular  fibrous  framework 
rarely  occurs  alone,  but  for  the  most  part  with  increase  of  cells. 


enlargement  of  lymphatic  glands. 
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a.  Hypertrophy  of  lymph-glands 

is  rarely  primary,  offcener  secondary ; it  is  acute,  subacute  and  chronic. 
The  following  forms  are  distinguished : 

a.  The  pure  hyperplastic  form,  in  which  there  results  a new-formation  of 
follicles,  lymph-channels,  and  bloodvessels  ; 

fi.  The  hypertrophic  form,  wherein  the  follicles,  as  well  as  vessels,  are 
enlarged  by  increase  of  all  their  elements ; 

y.  That  form,  in  which  the  follicles  increase  in  size,  by  simple  increase  of 
the  juice  of  the  lymph-glands ; 

8.  That  form,  wherein  the  trabecula)  and  capsule,  by  infiltration  with 
lymph-cells,  are  metamorphosed  into  a tissue  like  that  of  the  follicular  sub- 
stance, so  that  the  structure  of  the  gland  at  all  points  is  perfectly  uniform. 

The  first  two  and  last  forms  are  mostly  chronic,  the  latter  forms  the 
lympho  sarcoma  proper  of  surgeons;  the  third  form  is  acute  and  represents 
the  common  non-  or  half-inflammatory  swellings  of  the  lymph-glands. 

According  to  W.  MOli.er  (Z.  f.  nit.  Mid.,  CXX  , p.  119),  all  the  elements  parti- 
cipate in  true  hyperplasia  of  the  lymph-glands.  The  sub-capsular,  so-called  envelop- 
ing spaces  are  retained  in  part  even  with  considerable  enlargement  of  the  glands.  The 
tissue  of  the  lymph-channels  shows  a preponderating  embryonic  character,  consisting 
of  a granular,  striated,  pale  basis  substance  containing  delicate  nuclei,  which 
increase  by  division.  The  new-formation  of  lymph-glands  results  in  such  manner 
that  in  this  embryonic  tissue  of  the  lymph-channel,  delicate  connecting  fibres 
npi>ear  between  the  lymph-glands,  which  are  connected  with  the  offshoots  of  adja- 
cent capillaries,  and  are  in  part  transformed  iuto  thin-walled  capillaries.  These 
vascular  connecting  fibres,  enveloped  with  lymph-corpuscles  which  proceed  from 
a part  of  the  embryonal  nuclei,  become  lymph-tubes,  in  which  there  later  appears  the 
fibrous  net-work  and  a distinct  incomplete  boundary  lamella.  Some  portions  of  the 
fibrous  net-work  may  also  persist  in  the  broad  lymph-tubes  formed  in  the  embryonal 
state  The  ampullae  enlarge  by  increase  of  the  lymph-bodies  and  metamorphosis  of 
the  fibrous  net-work  into  a nucleus-bearing  substance  more  embryonic  in  character. 

In  primary  hypertrophy  occurring  in  external  parts  (neck,  etc  ) and  in  cavities, 
which  occurs  in  otherwise  healthy  and  in  scrofulous,  for  the  most  part  young  individ- 
uals, the  lymph-glands  are  similar  to  many  sarcomata,  but  are  distinguished  especi- 
ally by  the  homogenoousness  of  the  superficial  and  out  surfaces,  by  the  intimate 
blending  of  lymph-gland  swellings  of  other  kinds  with  the  neighboring  glands.  Con- 
sult especially  Bru.HOTH,  licit  r.  1K.»H,  p.  Hie  ; Virch.  Arch  , XXI..  p.  4'2:{. 

To  secondary  hypertrophy  of  lymph-glands  !>elong  most  lymph-gland  swellings 
in  simple  inflammation  of  peripheric  parts,  external  (inflammations  of  the  skin, 
pseudo-erysipelas,  etc,)  as  well  as  internal  ( e.g.,  bronchial  glands  in  bronchitis,  pneu- 
monia, mesenteric  glands  in  intestinal  catarrh,  cholera,  etc. ),  in  many  so-called 
zoonoses,  iu  infection  from  dead  bodies,  in  many  contagious  diseases,  especially 
scarlet-fever,  small-pox,  syphilis,  in  many  pyaamifla,  in  typhoid  fever  (so-called  med- 
ullary infiltration  of  the  mesenteric,  hepatic,  splenic,  bronchial  glands),  in  leuco- 
cythremia  (so-called  lymphatic  leucocythajinia;,  in  cancer  (so-called  sympathetic  or 
consensual  gland -swelling),  etc. 

See  also  Hansen,  liidrag  til  Lymfckcrtkrnea  norm,  og patol  Anal.,  1871. 


Swelling  of  the  lymph-glands  affects  sometimes  only  one  ora  few  adjacent 
glands  of  external  or  internal  parts  ; sometimes  a series  of  them  on  the 
surface  of  the  body  (simple  and  syphilitic  inflammations,  post  mortem 
infection,  serofulosis,  etc.)  ; sometimes  finally  most  external  or  most  inter- 
nal lymph-glands,  or  both  at  the  same  time  (leucocytbsBinia,  so-called 
primary  hypertrophy  without  leucocytlnemia,  etc.).  The  lymph-glands  thus 
changed  exist  for  a long  time  without  further  change,  sometimes  they  con- 
tinue to  grow,  sometimes  further  changes  appear  in  them  (inflammation, 
suppuration,  ichorization,  tuberculization,  calcification,  etc.). 
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1).  Hypertrophy  of  the  solitary  follicles 

of  tins  stomach,  large  and  small  intestines,  an  well  as  of  Peyer’s  patches  in 
the  small  intestines,  occurs,  especially  in  the  lower  portion  of  the  small  in- 
testines, in  various  degrees  and  under  varying  conditions.  The  latter 
correspond  in  general  to  those  processes  in  which  also  the  mesenteric 
glands  show  a like  affection.  The  histological  forms  resemble  those  of  the 
lymph-glands. 

In  typhoid  fever  this  hypertrophy  of  the  intestinal  follicles,  proper  mesenteric 
glands  and  spleen,  forms  the  most  important  anatomical  character.  But  often  at  the 
same  time  here  there  is  found  a new-formation  of  dells  and  a deposit  of  them,  cor- 
responding to  the  conditions  of  cytogenic  tissue,  into  the  pre-existing  connective 
tissue,  also  in  the  vicinity  of  the  affected  portions  of  the  intestines,  even  into  the 
peritoneum,  liver,  etc. 

According  to  IIenle,  solitary  follicles  (conglobate  glands)  sometimes  occur  also  hi 
the  vagina. 

A probably  heteroplastic  new-formation  of  solitary  glands  in  the  great  omentum  is 
described  by  Wkdl  ( Oestr.  Jnhrb.,  1801). 

c.  Hypertrophy  of  the  spleen 

often  occurs  as  such,  in  form  of  the  so-called  swellings  of  the  spleen  with 
increase  of  the  si/e  of  the  follicles  or  of  the  quantity  of  the  pulp  or  of  both 
at  the  same  time,  with  or  without  hyperamiia.  The  conditions  under 
which  these  true  and  false  hypertrophies  appear,  are  essentially  the  same 
as  in  hypertrophy  of  the  lymph-glands.  The  greatest  volume  is  reached  l>y 
the  hypertrophic  spleen  in  lienal  leucocytlnemia.  The  microscopical  rela- 
tions of  all  these  forms  are  known  only  imperfectly. 

Rokitansky  ( Wien.  nUg.  med.  Ztg. , 1859,  p.  98),  Griksinger  (Arch.  d.  Heilk .,  V., 
p.  398)  and  others  found  in  the  interior  of  the  spleen  small  or  larger  encapsuled 
tumors,  which  consisted  of  splenic  tissue,  and  which  were  analogous  to  the  so-called 
accessory  spleens. 

d.  Most  swellings  of  the  tonsils,  not  acute,  are  dependent  upon  a 
true  hypertrophy  of  their  glandular  tissue,  for  the  most  part  with  simul- 
taneous increase  of  the  contents  and  stroma  of  the  follicles. 

In  what  relation  this  hypertrophy  in  children  stands  to  the  sometimes  simultane- 
ously present  emaciation,  deformity  of  the  thorax,  anaamia  and  digestive  diliiculties, 
it  is  still  unknown. 

e.  Hypertrophy  of  the  cytogenic  tissue  of  the  posterior  wall  of  the 
PHARYNX  not  rarely  occurs,  sometimes  diffuse,  sometimes  in  form  of  tumors 
varying  in  size  from  that  of  a pea  and  larger. 

B.  Wagner,  Arch.  d.  Hcilk .,  VI.,  p.  310. 

f.  Hypertrophy  of  the  cytogenic  tissue  of  the  conjunctiva  i3  the  condi- 
tion of  the  so-called  trachoma. 

The  lymph-follicles  of  the  conjunctiva,  which  are  regarded  as  pathological  forms 
by  Strom eyer  (Deutsche  Klinik,  1859),  Bi.umbero.  Wolfring  and  others,  are  of 
a"  physiological  nature  (Bruch,  IIenle,  Krause,  Huguenin).  (Sciimid,  Lymph- 
foUikeld.  Bindehaut  des  Auges. , 1871.) 

g.  So-called  hypertrophies  of  the  thymus  gland  of  the  new-born,  children 
and  adults,  and  of  various  degrees,  have  been  described  in  quite  large 
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numbers ; and  yet  there  is  still  wanting  a pathologico-histological  investi- 
gation of  them. 

h.  Red  bone-marrow 

consists,  according  to  more  recent  investigations,  of  cytogenic  tissue,  and, 
histologically  as  well  as  functionally,  is  to  be  placed  by  the  side  of  the 
spleen,  partly  also  by  that  of  the  lymph-glands.  Histologically,  a like 
character  of  the  medullary  elements  is  found  in  the  bone-marrow,  and  a 
similar  arrangement  and  structure  of  the  bloodvessels  (the  small  arteries 
pass  directly  into  much  wider  thin-walled  blood-spaces,  analogous  to  the 
cavernous  splenic  veins).  After  injection  of  insoluble  coloring  matter  into 
the  blood,  this  appears  also  in  the  bone-marrow,  especially  abundant  in 
that  of  animals  whose  spleen  has  bom  removed  {vide  p.  lo4).  The 
behavior  of  bone-marrow  varies  with  the  bone,  age,  etc.  : so-called  red, 
lymphoid  or  lymphatic, — so-called  yellow  or  fatty, — anil  mucous  or  gelatin- 
ous medulla.  The  former  is  found  in  all  foetal  bones,  and  in  those  of  the 
child  until  from  the  tenth  to  the  fifteenth  year.  It  remains  in  the  bones  of 
the  trunk  and  in  those  of  the  cranium,  while  in  the  remaining  bones  fatty 
medulla  apjmars  in  its  place.  The  third  occurs  in  senile  marasmus  and  in 
exhausting  diseases  in  place  of  the  second.  The  cytogeuic  tissue  princi- 
pally, in  an  especially  striking  manner  the  bone-marrow,  takes  a manifold 
part  in  the  general  diseases  of  the  organism.  Concerning  acute  general 
diseases  vide  p.  140.  In  chronic  diseases  with  general  marasmus  it  is  often 
transformed  into  a substance  like  mucous  tissue.  The  yellow  fatty  medulla 
of  tubular  bones  passes,  under  the  same  conditions,  into  cytogeuic  tissue. 


Consult  ViRcnow,  Entw.  dr*  Sr' ddd^rvnde*.  1857,  pp.  30etaL — Recklinghausen, 
Carat.  Jahr.,  1807,  I.,  p.  824. — Especially  Neumann,  Med.  CtrlM. , 1868,  p.  689; 
1868.  No.  19.—  Arch.  d.  IlriUc .,  1869.  X..  pp.  08  ct220;  lb.,  1870.  XI..  p.  1.-  Also 
Bizzozero,  (lm.  med.  Ijornb.,  1868.  No.  46;  1869,  No.  2;  Virch.  Arch.,  1871, 
LII  , p.  >6. — Hover,  Med.  Ctribl.,  1861).  No.  16  et  17. — I’onkk  k,  Virch.  Arch., 
1888.  XLVT1JL,  p.  1 ; lb..  1872.  LVI.,  p.  534.— Wai.DKVER,  lb.,  1871.  LII.,  p.  305. 

Since  the  arterial  transition- vessels  of  bone-marrow  have  constantly  a very  much 
smaller  lumen  than  the  capillaries,  the  circulation  in  thorn  is  a very  sluggish  one. 
By  this,  anil  in  consequence  of  their  special  structure,  a metamorphosis  of  the 
abundantly  accumulated  colorless  blood  -corpuscles  into  colored  is  favored  and 
actually  takes  place.  Consult  especially  Neumann  (1.  c. ),  anil  the  formation  of 
blood-corpuscles.  Bone-marrow,  like  the  spleen  and  mesenteric  glands,  contains 
numerous  large  cells  with  remarkably  numerous  red  blood-corpuscles,  which  undergo 
pigmentary  metamorphosis.  This  is  most  intense  and  extensive  in  typhoid  fever, 
but  is  also  found  iu  less  degree  in  other  febrile  diseases. 

Like  Neumann,  PONFICK  also  found  many  pathological  changes  of  bone-marrow, 
corresponding  to  known  changes  in  the  spleen  : the  yellow  foci  from  emlnilism  of  the 
nutrient  artery,  sarcoma,  tut>ercle.  Gelatinous  metamorphosis,  which  prepondernt- 
inglv  affects  more  advanced  age.  occurs  only  on  the  extremities  of  bones.  In  acute 
infectious  diseases,  especially  typhoid,  relapsing,  intermittent  fevers,  also  pneumo- 
nia. there  is  found,  us  in  the  spleen,  a strong  hyperplasia  of  all  the  elements  with 
nuclear  growth,  and  giant-cells  (cells  containing  blood -corpuscles  and  lymphoid  ele- 
ments). P.  also  saw  an  extended  fatty  change  of  the  vessel  wall  not  observed  in  the 
spleen).  In  amyloid  disease,  only  insignificant  changes  are  found  in  the  medulla. 

Hypertrophies  have  been  observed  with  certainty,  neither  in  the  supra- 
renal capsules,  nor  in  the  pituitary  gland. 

B.  Heteroplasia,  or  heterologous  formation  of  cytogenic  tissue. 

Now-formation  of  cytogenic  tissue  in  parts  of  the  body  where  it  does  not 
occur  iu  a normal  manner,  is  found  under  very  varying  conditions,  as  well 
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with  respect  to  the  causes,  as  the  gross  and  histological  structure,  as  finally 
the  relations  to  single  organs  and  to  the  whole  organism.  It  seems  proper 
here  to  consider  together  a number  of  new  formations,  which  are  by  others 
included  in  connective  tissue.  Some  of  these  new-formations  greatly 
resemble  in  their  structure  the  tissue  of  the  lymph-gland  follicles,  so  that 
their  belonging  to  cytogeuic  tissue  is  not  to  be  contested:  especially 
tubercle.  The  other  new-formations  contain  as  the  most  important  element, 
cells,  which  resemble  colorless  blood-  and  lymph-corpuscles,  while  the 
stroma  is  for  the  most  part  common  connective  tissue  poor  in  vessels 
(lymphoma  proper).  Still  others  have  on  the  whole  a similar  structure, 
but  form  larger  masses  resembling  malignant  tumors  (many  medullary 
cancers  proper) . 


1.  Tubercle. 

(Tuberculosis  and  scrofulous.) 

Basle,  Rech.  svr  la  phthisic  Pulm.,  1810. — L.ennec,  Traite  dc  Pamcult.  vied.,  1. 
6d.,  183(5;  3.  ed.,  1837.— Schr  >der  v.  l>.  Kook,  Ob*.  anal. -path.,  etc.,  182(5; 
Nederl.  lancet.,  July,  1852. — Lombard,  Es*ai  mr  lex  tubercules,  1827. — Oerutti, 
Coll,  qneeel.  de  pht/im  pulm.,  1839.— Louis,  Reek.  anat.-path.,  1842. — Clkss,  Arch.  f. 
phys.  lleilk. , 1814,  III. — Addison,  Transact,  of  the  Prop.  Mai.  and  Sure/.  Assoc.,  1845, 

11.,  p.  2S7.  Reinhardt,  Ann.  d.  Perl,  ('/tar.,  18.50,  I.,  p.  302. — Viuciiow,  Wiinb. 
Verh..  1850,  I..  p.  HO;  II..  p.  24  et  70  ; III.,  p.  08 ; Wien.  Woohenschr.,  1850.  No.  1 
ff.  ; Deutsche  Kl  1852.  No.  25;  Arch.,  XXXIV.,  p.  11  ; Geschwulste.  18(55,  II..  p. 
(520. — Lkbeiit,  Traite  ties  rnal.  seraph,  et  Inhere.  { Lehrh.  d.  Scrophd-  u.  Tuberkelkrkh., 
Uebers.  v Kohler.  1851);  //all  del'acad.,  XXXIL,  p.  119;  Virch.  Arch., XL.,  p.  142 
et  532. — Bennett,  Path,  and  Treat,  of  Pulm.  TiibereuL,  1853. — Schrant.  JVederl. 
Weekbl.,  1854. — KOss,  Gaz.  mid.  de  Strasb 1855. — It.  Hall,  Brit.  Rev.,  1855  and 
1850. — IIeschl,  Pray.  Vtljschr.,  1850,  III  , p.  17. — Buiil,  Ztschr.  f.  rat.  Med.,  1850, 
VIII. . p.  41);  Lnnyenentz.,  Taberc.  u.  Schwinds.,  1872,  p.  90. — VV.  Muller,  Ueb, 
Struct,  n.  Entwickl.  d.  Tab.  in  d.  Xieren...  1857. — Demme.  Virch.  Arch.,  1801,  XXII., 
p.  155. — Forster.  Wireb.  meel.  Ztschr.,  18(51,  L,p.  130;  III. ,p.  200. — Rindelkiscu, 

Virch.  Arch.,  1802,  XXIV.,  p.  571. — Colbeug,  Ohs.  de  penit.  pulm.  struct.,  1803. — 
IIedinoeu.  Die  Entw.  d.  Lehrc  v.  d.  Lunyenschicindsucht,  etc.,  1804. — Villemin, 
Gaz.  mi-el.  de  Per.,  1865,  No.  50;  Getz.  hebd. . 1800,  No.  42-49;  Etuel.  svr  la  tuber- 
culose,  1868.-  -Em  ms.  Deli  granulie  on  maladie  yranuleuse,  etc..  1865. — Nikmkyer- 
Ott,  Klin.  Vortr.  ub.  el.  Lunyenschw.,  1866. — Hoffmann.  Arch.  f.  klin.  Med..  1807, 

111.,  p.  67. — Hkrard  et  Cornu.,  Let  phthisie  pulm.,  1867. — Colin,  Bull,  de 
Pruned.,  Aug.,  Oct. — Dec.,  1807  ; Jan.— Aug.,  1808. — Cohniieim,  Virch.  Arch.,  1867, 
XXXIX.,  p.  49.— Lanoiians,  lb.,  XLII.,  p.  382. — Oohnhei.m  and  Frankel,  lb., 
1868,  XL V.,  p.  21(5. — Klebs,  lb.,  XLIV.,  p.  242. — Sanderson  and  Simon,  Med. 
Times  and  Gaz.,  18158,  p.  431.— Sanderson,  Brit.  Meel.  J.,  1808.  No.  381. — W.  Fox, 
lb. , No.  386-388;  On  the  Art  if.  Prod,  of  Tubercle  in  the  Ltneer  Anim..  1868. — E. 
Wagner.  Arch.  d.  licit k.,  1870,  XI.,  p.  497  ; XII.,  p.  1. — SchOppel,  Outers,  ub. 
Lymph-drusentuberc. , 1871. 

The  history  of  tuberculosis  reaches  much  farther  hack  than  that  of  miliary  tuber- 
cle : Hippocrates  describes  pulmonary  phthisis  in  a manner  worthy  of  imitation. 
Stark  (1785)  and  Baillie  (1794)  first  described  miliary  tubercle.  Lorain,  Robin 
and  Eupis  discovered  miliary  tubercle  a second  time:  the  latter  called  it  “ granu- 
iie  ou  mala  die  yranuleuse."  ScndXLEiN  in  the  third  decade  of  the  present  century 
first  used  the  word  tuberculosis. 


Tubercle  is  an  infiltrated  or  nodular,  almost  always  multiple,  round  or 
irregularly  formed,  for  the  most  part  miliary,  non-vascular  new-formation 
of  varying  size,  which  consists  especially  of  nuclei,  small  and  large,  indif- 
ferent cells,  and  giant-cells — all  imbedded  in  a reticular  tissue  ; it  constantly 
passes,  after  long  duration,  into  so-called  cheesy  atrophy,  often  also  into 
softening ; and  appears  rarely  as  a local  affection,  but  most  often  as  a con- 
stitutional disease  (tuberculosis  and  scrofulosis). 
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Circumscribed  or  nodular  tubercles  are  sometimes  visible  only  micro- 
scopically (liver,  cerebral  meninges)  ; most  often  they  are  just,  perceptible 
(serous  membranes,  lvmph-glamls),  sometimes  they  reach  the  size  of  a millet 
seed  (so-called  MILIARY  TUBERCLE,  gray,  semi-translucent  granulation); 
more  rarely  are  they  the  size  of  a pea,  cherry,  egg  and  larger  (so-called 
larc.e  tubercle,  or  CONGLOMERATE  nodules:  almost  only  in  the  brain, 
testicles,  and  on  serous  membranes).  Their  shape  is  most  often  round  or 
rounded,  regular  or  with  peripheral  serrations;  they  are  rarely  flat,  but  for 
the  most  part  globular.  They  may,  however,  by  confluence  assume  an  irregu- 
lar form  ami  a considerable  size : so-called  tubercular  infiltration  ; 
especially  on  many  mucous  membranes  (urinary  passages,  female  genitals). 
Their  periphery  is  apparently  sharply  defined,  but  without  capsule.  Their 
number  is  on  the  whole  dependent  upon  the  size : in  considerable  volume 
they  are  usually  single  or  present  in  small  number,  while  the  smallest 
tubercles  occur  usually  in  colossal  numbers,  are  uniformly  distributed  or 
arranged  in  groups  of  various  sizes. 

The  smallest  tubercles  are  in  the  fresh  state  as  clear  as  water  or  grayish- 
white,  translucent,  semi-solid,  elastic,  moist  ; their  cut  surface  does  not 
permit,  on  account  of  its  smallness,  of  a sufficiently  critical  examination  : 
fresh  or  gray  tubercle.  Large  tubercle  as  well  as  tubercular  infiltra- 
tions show  peripherically  on  section  almost  always  a similar,  regular  or 
irregular,  grayish-white,  translucent,  homogeneous,  non- vascular,  moist  zone 
of  varying  breadth  ; the  larger  central  portion,  on  the  other  hand,  is  almost 
always  grayish-yellow  or  yellow,  opaque,  dry,  inelastic,  and  of  cheesy  con- 
sistence : so-called  YELLOW  TUBERCLE. 

Microscopically,  fresh  miliary  tubercle  consists,  in  proportion  to  its 
size,  of  one  or  many  (for  the  most  part  4—0 , more  rarely  12)  rounded, 
sharply  defined  nodules  or  follicles,  whose  diameter  reaches  0.35-0.15 
nun.  Kadi  follicle  is  composed  of  a reticulum,  in  the  spaces  of  which  are 
cellular  elements  : hence  the  name  cytooknio  or  reticular  tubercle. 

The  reticulum  is,  in  general,  like  that  which  occurs  at  various  ages  in 
normal  reticular  connective  substance,  except  that  it  is  usually  somewhat 
broader:  it  consists  sometimes  of  distinct  or  indistinct,  many- branched 
nucleated  cells,  sometimes  of  a smaller  or  broader,  fibrous  substance  with 
elongated  nuclei.  In  the  periphery  there  is  sometimes  found  a lighter 
space,  similar  to  the  so-called  enveloping  space  of  the  lymph-gland  follicles 
with  fine  elastic  fibres.  The  periphery  more  often  shows  broader,  denser, 
nucleated  fibres,  the  course  of  which  is  nearly  circular,  and  which  form  a 
kind  of  girdle  around  the  whole  tubercle.  The  reticulum  is  without 
bloodvessels,  and  probably  without  lymphatics.  In  the  youngest  tubercles 
it  is  very  scanty  and  very  soft. 

The  CELLULAR  elements  of  tubercle  are  free  nuclei  ami  small  round 
cells,  which  are  not  infrequently  also  somewhat  larger,  and  sometimes 
angular.  The  nuclei  are  for  the  most  part  round,  rarely  oval,  with  a 
diameter  of  0.005-0.053,  even  0.001  mm.;  they  are  ch-ar,  vesicular,  with 
or  without  nucleoli.  The  CELLS  are  most  often  similar  to  the  colorless 
blood -corpuscles,  for  the  most  part  smaller,  with  1-2  nuclei;  they  occur 
with  the  nuclei  or  as  the  only  elements.  (According  to  many,  tubercle  con- 
sists only  of  cells,  but  which  are  so  frail,  that  during  the  investigation  most 
are  destroyed,  leaving  the  nuclei.)  There  are  also  constantly  seen,  mostly 
m the  centre,  rarely  in  the  periphery  of  the  follicle,  one  or  many  so-called 
POLYNt'i  i.e.vr  GIant-cells.  These  vary  in  size,  to  that  of  0.04  mm.,  are 
rounded  or  elongated,  dark  granular,  and  many-branehed,  with  for  the  most 
part  very  numerous  (to  20,  50,  100  and  more),  rounded  or  oval,  compara- 
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tively  largo  nuclei.  (See  p.  359.)  Cells  are  likewise  constantly  found, 
which  are  intermediate  between  the  small  common  and  the  smallest  giant 
cells  : they  are  epithelial-like,  rounded,  finely  granular,  with  one  large  or 
many  smaller  nuclei. 

Tubercle  always  occupies  the  place  of  the  normal  tissue,  which  has 
usually  to  a great  degree  wasted  away,  or,  as  more  rarely  happens,  is  only 
pushed  to  one  side.  The  limiting  tissue  is  besides  sometimes  in  various 
ways  changed,  sometimes  not. 


The  histology,  just  given,  of  tubercle  of  the  most  different  organs  is  by  the  author. 
SchOfpel  determined  it  in  a special  manner,  with  respect  to  the  lymph-glands, 
and  indeed  with  respect  to  tuberculosis  as  well  as  scrofulosis  of  these.  Similar  views 
with  respect  to  the  structure  of  tubercle  are  held  by  Virchow,  Bunn  and  Kostkr 
( Virch . Arch XLVIII.,  p.  95),  and  with  respect  to  inoculation  of  tubercle  by  W.  Fox 
and  Sanderson.  That  giant-cells  form  an  almost  constant  element  of  tubercle  of 
most  organs,  has  been  shown  especially  by  Languans. 

Fibrous  tubercle,  according  to  many,  is  a peculiar  form  of  tubercle, 
according  to  others,  only  a metamorphosis  of  it. 

Virchow,  to  distinguish  fibrous  from  common  cellular  tubercles,  designates  as  the 
former  those  which,  except  in  the  centre,  consist  of  abundant  connective  tissue  : 
they  occur  especially  in  solid,  fibrous  parts,  aud  in  new-formed  connective  tissue 
masses ; they  are  characterized  by  their  hardness,  greater  translucence,  pearly,  light 
gray  appearance.  L an OHAN8  found  the  common  cellular  tubercle  chiefly  in  serous 
•membranes,  pin  mater,  etc.,  fibrous  tubercle  more  in  the  lungs,  liver,  spleen,  kidneys, 
etc.  According  to  L.  fibrous  tubercle  is  not  destroyed  directly,  but  there  is  formed 
within  the  cellular  zone  a connective  tissue  relatively  poor  in  cells,  which  first  is 
destroyed  by  degeneration.  It  is  consequently  a more  highly  developed  form  of  cel- 
lular tubercle.  According  to  SciIUPPEL,  fibrous  is  a metamorphosis  of  common 
tubercle : at  leas!  in  the  lymph-glands  the  peripheral  trabeculae  of  the  reticulum  and 
the  adjacent  trabeculae  of  the  glandular  reticulum  are  metamorphosed  into  homo- 
geneous or  indistinctly  striated  connective  tissue.  The  centre  of  the  tubercle  at  the 
same  time  undergoes  cheesy  transformation. 

Microscopical  examination  of  the  older,  so-called  yellow,  as  well  as  of 
the  centre  of  most  fresh  tubercles  shows  constant  simple  atrophy,  or 
necrosis  of  the  nuclei  and  cells  above  mentioned,  and  also  of  the  reticu- 
lum, often  also  fatty  metamorphosis  of  less  degree.  Through  the  former 
atrophy,  first  the  nuclei  and  round  cells,  latest  the  giant-cells  are  metamor- 
phosed into  irregularly  formed,  for  the  most  part  smaller,  flat,  homogene- 
ous or  furrowed,  dull,  very  soft  corpuscles  (so-called  tubercular  corpuscles), 
and  finally  into  a finely  granular  detritus.  These  atrophic  elements,  some 
cells  which  have  suffered  partial  fatty  degeneration,  simple  and  fatty 
detritus,  form  the  only  elements  of  yellow  tubercle.  Sometimes  the  sur- 
rounding compressed  tissues  undergo  the  same  change.  In  many  cases  the 
denser  peripheral  zone  becomes  hypertrophic.:  its  fibres  thicken,  the  inter- 
vening cells  and  nuclei  become  indistinct ; the  whole  finally  resembles  com- 
mon cicatricial  tissue.  Atrophy  of  tubercle  is  the  consequence  of  its 
insufficient  nutrition  through  the  vessels  around  it.  At  what  age  of  the 
tubercle  this  change  appears,  has  not.  been  determined ; for  the  most  part 
a few  weeks  appear  to  suffice  to  call  it  forth,  at  least  iu  the  centre  of  the 
tubercle,  while  at  other  times  months  are  necessary. 

Simple  atrophy  of  tubercle -elements  occurs  so  often,  even  in  the  centre  of  appar- 
ently fresh  tubercles,  that  the  so-called  tubercle-corpuscles  of  Lebert  and 
the  yellow  and  cheesy  character  of  the  tubercle  proceeding  from  that  atrophy,  were 
a long  time  regarded  as  their  most  essential  property.  But  since  the  structure  of 
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tubercle  has  been  learned  more  accurately,  and  the  same  metamorphosis  has  been 
found  in  cell-accumulations  of  every  kind,  it  is  no  longer  characteristic.  But  the 
name  tuberculization  has  been  retained.  (See  p.  297.) 

Frksli  miliary  TUBERCLE  only  is  CHARACTERISTIC,  macroscopically  as  well  as 
microscopically.  If  simple  atrophy  of  the  whole  tubercle  has  already  appeared,  a 
distinction  between  it  and  many  inflammatory  affections  connected  with  suppuration, 
and  many  syphilitic,  sarcomatous,  and  carcinomatous  new-formatious — if  in  these  a 
like  extensive  atrophy  is  present — is  more  difficult,  but  for  the  most  part  still  possi- 
ble. This  is  true  especially  of  the  larger  so-called  tuberculous  infiltrations  of  the 
mucous  membranes,  of  the’  older  tubercles  of  lymph-glands  and  of  the  large  tuber- 
cular nodules  of  the  brain.  In  the  lungs  the  appearance  of  the  older  miliary  tuber- 
cles with  grayish-white  periphery  and  yellow  centre  is  formed  sometimes  by  trans- 
verse section  of  the  small  bronchi,  the  lumina  of  which  are  filled  with  cheesy  pus,  and 
the  walls  of  which  are  thickened. 

Oorn'i FTCATION  is  that  condition  of  miliary  tubercle  which  is  effected  by 
simple  atrophy  of  the  nuclei  alone  (without  simultaneous  fatty  metamor- 
phosis) : the  tubercle  is  transformed  into  a hard,  horny  mass. 

The  further  changes  of  tubercle,  after  a longer  duration  of  simple 
atrophy  and  fatty  metamorphosis,  are  the  following: 

Resorption,  which  is  accomplished  by  simple,  but  especially  by  fatty 
atrophy,  occurs  most  rarely  ; it  is  complete  only  in  the  smallest  tubercles, 
in  the  larger  it  is  followed  for  the  most  part  only  by  their  diminution. 

Cajatfioation,  more  rarely  alone,  for  the  most  simultaneously  with 
cheesy  atrophy,  affects  large  and  small  tubercles  : if  it  occurs  alone,  the 
tubercles  are  transformed  into  stony  masses ; if  fatty  metamorphosis  is 
present  at  the  same  time,  there  arises  a grayish  yellow  greasy  soft  mass, 
with  here  and  there  greater  consistence.  In  rare  cases  the  chalky  masses 
are  laminated. 

Softening  or  liquefaction,  the  most  important  and  most  frequent  change, 
occurs  through  unknown  chemical  metamorphoses,  rarely  in  the  smallest, 
more  often  in  the  large  yellow  tubercles.  U|K>n  this,  with  cheesy  meta- 
morphosis at  the  same  time,  depends,  according  as  it  affects  mucous 
membranes  or  parenchynmta,  the  tuberculous  ulcer,  or  tuberculous 
cavities  (tuberculous  abscess).  Both  rarely  occur  pure,  not  complicated 
with  suppuration  ; more  often  the  latter  follows,  especially  after  throwing 
off  of  all  tuberculous  matter.  The  ulcer  occurs  es|«jcially  on  the  mucous 
membrane  of  the  intestinal  canal  and  air-passages,  more  rarely  on  that  of 
the  urinary  and  sexual  organs,  and  bile-ducts,  on  serous  and  synovial  mem- 
branes : cavities  in  the  lungs,  lymph-glands,  in  the  brain,  testicles,  pros- 
tate, supra  renal  capsules,  etc. 

Tuberculous  ulcer  is  in  the  beginning  small,  round,  crater-like,  infiltrated  in  its 
base  and  walls  by  tuberculous  matter:  so  called  PRIMARY  ULCER.  In  its  further 
course  it  grows  either  circularly  and  unites  with  neighboring  ulcers  ; or  especially  iu 
oue  direction,  t.<j .,  in  the  intestines  tranversely  to  the  direction  of  the  villi : so-called 
secondary  ULCER.  At  other  times,  from  the  beginning  in  an  extensive  tubercu- 
lous infiltration,  and  with  its  softening  nnd  destruction  there  is  formed  a large 
tuberculous  ulcer,  the  base  and  walls  of  which  still  contain  abiuidant  yellow  tuber- 
cular masses  (vermiform  process,  uterus,  urinary  passages).  The  small  as  well  as 
large  ulcers  may  progress  from  the  mucous  membrane  into  the  sub-mucous  tissue, 
an<(  from  there  into  the  muscular  and  serous  coats. 

1 URbRCULOUS  Cavities  are  represented  by  for  the  most  part  rounded  cavities, 
of  varying  size,  which  are  filled  by  a thin  purulent,  or  cheesy  purulent  liquid,  often 
at  the  same  time  w.th  yellowish  crumbling  masses,  and  are  infiltrated  to  a varying 
thickness  with  tuberculous  matter.  They  may  penetrate  into  surrounding  cavities 
(pleura)  or  to  the  external  surface  of  the  body  (tuberculous  fistula  of  the  epididymis). 

I lie  so-called  tuberculous  cavities  of  the  lungs  have  their  origin,  to  a small  extent, 
in  tuberculosis  of  the  small  bronchi  and  of  the  surrounding  pulmonary  vesicles ; to  a 
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larger  extent,  they  are  sacculated  bronchiectases,  the  inner  surface  of  which  is  gener- 
ally, or  at  points  ulcerated  or  tuberculous. 

Healing  ok  tuberculous  ULCKR8  and  cavities  occurs  extremely  rarely.  It 
occurs  through  evacuation  of  the  softened  tubercle  and  a secondary  new-formation 
of  connective  tissue,  and  is  followed  for  the  most  part  by  contraction  of  the  affected 
raucous  membrane.  Encapsulino  of  tubercle  consists  in  the  formation  of  a 
connective  tissue  envelope  around  the  tubercle  ; the  latter  therein  always  undergoes 
cheesy  degeneration  ; it  is  not  infrequently  calcified. 

Ihe  origin  of  tubercle  is  in  connective  tissue  of  different  kinds: 
especially  that  of  the  so-called  lymph-sheaths  of  small  arteries,  lymphatics, 
perhaps  also  of  small  veins;  also  the  tissue  of  serous  membranes.  Xu 
all  these  parts  tubercle  probably  proceeds  from  a growth  of  the  common 
so-called  fixed  connective-tissue  corpuscles  and  the  endothelium  identical 
therewith.  Whether  tubercle  can  arise  also  from  the  endothelial  layer  of 
serous  membranes,  blood-  and  lymph  vessels,  is  still  doubtful.  The  more 
intimate  microscopic  relations  of  the  origin  of  tubercle  are  not  yet 
accurately  known.  (Tubercle,  in  spite  of  its  cytogenic  structure,  proceeds 
not  from  the  cytogenic  tissue  of  organs  which  contain  it,  e.g,y  intestinal 
mucous  membrane.) 

The  origin  of  tubercle  has  been  pursued  especially  in  the  fresh  miliary 
tubercles  of  serous  membranes  and  of  the  pia  mater  of  the  brain,  in  the 
liver  and  kidneys.  Here  tubercle  is  developed  by  repeated  division  of 
the  connective  tissue  corpuscles  or  by  endogenous  formation  ; the  connec- 
tive-tissue basis  substance,  epithelial  and  gland-cells,  and  capillaries  are 
more  or  less — the  latter  perfectly — destroyed  by  the  immense  nuclear 
formation.  In  other  tissues,  also  the  lungs,  as  well  as  in  connective  tissue, 
tubercle  arises  partly  by  manifold  division  of  the  nuclei  of  the  c apillaries, 
partly  by  simple  division  of  the  nuclei  of  the  adventitia  of  the  larger  and 
smaller  vessels,  of  the  sarcoleruma,  so-called  structureless  sacs.  The  reti- 
culum of  tubercle  is  partly  the  original  lost  connective  tissue,  only  pressed 
apart,  and  of  the  higher  elements  (gland-cells,  vessels,  etc.),  which  perhaps 
have  also  become  somewhat  hypertrophic;  it  is  partly  new-formed.  (Con- 
sult the  following  numerous,  but  still  very  differing  statements.) 


HESCHL  first  demonstrated  the  formation  of  tubercle  in  the  lungs,  in  the  wall  of 
the  capiLlarios  ; as  well  as  of  other  vessels  of  every  size.  According  to  ViRCHOW 
and  Buhl,  fresh  miliary  tubercle  is  seen  in  the  peritoneum  and  pia  mater  along  the 
finer  arteries  as  vesicular  swellings,  filled  with  nuclei,  of  their  adventitia.  The  same 
was  found  by  Rokitansky,  Wkdl,  Dkmmk,  Coliikkg,  Forster  and  others. 
According  to  Dkiculkr  (Bn'tr.  z.  Ilidd.  lit*  Lungrngeicetm.  I Nil)  the  vessel- walls 
in  the  lungs  are  loosened  as  far  as  the  iutima  by  new-formed  cells,  and  with  the  accu- 
mulation of  cells,  separate  farther  and  farther,  until  finally  they  are  entirely  lost  in 
the  larger  nodules  and  the  vessels  are  bounded  only  by  the  very  thin  iutima.  In  the 
pia  mater  and  brain  the  tubercles,  according  to  Hindklklsch.  appear  like  lateral 
projections,  single  or  united  into  small  groups  on  the  larger  branches,  while  on  the 
finer  branches  and  the  almost  capillary  vessels  they  form  spindle-shaped  varicosities, 
which  wholly  surrounded  the  vessels.  According  to  Km. us  ( Yirch.  Arch.,  XL1V., 
p.  2dG),  a larger  part  of  the  yellow  and  gray  knots,  which  are  met  with  on  the  base  of 
tuberculous  ulcers,  are  situated  in  the  lumen  of  the  lymph-vessels.  Rows  of  nodules 
in  the  course  of  the  lymphatics,  often  as  far  as  the  nearest  glands,  are  seen  in  tuber- 
culous ulcers  of  the*  intestines  ( Lymphnngdtvt  tubercnlmn).  Similar  statements 
are  made  by  Rindkleiscii  and  Kundrat.  A uf reciit  (Med.  Ctrlhl. , ISOS.  No.  28) 
regards  miliary  tuberculosis  of  the  peritoneum  as  a granular  peri-lymphangoitis. 
According  to  Bastian  ( Edinb . Med.  ./.,  1807,  XII.,  p.  bio),  miliary  tubercles  of  the 
brain  arise  from  the  endothelium  of  the  lymph-sheaths,  in  which  the  cerebral  vessels 
lie.  According  to  Sanderson,  miliary  granulations  on  the  diaphragm  are  situated 
in  the  course  of  the  veins,  not  of  the  lymphatic  vessels.  According  to  Ahmauer- 
Hansen  (Beitr.  z.  Amt.  d.  Lymplulr.,  1871),  tubercles  of  the  serous  tunic  of  the 
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intestines  and  of  the  mesentery  are  situated  on  the  exterior  of  the  lymphatic  vessels 
(in  opposition  to  LaNGHANs  and  Kl.F.BS).  Also  in  the  intestinal  tube  they  are  situated 
in  the  follicles  or  in  the  sub  serous  tunic  outside  of  the  sinus  and  vessels.  The  niyelo- 
plaxes  arise  from  lymph-cells,  not  from  the  endothelium  of  the  lymphatic  vessels. 
In  the  bronchial  glands  they  are  not  infrequently  pigmented.  According  to  Buhl 
{Lunge, nenti.  etc.,  p.  100)  the  alveolar  epithelium  of  the  lungs  Ls  itself  the  seat  of 
tubercular  new-fonnation ; it  extends  from  the  interior  wall  of  the  alveoli  into  the 
textureless  lymphatic  vessels.  See  also  Banvtjsb  (Naut >.  (/e't.,  etc.) 

Tubercles  of  the  choroid  arise,  according  to  CoiiNllEIM,  from  the  contractile 
'WANDERING  cells  of  this  membrane.  Billroth’s  latest  view  of  tubercle-cells 
generally  is  similar  to  this.  According  to  SchUppel  (drrA.  d.  Jlaik .,  IHtib.  IX..  p. 
524),  numerous  tubercles  of  the  liver  are  formed  in  an  embolic  manner  on  the 
interior  of  the  bloodvessels,  with  participation  of  the  connective-tissue  bodies  and 
capillary  nuclei,  only  by  metamorphosis  and  growth  of  the  colorless  blood -corpuscles 
within  the  bloodvessels  themselves.  The  mother-cells  with  manifold  nuclei  dis- 
tend the  capillaries,  leading  to  atrophy  of  the  liver-cells,  and  then  represent  the  tuber- 
cular nodules. 

According  to  Soni  rPEL  (1  c.,  1871),  tubercle  of  the  lymph -glands  arises  in  the 
proper  gland-substance  (follicles,  etc.),  not  in  the  septa.  The  development  of  tuber- 
cle begins,  according  to  Sen.,  with  the  appearance  of  a giant-cell.  The  latter  is 
often  formed,  probably  for  the  most  part  within  the  bloodvessels,  at  other  times 
perhaps  within  the  lymphatic  vessels. — See  also  SchiTtel,  Arch.  d.  IleUk, , 1S72, 
XIII.,  p.  09. 

In  the  intestinal  canal,  my  own  investigations  show  that  tubercle  is  developed 
altogether  independently  of  the  solitary  follicles  and  the  follicles  of  Peyer’s  patches. 

According  to  Buhl  (Lungenrntt,  etc.,  p.  104),  the  reticulum  proper  of  tubercle 
has  its  origin  in  a mass  analogous  to  connective  substance,  which  is  secreted  by  the 
giant-  and  epithelial  cells  at  the  periphery,  and  which  afterward  hardens  ; only  the 
border  zone  becomes  a fibrous  organic  connective  tissue. 

The  origin  of  tubercle  from  epithelial  and  gland-cells  only,  as  in  the 
liver,  kidneys  and  testicles,  has  not  been  demonstrated.  Those  cells,  as 
well  as  the  epithelium  of  the  lungs  and  the  cells  of  the  lymph-glands,  grow, 
however,  sometimes  increase  in  number,  or  pus-corpuscles  are  found  in 
their  place  : both  kinds  of  cells  often  fiecome  cheesy  with  the  tnliercle-cells. 
themselves  (lymph-glands,  kidneys,  testicles,  lungs). 

The  growth  ok  tubercle  results,  to  a small  extent,  from  division  of 
new-formed  nuclei.  In  the  vicinity  of  the  largest  portion,  for  the  most 
part  with  moderate  (active  or  passive)  hyperemia  there  is  the  same  new- 
fonnation  of  nuclei  from  the  normal  tissue,  with  consecutive  destruction  of 
the  latter,  as  in  the  first  origiil  of  it.  By  the  progressive  growth  of  many 
small  tubercles  in  this  manner,  these  become  confluent  and  result  in  the 
formation  of  many  knots  varying  in  size  to  that  of  a walnut  and  larger,  as 
well  as  in  so  called  infiltrated  tuberculous  tumors  of  many  mucous  mem- 
branes (of  the  urinary  passages,  Fallopian  tubes,  etc.) 

1 he  further  extension  ok  tubercle  is  sometimes  along  the  connec- 
tive tissue,  iu  which  it  first  hail  its  origin  ; sometimes  in  the  course  of  the 
lymphatic  vessels  (this  is  shown  especially  in  the  passage  of  tubercle  from 
mucous  membranes  or  parenchymata  to  the  corresponding  serous  mem- 
brane) ; sometimes  finally  in  that  of  the  bloodvessels  (regular  occurrence  of 
hepatic  tubercles  in  tuberculosis  of  the  intestines). 

Tisst  es  surrounding  tubercles  are  for  the  most  part  compressed,  and 
afford  especially  in  older  tubercles  a series  of  changes,  which  sometimes 
afford  only  an  apparent  enlargement  of  the  tubercle,  sometimes  they  truly 
represent  other  processes.  These  changes  may  hereby  become  of  almost 
equal  clinical  importance  with  the  tubercles  themsel  ves.  They  are  depen- 
dent upon  the  quick  formation  of  the  tubercle,  upon  the  obliteration  of  tl.e 
vessels,  upon  the  continuance  of  the  cell-growth  on  the  sheath  of  the  sur- 
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rounding  bloodvessels,  upon  the  frequently  accompanying  collateral  hyper- 
annia,  and  hypertrophy  of  the  surrounding  tissues,  and  upon  the  retrograde 
metamorphoses  of  the  tubercle.  Especially  worthy  of  note  are  : 

New  formation  of  vascular  connective  tissue,  especially  in  chronic  tuber- 
cle-formation : it  is  followed  by  thickening  and  the  formation  of  pseudo- 
membranes or  serous  membranes,  thickening  of  the  interstitial  connective 
tissue  of  the  lungs,  intestines,  glands,  etc. ; 

Formation  of  serous,  sero-purulent,  muco-purulent  and  purely  purulent, 
more  rarely  of  croupous  and  diphtheritic  exudations  with  or  without  dis- 
tinct hypenemia  : on  serous  membranes,  mucous  membranes,  etc.  In  the 
lung-tissue,  the  tissues  inclosed  by  tubercle,  as  well  as  those  surrounding 
them,  especially  the  alveoli,  often  the  finest  extremities  of  the  bronchi,  are 
found  filled  with  epithelial  cells,  which  often  show  fatty  metamorphosis,  as 
well  as  with  abundant  pus-corpuscles  and  often  with  molecular  fibrin.  A 
similar  disposition  is  found  in  the  lymph-glands.  Simultaneously  with 
simple  atrophy  of  tubercle -elements,  pus-corpuscles  also  undergo  the  same 
atrophy  as  well  as  fatty  metamorphosis.  Thereby  there  are  formed  most 
larger  yellow  tubercles  and,  by  their  destruction,  cavities ; destruction  of 
bloodvessels  with  consecutive  pigment-formation,  destruction  of  lymphatic 
vessels  etc.  The  former  depends  upon  the  enormous  new-fonnation  of 
nuclei  around  the  capillaries,  as  well  as  upon  the  increase  of  nuclei,  which 
takes  place  in  the  wall  of  the  vessel  itself. 

In  tuberculous  destruction  as  well  as  in  numerous  tuberculous  cavities  of  the  lungs 
there  are  early  formed  anastomoses  between  the  region  of  the  pulmonary  artery  and 
that  of  the  bronchial  artery,  after  attachment  of  the  pleura  also  with  the  intercostal, 
mammary  and  phrenic  arteries.  Thereby  is  an  excessive  congestion  of  blood  in  the 
air-breathing  portions  of  the  lungs  prevented  (Scuni)DKU  V.  D.  Kolk,  Guillot). 

Tuberculous  inflammations,  so-called,  of  organs  arise  through  combi- 
nation of  tuberculosis  with  inflammation.  Inflammation  in  such  cases 
is  characterized  by  new-formation  of  vascular  connective  tissue,  which  is 
met  with  either  in  the  stage  of  granulation-tissue  rich  in  colls,  or  which  is 
poor  in  cells  and  of  older  date.  There  lie  imbedded  therein  tubercles  of 
microscopic  size,  which  reaches  that  of  a pea  and  larger ; in  the  former 
case  they  are  fresh  and  gray,  in  the  latter  case  older  and  yellow.  Tuber- 
culous inflammations  are  purest,  and  most  easily  recognizable  in  serous 
membranes,  also  in  the  joints  (many  forms  of  so-called  tumor  albas).  They 
are  less  pure  on  many  mucous  membranes  (most  so-called  primary  tul>ercu- 
lous  formations  of  the  calices  and  pelvis  of  the  kidneys,  of  the  uterus  with 
the  Fallopian  tubes,  perhaps  also  many  of  the  larynx,  trachea  and  bronchi). 
They  are  least  pure  in  parenchymata,  most  often  in  the  testicles  and 
lymph-glands,  according  to  many,  also  as  the  cheesy  tuberculous  knots  in 
the  brain,  spleen,  bones.  The  clinical  form  is  sometimes  more  that  of  sub- 
acute or  chronic  inflammation  (serous  and  many  mucous  membranes), 
sometimes  more  that  of  tuberculosis  (testicles,  lymph-glands,  brain),  some- 
times it  is  mixed.  Hence  it  follows,  that  in  many  of  the  localities  named 
the  boundary  line  between  tuberculous  inflammation  and  chronic  tubercu- 
lar knots  and  tubercular  infiltration  cannot  be  drawn. 

Binir.  (1.  c.,  p.  132)  has  more  recently  brought  prominently  forward  the  peculiari- 
ties of  tuberculous  inflammations.  According  to  B.  (1.  c.,  p.  68)  the  so-called  cheesy 
or  tuberculizing  pneumonia  proceeds  neither  from  catarrhal  nor  from  croupous,  but 
from  the  pneumonia  described  by  him  as  parenchymatous  or  desquamative.  This  is 
characterized  by  new-formation  of  nuclei  and  cells  in  the  inter-alveolar  tissue,  in  the 
adventitia  of  vessels  and  in  the  external  layer  of  the  small  bronchi  and  bronchioles 
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on  the  one  hand,  by  desquamated  and  increased  pulmonary  epithelium  on  the  other 
hand  : both  elements  undergo  cheesy  metamorphosis.  Cheesy  knots  of  the  brain  or 
tuberculous  encephalitis  arise,  according  to  B. . through  increase  of  the  endo-  and 
perithelial  cells  of  the  arterial  vascular  sheaths,  embryonic  new-formation  of  con- 
nective tissue  and  softening  of  the  interjacent  brain-tissue,  with  consecutive  capillary 
a me  mi  a and  necrosis. 

Tubercles  occur  at  every  age,  most  often  in  the  young,  in  both  sexes  and 
under  every  condition.  They  have  not  yet  with  certainty  been  observed 
in  the  foetus. 

The  young  bom  of  animals  inoculated  with  tubercle,  as  well  as  the  embryos  of 
such,  have  never,  even  during  miliary  tuberculoma  of  the  mother,  shown  tubercle. 

With  respect  to  its  seat  in  individual  organs,  tubercle  shows  a varying 
frequency  according  to  the  age  of  the  sick  person.  In  children  it  occurs 
most  often  in  lymph  glands  (external,  brouchial,  and  mesenteric  glands), 
lungs,  brain,  spleen,  liver,  intestinal  mucous  membrane,  serous  membranes 
and  bones.  In  adults  it  is  found  as  a PRIMARY  affection  by  far  the  most 
often  in  the  lungs  ; more  rarely  in  the  lymph-glands,  urinary  organs,  geni- 
tals, intestinal  canal.  SECONDARILY,  it  occurs  in  almost  all  organs  : chiefly 
in  the  lymph-glands,  corresponding  to  the  seat  of  the  primary  tubercle ; on 
the  intestinal  mucous  membrane,  respiratory  mucous  membrane,  in  tlio 
liver,  spleen,  kidneys  and  supra- renal  capsules,  the  pia  mater  of  the  brain, 
choroid,  bone-marrow,  etc.,  in  primary  pulmonary  tuberculosis.  Tubercle 
has  never  been  seen  in  cartilage,  in  the  external  muscles,  aud  in  the  great 
vessels;  very  rarely  in  the  pharynx,  tonsils,  oesophagus,  vagina,  ovaries, 
heart  and  tongue,  salivary  glands,  thyroid  glands,  skin.  Primary  tubercle 
of  the  gastric  mucous  membrane,  of  the  respiratory  mucous  membrane, 
livor,  spleen,  etc.,  likewise  never  occurs  or  is  extraordinarily  rare.  Not  in- 
frequently tubercle  is  finally  developed  in  many  new  formations,  especially 
in  pseudo-membranes  of  serous  membranes.  Sometimes  there  occurs  an 
acute  or  sub-acute  tuberculosis  (and  usually  at  the  same  time  inflammation 
with  aero-fibrinous  exudation)  of  ono,  rarely  of  many  serous  or  synovial 
membranes;  most  often  in  the  pericardium,  more  rarely  in  the  pleura,  and 
joints,  especially  the  knee-joints,  (Stas  Tuberculous  Inflammation.) 

The  smallest  miliary  tubercles  are  not  visible  to  the  naked  eye  ; especially  on  this 
account  have  the  not  infrequently  occurring  tubercles  of  the  liver,  spleen  and  lymph- 
glands  so  long  been  overlooked.  The  frequency  of  the  former  has  for  a long  time 
been  shown  by  the  author,  that  of  the  latter  by  ScHfPPKt.  According  to  S.  not  ouly 
the  long-known  so-called  scrofulous  gland-tumors  belong  here,  but  also  the  chro- 
nic so-called  lymph-gland  hypertrophies  or  lymph-gland  sarcomata,  which  are  not 
rare  especially  ou  the  neck  of  young  persons : the  latter  are  hypertrophies  with 
miliary  tubercles. 

In  some  organs  tubercles  are  found  distributed  at  various  jmints  in  varying  num- 
ber, sometimes  quite  uniformly  over  the  whole  organ.  The  favorite  seat  in  the 
lungs  is  the  upper  lobes ; in  the  pia  mater,  the  region  between  the  chiasma  and  the 
medulla  oblongata ; in  the  intestinal  canal,  the  ileum  and  coecum  ; on  the  respiratory 
mucous  membrane,  the  jawterior  and  anjterior  surface  of  the  larynx  and  the  small 
bronchi  ; in  the  bones  the  spongy  tissue;  in  the  male  genitals,  the  corpus  llighmori, 
the  head  of  the  epididymis  and  the  gland -lobules  of  the  testicles;  in  the  female,  the 
body  of  the  uterus  and  the  Fallopian  tubes  ; in  the  kidneys,  sometimes  the  cortical 
portion,  sometimes  the  pyramids,  calices  and  pelvis,  etc. 

Tubercles  of  the  choroid,  first  discovered  by  M \xz,  and  more  accurately  described 
by  OOHNIIKIM,  have  recently,  by  means  of  the  ophthalmoscope,  been  made  use  of 
for  the  more  accurate  diagnosis  of  general  acute  miliary  tuberculosis.  They  are 
found  especially  in  the  posterior  section  of  the  eye,  in  the  vicinity  of  the  optio 
nerve  and  macula  lutea  ; they  are  regularly  rounded,  but  of  very  varying  size  ; the 
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larger  are  distinctly  prominent.  (Gilefe  and  Leber,  Arch.  f.  Ophthalmol . 1808 
XIV.,  1.  Abth. . p.  180.)  ’ ’ 

Lazarus  (Beri.  Dm. , 1872)  describes  six  cases  of  disseminate  miliary  tubercu- 
losis in  bone-marrow,  in  each  case  with  intense  tuberculosis  of  the  spleen  and  lymph- 
glands. 

Btesiadecki  (JVwn,  med.  Sitzgsher .,  1808,  LVII.,  p.  788)  has  four  times  found 
tubercle  in  the  larger  blood-coagula  of  serous  membranes.  In  each  case  the  adjacent 
serous  membrane  was  densely  occupied  with  fresh  tubercles  ; the  extravasated  blood 
always  came  from  the  vessels  of  young  pseudo-membranes  (Arch.  d.  Jltiilk.,  XL.  n. 
497.)  ’ ’ ‘ 

The  origin  of  secondary  tubercle  is  explained  sometimes  by  the 
manner  of  spreading  by  the  lymph-  and  bloodvessels,  sometimes  it  is  unex- 
plained. Especially  is  this  true  of  the  so  frequent  tuberculosis  of  the 
mucous  membrane  of  the  great  air-passages  and  intestinal  canal  : in  these 
cases  there  follows  perhaps  a direct  taking  up  by  the  epithelium  of  the 
mucous  membrane.  Certainly  many  so-called  tuberculous  intestinal  ulcers 
are  of  a catarrhal  or  lardaceous  nature. 

Tubercular  disease  is  acute,  subacute,  or  chronic.  In  all  these  cases 
the  tuberculosis  is  either  truly  primary,  or,  according  to  the  more  recent 
views,  it  follows  a chronic  so-called  cheesy  inflammation  of  the  same 
or  of  another  organ.  In  acute  tuberculosis,  within  a few  days  or  weeks, 
numberless,  for  the  most  part  extremely  small  tubercles  (hence  acute 
miliary  tuberculosis)  are  new-formed,  in  one  or  many  organs,  especially  in 
the  lungs,  serous  membranes,  pia  mater  of  the  brain,  liver,  spleen  and  kid- 
neys. in  subacute  and  chronic  tuberculosis  the  first  new-formations  are 
formed  insensibly,  especially  in  some  organs.  After  weeks,  months,  years, 
new  tubercles  appear  in  the  same  or  in  other  organs,  until  finally  through 
succeeding  disease,  or  through  acute  tubercle-formation  death  results. 

The  influence  of  tubercle  on  the  afFected  organ  consists  in  the  destruc- 
tion of  the  tissues  at  the  place  of  the  tubercle,  which,  especially  with  respect  ot' 
size,  number,  and  seat  of  each,  is  important,  as  well  in  compression  or  filling 
out  of  former  hollow-spaces  (especially  in  glandular  organs  and  the  lungs) ; 
in  the  collateral  hypersemia  in  the  vicinity  of  the  tubercle  (hereby  arise 
in  the  brain  softening,  in  the  lungs  inflammation  of  the  lung  tissue  itself, 
of  the  bronchi,  in  the  intestine  catarrh,  etc.) ; in  the  hypenemia  and  inflam- 
mation of  the  surrounding  parts,  of  the  adjacent  serous  and  vascular  mem- 
branes, etc.,  accompanying  tubercle-formation ; in  the  processes  dependent 
upon  tubercular  metamorphosis:  narrowing  of  cavities,  c.g.,  of  the  intes- 
tine; formation  of  so-called  ulcers  and  cavities;  perforation  of  membranes, 
especially  serous  and  mucous  membranes,  of  vessels  in  softening  of  tuber- 
cle (thus  arise  inflammations  of  serous  membranes,  lumnorvhages). 

The  influence  of  tubercle  on  the  whole  organism  depends : upon 
the  above-mentioned  organic  disturbances  (disturbed  respiration,  etc.)  : 
upon  the  fever  often  accompanying  the  development  of  primary  or  second- 
ary tubercle  ; upon  the  diseases  consequent  to  tuberculosis  (besides  those 
above-mentioned  easily  explained,  especially  : thrombosis  of  veins,  lardace- 
ous degeneration  of  the  abdominal  organs,  fatty  heart,  renal  diseases,  etc.). 

The  causes  of  tuberci.f.-forivation  and  of  tuberculosis  are  rarely 
of  a local,  but  for  the  most  part  of  a general  nature,  and  in  both  cases 
predisposing  and  exciting. 

Certain  local  conditions  give  rise  to  tuberculosis,  especially  at  first  of 
the  respiratory  organs,  in  those  perfectly  healthy  and  in  no  manner  dis- 
posed to  it.  In  many  trades  they  produce,  through  inhaled  injurious  sub- 
stances, bronchitis,  pneumonia  or  tuberculosis.  Or  the  respiratory  organs 
are  injuriously  affected  in  various  -ways  by  excessive,  or  unilateral,  or  too 
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little  exercise  of  them.  Foreign  substances  in  the  respiratory  organs, 
especially  strong  mechanical  irritants,  are  direct  causes  of  tuberculosis, 
while  particles  coming  through  the  alveoli  into  the  connective  tissue  front 
the  beginning  lead  to  an  increase  of  nuclei,  etc.,  which  become  transformed 
into  miliary  tubercle.  But  the  secondary  effect  of  these  substances  on  tin 
origin  of  tuberculosis  is  certain  : either  when  they  cause  inflammations  anu 
suppurations,  which  finally  become  cheesy  and  are  later  resorbed ; or  when 
they  enter  the  blood  or  lymphatic  vessels  and  again  passing  out  of  their 
wall  are  the  conditions  of  like  growths. 

In  an  altogether  similar  manner  perhaps  those  substances  act,  which  have 
their  origin  in  the  body  itself,  but  in  various  ways  reach  the  air  passages 
and  the  alveoli  of  the  lungs  : e.g .,  catarrhal  and  other  secretions  in  chronic 
affections  of  the  nose  and  pharynx  (especially  syphilis),  in  chronic  affec- 
tions of  the  larynx,  janhaps  blood  in  haemorrhages  in  the  air-passages  with 
aspirat  ion  of  the  blood. 

According  to  Hikt  (1.  c.)  80  per  efc.  of  those  workmen  who  incur  diseases  through 
inhalation  of  dust,  suffer  from  phthisis : especially  file-cutters,  goldsmiths,  workers 
in  bronze,  stone-cutters,  polishers  of  steel  and  brass,  grinders  of  glass,  porcelain,  etc. 

The  general  eauses  of  tuberculosis  are  partly  those  which  have  been 
acquired  by  inheritance,  partly  those  which  are  due  to  unfavorable  exter- 
nal circumstances.  Hereditary  disposition  to  tuberculosis  shows  either 
no  striking  characteristics  of  construction  of  the  thorax,  etc. ; or  there  is 
found  a weak  organism,  wasted  muscles,  a narrow  thorax,  increased  irrita- 
bility of  the  nerves,  and  al*ove  all  a feeble  resistance  of  the  organism.  In 
both  cases  slight  exciting  causes  of  all  kinds  induce  with  comparative  ease 
tuberculizing  inflammations,  or  directly  tubercles  themselves.  In  a second 
rank,  stand  insufficient  nourishment,  insufficient  dwellings,  etc.,  in  the 
broadest,  sense. 

Of  the  gener  al,  causes,  with  reference  to  heredity,  the  influence  of  parentage  on 
the  origin  of  tuberculosis  of  children  is  without  a doubt  often  to  be  determined. 
Tuberoulosis  affects  children,  if  both  parents  or  only  one  of  them,  especially  the 
mother,  are  tuberculous.  .More  rarely  it  affects  hereditarily  the  second  generation, 
while  the  first  remains  free  from  it.  Likewise  bad  nourishment  is  certainly  a fre- 
quent cause  of  tuberculosis.  This  we  see  in  the  unsuitable  nourishment  especially  of 
small  children,  also  in  prisoners,  the  inmates  of  orphan  asylums,  etc.  ; in  preceding 
exhausting  states,  in  chronic  and  acute  diseases  (long  quiet,  venereal  excesses,  grief 
-—large  watery  evacuations,  round  gastric  ulcer,  diabetes  insipidus  and  especially 
mellitus,  constitutional  syphilis,  cancer  of  the  (esophagus ; typhoid  fever,  acute  ex- 
anthemata) ; in  insane  persons,  who  refuse  food.  BlKCIl-HlBSCllFELD  (Arch.  d. 
lit  ilk. , IN?  | , p.  501 ) describes  two  eases  in  which  extended  miliary  tuberculosis  was 
developed  immediately  after  typhoid  fever.  Tkaube’8  experiments  teach  that  rabbits 
which  have  lived  a long  time  without  a supply  of  water,  show  always  exquisite 
cheesy  inflammations  of  the  lungs. 

Tuberculosis  is  rarely  found  in  those  affected  by  hump-back,  emphysema,  or  dis- 
eases of  the  heart.  LebRUT  ( Perl.  klin.  Wchtchr. , 1807,  No.  22  ff. ) gives  promi- 
nence to  the  influence  of  stenosis  of  the  conus  arteriosus,  of  the  pultnouary  orifice, 
and  of  the  pulmonary  artery,  upon  the  origin  of  tuberculosis. 

Ihe  most  northern  points  of  the  earth  have  a certain  immunity  from  consumption, 
while  the  tropics  show  the  most  considerable  prevalence  and  greatest  rapidity  in  its 
course  (IIlBSCH,  IL*t.-geogr.  Path.,  II..  p.  2,  etc.).  An  elevation  2,000  feet  above  the 
sea  may  be  regarded  as  the  limit  of  the  occurrence  of  consumption.  On  the  islands 
of  the  Baltic  and  North  Seas  (Iceland,  the  southern  shores  of  Wight!  tuberculosis  is 
very  rare,  while  those  of  the  hot  zones  afford  no  immunity.  Tuberculosis  is  rare  in 
malarial  regions. 

Consumption  stands  in  direct  ratio  to  the  density  of  the  population:  hence  its 
frequency  in  cities  and  certain  quarters  of  cities,  in  closed  spaces  preventing  a 
change  of  air  (small  dwellings,  work-rooms,  barracks). 
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The  exciting  causes  of  tuberculosis  are  known  almost  only  with 
respect  to  pulmonary  tuberculosis.  They  consist  in  frequently  repeated 
irritations  and  inflammations  of  the  respiratory  organs  ; in  rude  changes  of 
temperature  (cold)  ; in  increased  moisture  of  the  air  (the  places  free  from 
consumption  are  remarkably  dry) ; in  a continued  residence  upon  clayey 
ground  and  low  regions,  also  in  great  moisture  of  the  soil  (on  porous  ground 
and  in  elevated  regions  tuberculosis  is  rare). 

According  to  the  older  and  more  recent  views,  miliary  tuberculosis  is  a 
specific  resorption-  and  infectious  disease.  This  is  confirmed  bv  the 
following  propositions  : 

The  basis  for  the  development  of  miliary  tuberculosis  is  a cheesy  focus. 
Elements  taken  up  out  of  such  into  the  blood  and  lymphatic  vessels  give 
rise  to  the  multiple  development  of  tubercles  (self-infection).  In  by  far 
the  greater  number  of  cases  one  or  many  cheesy  foci  are  found  in  the 
body.  The  cheesy  focus,  which  leads  to  miliary  tuberculosis,  owes  its  origin 
to  former  inflammatory  states.  Cheesy  foci  are  most  frequent  in  connective 
tissue,  in  previously  inflammatorily  irritated  (so-called  scrofulous)  exter- 
nal and  internal  lymph-glands,  in  bones  (especially  the  bodies  of  the  verte- 
bra) and  extremities  of  joints),  in  the  testicles,  in  the  mucous  membrane  of 
the  uterus,  Fallopian  tubes,  intestines,  in  the  brain,  cheesy-purulent  exuda- 
tions of  serous  membranes,  cheesy  pneumonia,  etc.  The  infectious  material 
of  cheesy  foci,  upon  which  tuberculosis  follows,  contains  something  speci- 
fic. The  cheesy  focus  may  be  incompletely  encapsuled,  not  bounded  on 
all  sides  by  solid  fibroid  tissue.  The  encapsuling  is  not  an  absolute,  but 
a considerable  obstacle  to  resorption.  The  infection  of  neighboring  tissues 
is  an  important  proof  of  the  origin  of  miliary  tubercle  by  resorption.  It 
takes  place  probably  through  the  lymphatic  vessels  or  plasmatic  canals. 
This  infection  of  neighboring  tissues  consists  in  this,  that  tubercles  in  the 
largest  accumulations  always  appear  in  the  immediate  vicinity  of  the  in- 
fecting focus,  and  spread  thence  by  intervals  in  excentric  lines.  Proofs 
are  most  frequently  afforded  by  miliary  tubercle  about  old  intestinal  ulcers, 
more  rarely  those  in  the  vicinity  of  cheesy  carious  vertebra*,  cheesy  bron- 
chial glands,  etc.  While  in  certain  cases  only  this  infection  arises,  in 
others  there  appears  a general  infection.  The  latter  consists  in  this,  that 
similarly  large  and  fresh  miliary  tubercles  are  found  in  many  or  almost  all 
organs  and  tissues  at  the  same  time.  This  general  infection  is  most  fre- 
quent under  24  years  of  age,  i.e.,  during  the  growth  of  the  body,  during 
more  active  lymph-  and  blood-formation.  In  three-fifths  of  the  cases, 
where  a cheesy  focus  has  not  been  found,  the  patients  affected  were  old.  A 
further  proof  is  the  seat  of  the  tubercle  in  lymphatic-bearing  connective 
tissue  of  organs,  the  analogies  of  their  structure  with  that  of  the  normal 
lymphoid  organs  of  the  body,  even  in  the  physiological  condition  which 
calls  it  into  life.  Tuberculosis  has  as  an  infectious  disease  its  analogies  in 
miliary  carcinosis.  It  is  probably  transmissible  from  one  human  individual 
to  another,  like  glanders,  syphilis.  It  as  a rule  is  not  found  together  with 
other  infectious  diseases  (cancer,  typhoid  fever,  pyaemia). 


The  former  was  shown  by  Rokitansky,  the  latter  by  Billroth  and  Menzel 
(Arch.  f.  /din.  Chir.,  XII.,  p.  365)  empirically,  or  statistically. 

The  most  striking  proof  that  tuberculosis  in  a disease  of  resorption,  is  the  result 
of  inoculation,  the  transmissiliility  of  tuberculosis  to  animals. 

Laennec  first  distinguished  primary  and  secondary  tuberculosis : the  latter 
appears  only  after  softening  of  the  former,  and  in  consequence  of  peculiar  chemical 
changes.  Dittrich  (Martius,  Die  Conibinatiomverh. , etc.,  1853)  held  the  origin 
of  tuberculosis  to  be  through  taking  up  of  detritus  of  retrogressively  metamorphosed 
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normal  or  pathological  tissues.  Buhl  regards  miliary  tuberculosis  as  a specific 
disease  of  resorption  or  infection.  The  above  statements  are  from  Beni. ’s  most 
recent  work  (p.  111).  The  virulent  matter,  according  to  Buhl,  passes  over  with 
the  semen  to  ovum  and  so  become  hereditable.  From  the  analogy  of  infectious 
matters,  only  a minimum  of  tubercular  matter  is  necessary  to  generate  the 
specific  disease,  and  in  every  retrograde  formation  of  tissues  and  exudations 
there  is  a stage  in  which  the  signs  characterizing  yellow  tubercle  are  present 
For  when,  at  the  time  of  the  autopsy,  an  old  focus  has  not  been  found 
with  acute  miliary  tuberculosis,  the  former  may  have  disappeared  by  resorp- 
tion. Hoffmann  saw  cheesy  inflammations  leading  to  tuberculosis  not  only  in  the 
lungs,  but  also  in  other  organs,  especially  in  the  urinary  and  sexual  organs : also  he 
lays  the  chief  weight  on  the  accumulation  of  cheesy  masses  of  detritus  in  the  body 
as  an  letiological  factor  of  miliary  tuberculosis.  Also  in  experiments  by  inocula- 
tion, the  local  inoculated  focus  was  more  often  found  to  have  disappeared,  although 
the  internal  organs  showed  acute  tuberculosis.  Numerous  records  of  autopsies  have 
more  recently  been  published,  which  show  the  origin  of  miliary  tuberculosis  from 
cheesy  foci.  Buiil,  in  two  groups  of  84  and  300  cases,  could  not  find  a cheesy  foeus 
in  8.2  p.  ct.  of  the  former,  nor  in  10  p.  ct.  of  the  latter.  II.  Wkbeb  ( Transact . of  the 
Path.  8oc.  of  Loiulun,  1809-70)  found  cheesy  foci  in  sixteen  cases  of  tuberculosis  of 
the  meninges  or  serous  membranes.  But  in  many  of  these  publications,  not  infre- 
quently has  the  cheesy  focus  been  at  once  assumed  to  be  an  old  inflammation- focus. 
And  indeed  in  the  lungs,  from  my  own  experience,  in  the  lymph-glands  according  to 
SchCppel’S  investigations,  there  may  ofteu  be  shown  a oytogenio  or  tuberculous 
structure,  where,  in  accordance  with  the  views  especially  of  Reinhardt,  and  again 
prevailing  but  a short  time  since,  a simple  cheesy  pus-focus  should  have  pre-existed. 

Rindflkisch  ( Nierrhein . Or*,  f.  Nat.-  u.  UHlk .,  Nov.,  1872)  regards  the  cheesy 
products  as  specific,  miliary  tubercle  as  a secondary  product  of  cheesy  transformation. 
The  first,  according  to  him,  is  the  specific  tuberculous  inflammation.  This  forms 
more  or  less  circumscribed  infiltrations  of  the  connective  tissue.  The  infiltration 
consists  of  cells,  which  are  distinguished  from  pus-corpuscles  by  their  abundant, 
fiuely-granular  protoplasm,  anil  which  do  not,  like  pus-corpuscles,  come  from  the 
bloodvessels,  but  from  the  fixed  cells  of  the  connective  substance  and  endothelium, 
perhaps  also  from  smooth  muscular  fibres,  and  the  epithelium  of  the  lungs  and  kid- 
neys. The  nucleus  of  these  cells,  with  the  immediately  adjacent  protoplasm,  secretes 
something  peculiar,  and  swells  into  a tubercle-cell,  while  the  remainder  of  the  cell 
disappears.  Upon  this  PRIM  ART  affection,  with  the  character  of  phthisis  or  ulceration, 
there  follow  the  SECONDARY  affection,  which  consists  in  an  infection  of  the  neighbor- 
hood and  corresponding  lymph -glands,  and  the  TERTIARY  affection,  which  is  the 
expression  of  an  infection  of  the  whole  organism  (miliary  tubercles  of  most  different 
organs). 

Besides  cheesy  inflammation,  blood-effusions  also,  with  retention  of  the  blood  and 
consecutive  drying  and  cheesy  transformation,  have  been  looked  upon  as  causes  of 
secondary  tuberculosis.  Neither  experiment  (see  p.  221 ) nor  pathologico -anatomical 
and  clinical  investigations  have  furnished  certain  proofs  of  this. 

After  inoculation,  miliary  tul>ercles  have  been  found  in  various  organs, 
and  indeed  after  inoculation  of  true  tubercular  substance  as  well  as  of  tuber- 
culized  inflammations,  of  diseased  and  healthy  tissues  of  all  kinds,  of  sub- 
stances not  animal  (e.ff.,  paper).  About  the  substance  introduced  into  the 
abdominal  or  thoracic  cavity  or  under  the  skin,  there  appeal's  an  unencap- 
suled  focus,  filled  with  mucous  pus.  The  taking-up  of  this  by  the  lymphatics 
and.  bloodvessels  appears  to  be  the  condition  of  the  secondary  tubercle-for- 
mation. The  latter  is  present  in  from  twenty  to  fifty  days  after  inoculation. 
Miliary  tubercles  are  found  in  at  least  three  organs,  which  differ  with  the 
mode  of  inoculation : most  often  in  the  lymph-glands  nearest  the  point  of 
inoculation  and  the  corres[>onding  serous  membrane,  in  the  lungs  and  liver, 
Bomewhat  more  rarely  in  the  spleen,  kidneys,  intestines,  etc.  The  tubercles 
are  macroseopically  similar  to  miliary  tubercles.  Most  affirm  the  micro- 
scopical identity  of  tubercle  from  inoculation,  while  others  deny  or  doubt 
this,  either  with  respect  to  all  or  many  of  them.  Inoculation  appears  to 
succeed  better,  if  small  quantities  of  a not  too  irritant  character  are  em- 
ployed, while  lurger  quantities  and  substances  more  strongly  irritant  com- 
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rnonly  give  rise  to  stronger  inflammation  and  suppuration,  but  not  to  tuber- 
culosis. 

Besides  by  inoculation,  tuberculosis  lia-s  been  produced  by  the  use  of 
tuberculous  masses  as  food.  Finally,  it  is  probable  that  the  milk  of  tuber- 
culous animals  generates  tuberculosis  in  those  nourished  by  it.  Likewise 
the  pearly  sickness  of  cattle,  a disease  in  general  similar  to  tuberculosis, 
causes  true  tuberculosis. 

The  inoculation  ok  TUBERCULOSIS  lias  during  late  years  been  a daily  question. 
Disregarding  the  earliest  experiments  with  inoculation  by  Ivortum  (1786),  Cru- 
vkiliiikr  (1825),  and  others,  also  disregarding  the  experiments  connected  with  the 
inoculation  of  glanders  and  farcy  and  their  artificial  production  by  Levell  Vines, 
Renault- Bonney,  and  others,  we  have  the  discovery  in  1884  by  Erdt  (Die  Jiotz- 
<ly*or. , 1808)  of  numerous  knots  in  the  lungs  of  horses  after  inoculation  with  scrofu- 
lous pus  of  man,  by  Klenckk  (1842)  of  pulmonary  and  hepatic  tuberculosis  in  rab- 
bits. through  injection  of  tubercle  into  the  cervical  veins,  also  by  Lkbert  (1851)  of 
similar  results  in  dogs  after  injection  of  pus  into  the  veins.  But  the  greatest  interest 
was  excited  by  the  communications  of  Vii.lkmin  (1865).  V.  introduced  partly  gray, 
but  for  the  greatest  part  yellow  tubercle  masses  and  cheesy  pneumonic  substance, 
also  those  substances  from  man  or  animals,  finely  triturated,  once  or  many  times, 
under  the  skin  of  different  animals,  and,  from  ten  to  twenty  days  thereafter,  found 
fresh  tubercle  in  the  lungs,  still  later  also  in  the  intestines,  mesentery,  etc.,  especially 
in  rabbits  and  guinea-pigs.  From  this  he  concludes  that  tuberculosis  is  a specific, 
virulent  disease.  A.  Vogel  with  horses,  and  especially  Langiians  (die  Uebertrayb. 
d.  Tubero.  avf  Knnirtohen , 1868)  with  rabbits,  Bikfi,  Vkrga,  Sangalli  with  mules, 
cows,  sheep,  dogs,  mice,  could  not  obtain  the  same  results.  On  the  other  hand, 
Hkrard  and  Cornil  (Union  med,,  1866,  Nos.  128  et  130),  Hoffmann  (1.  c.),  Colin, 
Higher,  Em  pis,  Manteoazza,  Bizzozkro,  Lkbert,  and  Wyrs  ( Virch.  Arch.,  XL., 
1>.  200;  XLI.,  p.  540),  Klkbs,  K.  1st  hr,  Walden  burg,  B linen  (Nedcrl.  Tijdxchr. , 
1868,  p.  255),  Simon  and  Sanderson,  W.  Fox,  Papillon,  Nicoi.  and  Lavehan, 
and  others,  succeeded  in  many  inoculations  with  the  same  or  similar  substances 
(cheesy  pneumonic  lungs,  cheesy  hypertrophic  lymph-glands,  cavernous  and  bronchial 
secretions,  etc.),  with  substances  of  different  kinds  not  tuberculous,  also  those  which 
had  lain  in  alcohol.  Simon  and  Sanderson  saw  miliary  tubercle  also  in  consequence 
of  suppuration  after  the  use  of  setons,  which  had  been  applied  for  a long  time. 

Cohn  it  him  and  Frankel  found  miliary  tubercles  in  the  peritoneum  (the  place  of 
inoculation),  liver,  spleen,  pleura,  lungs,  etc.,  not  only  after  inoculation  of  tubercu- 
lous substances,  but  also  after  that  of  any  portion  of  dead  bodies  or  of  any  kiud  of 
substance  (blotting-paper,  gutta-percha,  etc.).  In  favorable  cases  there  appeared  in 
the  inoculated  animals,  mostly  guinea-pigs,  about  the  inoculated  body  a focus  limited 
by  a vascular  capsule,  and  filled  with  an  odorless,  white,  tenacious  substance.  Ac- 
cording to  the  authors,  it  is  the  dead  and  inspissated  pus,  the  taking  up  of  which  into 
the  circulation  causes  the  formation  of  tubercle.  (This  metamorphosis  of  pus  is  fre- 
quent in  rabbits,  guinea-pigs,  etc.,  rare  iu  dogs,  on  account  of  which  in  the  latter 
tuberculosis  arises  only  when  inspissated  pus  is  injected  directly  into  the  hu- 
mors. ) The  tubercle  had  therewith  lost  its  specific  character.  The  old  strife,  whether 
tubercle  is  a specific  new-formation  (Bayle,  Virchow,  Buhl,  Villkmin,  Klebs, 
and  others)  or  a product  of  inflammation  (BroUSSAIS,  Reinhardt,  COHNHEIM,  Nie- 
meyeh,  and  others),  seems  thereby  at  least  in  part  to  be  set  at  rest. 

And  yet  Klebs,  Bernhardt  ( D.  Arch.  f.  hlin.  Mid.,  1861).  V..  p.  568),  and  others 
reached  somewhat  different  results.  The  latter  found  that  disinfection  of  the  tuber- 
culous substance,  inoculated  from  man  as  well  as  from  rabbits,  diminished  its  infec- 
tiousness to  a high  degree.  Tuberculosis  may  accordingly  be  traced  back  to  mechani- 
cal causes  (capillary  embolisms  of  metamorphosed  products  of  inflammation — Wyss), 
or  it  arises  through  taking  up  very  finely  divided  particles,  smaller  or  at  least  not 
larger  than  blood-corpuscles,  into  the  blood  and  their  deposition  into  various  organs 
(Wai.denburg).  Probably  these  particles  act  only  or  chiefly  in  a mechanical  man- 
ner. This  view  is  supported  also  by  the  predilection  of  the  inoculated  tubercle  to 
lie  in  proximity  to  the  vessels  and  even  the  vessel-wall  (Pox,  Wyss,  Walden  burg). 

Some  other  experimental  pathological  facts,  like  the  assumptions  of  Panum 
( Virch,  Arch.,  XXV.,  p.  487)  and  Denkowski  (Mod.  Ctrlbl.,  1865,  No.  3),  are  still 
more  doubtful. 

Further,  the  generation  of  tubercle  has  been  experimented  on,  not  only  by  inocu- 
lation, but  by  feeding,  with  similar  results  : Guauveau,  Aufkecht  (Med.  Cent  radii, 
1806,  Vo.  28),  and  others. 
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Through  experiments  on  inoculation  of  tuberculosis,  an  importance  has  been  given 
anew  to  a disease  of  cattle,  which  bears  manifold  resemblance  to  tuberculosis  of  man: 
this,  the  so-called  pearly  sickness  or  French  disease  of  cattle  is.  according  to  V irchow, 
a lympho-sarcomatosis ; according  to  Leiseking  (Her.  ub.  d.  Vcterinarutsen  in 
Sachsen,  1864),  GerlaCH,  Fuchs,  ZOkn,  and  others,  it  is  a true  tuberculosis.  Accord- 
ing to  SchCppel  ( Vireh.  Arch .,  1872,  LVI.,  p.  88),  it  is  histologically  identical  with 
tuberculosis.  It  is  distinguished  by  this,  that  the  reticulum  does  not  undergo  retro- 
grade metamorphosis,  and  that  the  pearly  knots  become  calcified  throughout  and  very 
early.  It  always  appears  primarily  on  the  iliapliragm  and  peritoneum,  then  attacks 
the  lymph-glands,  especially  of  the  breast  and  abdomen,  rarely,  and  for  the  most  part 
in  slight  degree,  the  parenchyma  of  the  lungs,  liver,  and  Fallopian  tubes.  Chau- 
veau  first  showed  that  the  pearly  sickness  of  cattle  is  transmissible  to  cattle.  Klkbs 
( Virch.  Arch.,  LI.,  p.  291)  found  that  guinea-pigs,  after  inoculation  of  matter  gener- 
ated by  the  pearly  sickness,  were  affected  by  general  tuberculosis,  and  that  calves, 
inoculated  with  human  tubercles,  were  affected  by  pearly  knots.  GERLACH,  Harms 
and  GCnthkk,  and  Leiseking  obtained  analogous  results.  GerlaCH  ( Virch.  Arch., 

1871,  LI.,  p.  290)  fed  two  calves,  two  swine,  one  sheep,  and  two  rabbits  with  the 
milk  of  a cow  affected  by  pearly  disease.  With  the  exception  of  one  animal,  there 
were  found  in  the  four  different  kinds  of  animals,  swellings  and  tuberculous  degen- 
eration (gray  nodules,  small  cheesy  foci,  and  deposits  of  lime  salts)  of  the  mesenteric 
glands,  and  miliary  tubercles  in  the  long*.  Leiseking  ( Her.  ub.  d.  Veter.,  1870) 
found  that  also  boiled  matter  of  pearly  sickness  was  inoculated  with  success.  From 
the  experiments  uIkivc  given  and  from  his  own.  Zi  HN  (Zoopath.  u.  toojdiyaM.  Vntera., 

1872,  p.  1 ) draws  the  following  conclusions : subcutaneous  or  peritoneal  inoculation 
of  the  matter  of  |>early  disease  generates  miliary  tuberculosis  in  swine,  rabbits,  and 
sheep; — feeding  with  this  matter  has  the  same  effect; — the  pearly  disease  of  cattle 
owes  its  origin  to  the  same  virus  as  tuberculosis  of  man  ; — feeding  with  this  matter 
boiled  acts  like  that  not  boiled  ; — the  raw  meat  of  animals  strongly  diseased  w ith  the 
pearly  disease  may  infect  healthy  animals,  boiled  meat  probably  not 

According  to  Keebs  (Arch.f.  exp.  Path.,  1878,  I.,  p.  168),  it  is  only  an  admixture 
of  cheesy  pus  which  produces  tuberculosis.  The  iniik  of  tuberculous  cows  generates 
tuberculosis  in  different  animals.  It  usually  begins  with  intestinal  catarrh,  then 
leuds  to  tuberculous  affections  of  mesenteric  glands  (scrofulosis  , also  to  tuberculosis 
of  the  liver  and  spleen,  and  finally  to  extended  miliary  tuberculosis  of  the  thoracic 
organs.  Thus  is  the  course  the  same  as  that  of  human  scrofulosis  and  secondary 
tuberculosis  Tuberculous  infection  by  milk  may  be  overcome  by  a strong  organism, 
as  the  already  formed  tubercle  may  be  resorbed  or  healed  by  the  formation  of  cica- 
trix. The  tuberculous  virus  is  present  in  the  milk  of  sick  cows.  It  is  found  in  form 
of  solution  in  the  serum  of  the  milk.  It  is  probably  not  destroyed  by  the  common, 
not  very  careful  mode  of  cooking. 

Ki’uk  i lie  dr.  z.  Lehre.  r.  d.  Tnberc.,  Bert.  Di*t.,  1809)  found  that  idiopathic  tubercu- 
losis occurs  in  guinea-pigs.  He  also  demonstrated  i against  Sanderson,  Fox,  CoiIN- 
IIKIM,  and  others),  that  tuberculosis  may  appear  after  inoculations,  without  the  pre- 
sence of  pus-focus  dependent  upon  the  operation  and  introduction  of  a foreign  body. 

From  the  experiments  of  Bogoslovsky  (Med.  CtrlbL , 1871.  No.  7),  who  inocu- 
lated various  animals  with  the  serum  only  or  only  the  formed  elements  of  the  same 
tuberculous  pus,  it  was  shown  that  only  the  latter  were  effectual. 

Accurate  histological  investigation  of  tul>erclc  of  inoculation  was  neglected  by  most, 
and  the  statements  of  KoSTEU  ( 1 erh.  d.  (Viirzb.  phyt.  -iitcd.  ties.,  June,  1869)  appear 
to  justify  many  experimenters.  Others  describe  tubercle  from  inoculation  accurately, 
and  regarded  it  as  composed  in  the  old  manner.  According  to  Fox  and  Sanderson, 
tubercle  is  equivalent  with  cytogenicor  adenoid  tissue.  According  to  S.  the  tnbercle 
from  inoculation  of  the  pleura,  peritoneum,  etc.,  is  not  an  alisolute  new-formation 
but  a hyperplasia  of  normal,  very  small  lymph-nodules.  Keeks  and  AUFRECHT 
found  giant  cells  in  it. 

The  inlhunraatory  affections  often  occurring  in  man  with  miliary  tubercle,  were 
also  often  found  in  tuberculosis  from  inoculation,  as  it  appears,  especially  if  the  in- 
oculated matters  were  adulterated  with  mechanical  or  chemical  irritants. 


Scrofulosis. 

Scrofulosis  is  a disease  especially  of  childhood  and  youth.  It  is  either 
congenital  and  occurs  in  the  children  of  scrofulous  or  aged  or  nearly  related 
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parents,  or  in  tertiary  syphilis,  tuberculosis,  etc.,  of  the  parents,  especially 
of  the  mother.  Or  it  is  acquired:  by  cold,  moist,  badly  ventilated,  sunless 
abodes,  unsuitable  nourishment,  little  movement  of  the  body,  by  preceding 
severe  sickness  in  the  first  months  of  life  (measles,  whooping-cough).  It 
rarely  appears  before  the  end  of  the  first,  mostly  in  the  second  and  third 
years  of  life,  not  infrequently  still  later. 

The  symptoms  of  scrofulosis  are : inflammations  of  the  skin,  in  the  sub- 
cutaneous cellular  tissue,  of  the  bordering  mucous  membranes : eruptions 
on  the  skin,  especially  of  the  head  and  face,  chiefly  in  the  region  of  the  nose, 
mouth,  eyes,  and  ears,  mostly  of  an  eczematous  or  impetiginous  form ; in- 
flammations of  various  kinds  of  the  eyes,  often  with  great  photophobia ; 
discharges  from  the  ears  ; catarrhs  of  the  mouth  and  throat ; inflammations 
of  the  bones,  including  the  joints,  sometimes  only  of  the  periosteum,  some- 
times of  the  bone  itself,  not  infrequently  with  termination  in  caries  or 
necrosis,  most  often  of  the  vertebrae,  of  the  small  bones  and  joints  of  the 
extremities;  inflammations  in  the  external,  more  rarely  in  the  internal 
(previously  normal  or  hypertrophic)  lymph-glands,  sometimes  of  the  com- 
mon character  of  cellular  hyperplasia,  sometimes  with  simultaneous  forma- 
tion of  pus,  sometimes  with  formation  of  miliary  tubercles.  The  cheesy 
masses  of  the  lymph-glands  are  of  the  most  varying  size : sometimes  hardly 
visible,  sometimes  of  the  size  of  a pea  and  larger,  sometimes  involving  the 
whole  gland.  All  these  inflammations  run  their  course  slowly,  and  lead 
with  a for  the  most  part  slight  hyperjemia  to  common  dry  suppuration  and 
ulceration  ; those  of  the  lymph-glands  easily  pass  to  the  limiting  mem- 
brane, or  mucous  membrane.  For  the  most  part  the  face  presents  a 
bloated  appearance,  the  lips  and  nose  are  thick,  as  if  (edematous,  the  skin 
dirty-pale,  the  subcutaneous  cellular  tissue  comparatively  rich  in  fat,  tho 
muscles  spare,  the  abdomen  prominent,  the  extremities  thin : so-called 
torpid  scrofulosis.  More  rarely  is  there  emaciation  and  a moderate  red- 
dening of  the  skin : so-called  erethistic  scrofulosis.  In  both  cases  the 
quantity  of  the  blood  in  general  is  diminished.  Especial  blood-changes  are 
not  known. 

The  individual  affections  of  the  scrofulous  perhaps  have,  according  to  the 
older  view,  nothing  peculiar.  This  holds  good  of  inflammations,  as  well  as 
of  non  inflammatory  swellings.  The  latter  are  sometimes  more  like  chronic 
cedematous  infiltrations,  sometimes  more  like  tedematous  connective-tissue 
hypertrophies.  Characteristic  of  it,  however,  are : the  great  ease  of  its  ap- 
pearance (so-called  vulnerability  of  tissues),  the  obstinacy  of  its  duration 
(mostly  for  years),  or  of  its  return  without  demonstrable  cause,  the  ease 
with  which  the  lymph-glands  participate  (at  the  beginning  in  form  of  an 
enlargement  of  their  cells  and  of  an  increase  of  them,  later  in  form  of  cheesy 
transformation  and  secondary  softening),  and  the  length  of  time  with 
which  suppuration  of  the  latter  outlasts  the  primary  affections  of  the  skin 
and  mucous  membranes. 

The  termination  of  scrofulosis  is,  in  its  lower  grades,  for  the  most  part, 
recovery,  in  its  higher  grades  not  infrequently  death.  The  latter  results : 
through  scrofulous,  or  tuberculous  suppurations,  or  through  miliary 
tuberculosis  of  internal  organs  (mesenteric  and  bronchial  glands  for  tho 
most  part  with,  rarely  without  tuberculosis  of  the  intestines  and  lungs) ; 
through  severe  suppurations  of  the  joints  and  bones  with  consecutive  maras- 
mus or  with  lardaceous  degeneration  of  different  organs ; rarely  through 
general  anaemia. 

Scrofulosis  and  tuberculosis  are  held  by  many  to  be  identical,  by  others 
to  be  different.  More  recent  investigations  have  shown  that  there  is  no 
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essential  histological  distinction  between  tuberculosis  and  scrofulosis  of  the 
lymph-glands.  This  identity  is  supported  by:  the  frequently  simultaneous 
occurrence  of  tuberculosis  and  scrofulosis  ; the  circumstance,  that  scrofulous 
children  not  infrequently  become  tuberculous ; that  scrofulous  new-forma- 
tions  resemble  the  tuberculous,  not  only  of  themselves,  but  also  in  their 
most  frequent  metamorphoses  (cheesy  transformation  or  simple  atrophy). 

According  to  Klebs,  forms  of  disease  of  the  lymph-glands  may  be  produced  by 
inoculation  of  tuberculous  matter,  which  forms  of  disease  bear  a perfect  resemblance 
to  scrofulous  forms  of  disease  of  the  glands  in  man. 

Consult,  on  the  histological  relations,  ScuCPi’EL  d' liters,  fiber Lymphdru*en-Tubere. , 
1871).  According  to  Sen.,  cheesy  metamorphosis  of  the  lymph-glands  depends  upon 
the  presence  of  tubercles.  The  latter  are  found  always  and  exclusively  in  the  vascu- 
lar follicles  of  the  glands,  and  have  the  structure  above  given.  Their  further  fate  ia 
most  frequently  necrosis  of  the  cells  as  well  as  of  the  reticulum,  more  often  with 
subsequent  softening,  lea-*  frequently  with  eneapsuling  or  with  deposit  of  calcareous 
salts  ; resorption  rarely  occurs,  and  only  to  a limited  extent. 


2.  Lymphatic  new-formation,  lymphoma. 

Virchow.  Fror.  Not.,  IBP),  p.  780;  A rch. , 1847.  I.,  p.  509;  V.,  pp.  58  et  125; 
WA nb.  Verb.,  I.,  p.  81  ; VII..  p.  115;  Die  krkh.  Getenw.,  II.,  p.  559. — Bennett, 
Eiiinb.  Med.  J..  Oct.,  1845. - Beni.,  Zteehr.  f.  rat.  Med.,  1856,  VIII. — E.  Waonkr, 
Arch.  f.  phyt.  Heilk,  1858,  p.  441  ; Arch.  d.  He  ilk,  I.,  p.  322;  II.,  p.  103;  V.,  pp. 
90  et  262.— Friedreich.  Ytrrh.  Arch.,  1^57,  XII..  p.  37. — B.’Vttcher,  Vi  rrh.  Arch., 
1858,  XIV..  p.  483;  XXXVII.,  p.  1 63. — Volkmann,  Abh.  <i.  Naturf.  (let.  in  llalle, 
1858. — Beckmann,  FireA.  Arch  , I860.  XIX.,  p.  537. — Dkiters,  Deutsche  Klinik, 
1861,  Nos.  15,  18.  19,  22.— Forster,  Wurzb.  med.  Zteehr.,  III.,  p.  203  ; Utah.  d. 
path.  A not.,  6.  Anfl.,  1864,  p.  119. — BECKLlSOHAtlSEN,  Yirch.  Arch..  1864,  XXX., 
p.  370. — Simon.  Med.  Ctrlbl. . 1868,  No.  53. — Hoffmann.  Un-ten  ub.  d.  path  -anaL 
Ycr.  d.  Orc/i;.  biitn  Abdrnn.  - Ti/ph. , 1809. — Neumann,  Arch.  d.  J/iitk.,  1870.  XL,  p. 
1:  Schmidt’s  Jahrb.,  xcvii..  p.  208;  CXI I..  p.  33;  CXV.,  p.  175.—  VVai.dkykr, 
Yirch  ,1  rch. , 1871,  LI  I.,  p.  305. — WoLFKHf  GEL,  Zur  Kenntn.  UuJcdm.  Neubild. , 
Wiir*5,  Diet.,  1871. — PoNFiCK,  Yirch.  Arch.,  1872,  LVI.,  p.  534. 

(See  besides,  the  literature  of  typhoid  fever  and  leucocythajmia.) 

Lymphatic  nkw-FOUMations  are  nearly  always  small,  even  micro- 
scopical, rarely  larger,  appearing  in  form  of  tumors,  or  as  infiltration,  white 
or  gray-white,  for  the  most  part  soft,  rarely  firm.  They  consist  of  small  or 
medium-sized,  rounded,  bright  nuclei,  and,  as  a rule  simultaneously,  of 
small  cells,  which  are  similar  to  lymph -corpuscles  or  colorless  blood-corpus- 
cles ; sometimes,  however,  they  are  larger.  Both  lie,  in  varying  quantity  and 
with  an  abundant  or  scanty,  for  the  most  part  semi-fluid,  rarely  at  points  or 
wholly  fibrous  intermediate  substance,  between  the  normal  elements. 

Lymphatic  new-formation  shows  manifold,  in  8|>ecial  cares  sometimes  not 
recognizable  transitions  to  granulation-tissue,  on  the  one  hand,  but  is  to  be 
distinguished  from  it  by  this,  that  it  is  never  transformed  into  connective 
tissue  (see  p.  380) ; nor,  on  the  other  hand,  to  hyperplastic  or  even  to 
heteroplastic  new-formation  of  cytogenic  tissue  (see  p.  440). 

Lymphatic  uew-formations  occur  constantly  in  typhoid  fever,  frequently 
in  leucocythiemia,  sometimes  also  in  measles,  scarlatina,  and  variola,  in  puer- 
peral fever,  diphtheria,  chronic  diseases  of  the  heart,  Bright’s  disease,  etc. 

I hey  are  often  found  in  the  granulation-tissue  of  every  locality,  as  well  as 
iu  many  connective-tissue  hypertrophies  of  the  skin. 

In  TYPHOID  FEVER  these  uew-formations  form  the  only  essential  anatomi- 
cal condition  in  the  small  intestine,  in  the  corresponding  mesenteric  glands, 
in  the  spleen,  not  infrequently  also  iu  the  liver,  sometimes  in  the  large  in- 
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testine,  in  the  kidneys,  the  peritoneum,  the  laryngeal  mucous  membrane, 
etc.  In  the  intestinal  canal  and  mesenteric  glands  there  arise  thereby  the 
known  pulpy  infiltration,  in  the  spleen  the  soft  swelling,  in  the  liver,  kid- 
neys, and  peritoneum  various  numerous,  for  the  most  part  small,  even 
microscopical,  gray  or  white,  soft  granules. 


The  new-formed  nuclei  and  cells  have  sometimes  the  significance  of  an  increase  of 
gland-juice,  as  in  the  solitary  follicles  of  the  large  and  small  intestines,  in  Peyer’s 
patches,  in  the  lymph-glands  of  the  mesentery,  liver,  spleen,  kidneys,  bronchi,  spleen  ; 
sometimes  they  form  an  infiltration,  or  have  the  form  of  very  small,  gray-white,  soft, 
isolated  or  confluent  granules.  This  is  the  case  in  the  capsule  of  the  intestinal  fol- 
licles, in  the  connective  tissue  of  the  mucous,  sub-mucous,  muscular,  subserous,  and 
serous  tunics  around  the  affected  follicles  of  the  intestine,  in  the  capsule  of  the 
lymph -glands,  in  the  connective  tissue  surrounding  these,  in  the  connective  tissue  of 
the  hiius  of  the  glands,  in  the  liver,  where  the  granules  are  met  with  in  the  interior 
of  the  acini  or  in  the  sheaths  of  the  vessels,  in  the  kidneys,  where  they  occur  espe- 
cially in  the  cortical  substance,  in  rare  cases  also  in  the  mucous  membrane  of  the 
urinary  passages,  and  in  the  peritoneum  at  a distance  from  the  affected  follicles. 

With  respect  to  the  DESTINY  and  the  metamorphoses  of  lymphatic  new- 
formation,  we  know  them  only  as  they  occur  in  typhoid  fever.  In  what 
relation  it  stands  to  the  constantly  accompanying  general  affection  is  not 
known. 

Lymphatic  new-formation  in  typhoid  fever  is  either  resorbed  by  way  of  fatty 
metamorphosis  : the  most  frequent  process.  Or,  there  appears  a simple  atrophy  of 
it,  sometimes  with  fatty  metamorphosis : sloughing,  especially  on  the  intestinal  mu- 
cous membrane.  Or,  softening  appears  through  increase  of  the  fluid  basis  substance. 
Or,  there  appears  calcification. 

Heschl  ( Wien.  med.  Wschr.,  1871,  No.  84)  found  in  the  typhous  infiltration  of  the 
intestines,  in  the  mucous  membrane  within  the  very  distinct,  often  isolated  adventi- 
tia capillane , the  nuclei  in  the  vessel-wall  swollen  to  three  times  their  diameter  and 
twice  their  length,  projecting  from  all  sides  into  the  lumen  of  the  vessels,  the  latter 
correspondingly  narrowed,  and  wavy;  the  dilated  vessels  were  densely  filled  with 
blood-corpuscles.  Many  capillaries  were  wider,  provided  with  enlarged  nuclei,  and 
contained  white  and  red  blood-corpuscles : the  former  in  comparatively  larger  num- 
ber ; many  of  these  were  far  larger  (two  to  three  times)  than  normal,  and  resembled 
the  larger  cells  of  typhoid  infiltration  found  outside  of  the  vessels.  All  this  explains 
the  slocgii-formation,  since  the  narrow  portions  of  the  capillaries  cannot  be  passed 
by  the  enlarged  blood-corpuscles.  (H.  saw  a similar  thing  long  ago  in  intlammatory 
induration  of  the  lungs.)  In  the  longitudinal  muscular  layer,  11.  found  quite  con- 
stantly an  increase  of  the  muscular  nuclei.  The  muscle-cells  commonly  divide  into 
many  parts,  which  finally  assume  the  form  of  other  typhous  cells,  and  between  the 
muscular  bandies  form  nests  of  cells. 

In  other  contagious  diseases,  only  in  some  cases  has  lymphatic  new- 
formation  been  found,  especially  in  those  of  the  liver  and  spleen,  rarely  of 
other  organs.  In  variola  vera  it  is  most  constant  in  the  spleen  in  form  of 
round  nodules  or  branched  striae  which  correspond  to  the  distribution  of 
the  vessels. 

Roth  ( Virch.  Arch.,  1872,  LTV.,  p.  254)  found,  in  a very  chronic  case  of  pharyn- 
geal diphtheritis,  in  part  large  lymphatic  growths  in  the  kidneys,  liver,  submucous 
coat  of  the  stomach  and  intestines,  larynx,  cellular  hyperplasias  in  the  spleen  and 
lymph-glands. 

Leucocyth.emio  new-formations  occur  most  frequently  in  the  spleen 
(so-called  lienal  leucocythaemia),  in  the  lymph-glands  (so-called  lympha- 
tic leucocy tluemia),  and  probably  in  the  medulla  of  bones  (so-called  myelo- 
genic or  MEDULLARY  leucocythaemia),  more  rarely  in  the  liver,  rarely  in 
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the  kidneys,  mucous  membrane  of  the  stomach,  jejunum,  ileum,  rectum, 
the  great  air-passages,  in  the  pleura,  peritoneum,  pericardium,  periosteum, 
tonsils,  choroid,  brain  (so-called  neo  plastic  leucocy  tliauma).  The  spleen 
and  lymph-glands  thereby  become  uniformly,  and  not  infrequently  to  five 
and  even  twenty  times  enlarged.  The  leucocythaeruic  spleen  occurs  in 
two  forms:  in  the  diffuse  form  the  cellular  growths  are  uniformly  distrib- 
uted through  the  spleen  in  the  arterial  sheath ; while  in  the  other  form 
the  lymphoma-formation  affects  only  the  follicles  of  the  spleen.  The 
bone-marrow  (of  tubular  bones  as  well  as  of  the  sternum,  ribs,  and  verte- 
bra*) is  uniformly  greenish-yellow,  but  in  the  air  is  grayish-red.  In  tho 
remaining  organs  there  are  found  for  the  most  part  small,  sometimes  micro- 
scopical, round,  spherical  (sometimes  like  miliary  tubercle),  more  rarely 
larger,  flat  round,  branched  or  directly  infiltrated  masses.  They  for  the 
most  part  show  no  essential  change,  or  only  slight  simple  atrophy  or  fatty 
• metamorphosis;  leucocythsemic  ulcers  and  cavities  rarely  occur.  They  are 
for  the  most  part  chronic,  in  very  rare  eases  acute. 

The  more  immediate  relation  of  leucocythsemic  now-formations  to  in- 
crease of  colorless  blood-corpuscles  is  not  yet  known. 

Deiters  communicates  a case  anomalous  in  many  respects,  and  important  on 
account  of  its  relation  to  leucocythtemia.  He  found  lines  of  spindle-shaped  cells,  of 
which  the  most  external  layers  were  used  in  the  formation  of  the  capillary  wall,  the 
internal  in  the  formation  of  lymph-cedis. 

Ollivikk  and  Uanvif.h  (Gm.  mid.  <1*  Par.,  18(17.  No.  24)  regarded  lymphatic 
new -format  ions  in  various  organs  in  leucocythtemia  as  arising  through  bursting  of  the 
bloodvessels,  exit  of  lymphoid  corpuscles  and  increase  of  them  at  the  place  of  their 
escape.  E BERTH  (Virch.  Arch.,  XL! II.,  p.  8)  questions  whether  the  elements  of 
leucocythsemio  growths  tnay  not  lie  direct  descendants  from  the  blood.  KAstkr 
{Med.  Centr.,  18(58,  No.  2)  holds  that  iu  leuoocy  thaetn ia  the  colorless  blood -corpuscles 
penetrate  into  serous  membranes  and  cavities  But  he  could  not  con  vino?  himself 
with  respect  to  a new-fonnation  iu  serous  connective  tissue.  Also  the  lymphoid  cells 
occurring  in  leucocy  thaem  ia  in  interstices  of  organs  diver,  kidneys)  he  regards  as  emi- 
grated colorless  blood -cel Is. 

Kuib  ( Wien.  tned.  Wocktntchr. , 18(52,  No.  3->  et  38)  objects  to  tho  assumption  of 
the  so-called  leucocythiemic  tumors  of  the  lymph-glands  : 1,  thnt  a blood- change  analo- 
gous to  that  in  lymphatic  leucocy thaunia  occurs  also  without  lymph-gland  tumors ; 2, 
there  are  sufficiently  precise  observations  of  very  considerable  hyperplasia:  of  lymph- 
glands  without  a corresponding  blood- change.  According  to  K.  there  are  no  spe- 
cific tumors  belonging  to  leuoocy  Uuemia  or  dependent  upon  it,  consequently  also  no 
leucoeythaunie  tumors. 

Bern,  (Lungenmte,  etc.,  1872,  p.  133)  first  drew  attention  to  the  frequency  of 
LYMPHOMA-FORMATIONS  IN  EMBRYONIC  connective  TISSUE  (granulation  connec- 
tive tissue);  that  lymphomata  occur  in  corresponding  inflammations  of  serous  mem- 
branes, etc.,  so  much  the  more  certainly  as  the  new -formation,  in  opposition  to  the 
intercellular  substance,  is  richer  in  cells.  Generally  there  is  a more  extensive  em- 
bryonic connective  tissue  new-fonnation  without  lymphoma-formation.  If  the  lym- 
phomata are  few  in  number,  they  become  resorbed. 

XI L NEW-FORM  ATION  OF  (TRUE)  EPITHELIUM. 

The  literature  is  found  in  that  of  healing  of  wounds  i'p.  377),  os  well  as  in  that  of 
some  new-formations  consisting  of  epithelium,  especially  adenoma  and  epithelial 
cancer.  The  epithelium  of  the  organs  of  sense,  as  the  rods,  etc.,  of  the  retina,  are 
left  out  of  consideration  in  the  following  remarks. 

New-formation  of  true  epithelium  is  of  frequent  occurrence.  It 
embraces  all  those  formations  which  in  the  normal  development  of  the  body 
proceed  from  the  external  germinal  layer  (exclusively  of  the  nervous  sys- 
tem) and  from  tho  internal  germinal  layer:  thus  the  epidermis  with  the 
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rete  Malpighi,  the  cutaneous  glands,  the  hair,  the  epithelium  and  glands  of 
the  mouth,  throat  and  nose,  the  crystalline  lens,  the  kidneys,  and  genital 
glands ; also  the  gastric  and  intestinal  epithelium,  intestinal  glands,  liver 
and  epithelial  elements  of  the  respiratory  system. 

(On  the  new-formation  of  so-called  false  epithelium,  see  p.  894.) 

Under  normal  conditions,  the  distinction  between  true  and  false  epithelium  (so- 
called  endothelium)  is  easy  at  least  in  those  parts  which  are  of  interest  to  us.  Under 
pathological  conditions,  on  the  other  hand,  this  is  not  infrequently  difficult  or  even 
altogether  impossible.  The  following  characteristics  belong  to  true  epithelium : 
origin  from  the  external  or  internal  germinal  layer ; true  epithelial  cells  are  always 
connected,  but  ouly  by  an  intercellular  substance,  a cement ; they  contain  no  blood- 
or  lymphatic  vessels  (Waloeyer). 

Hrs  distinguishes  only  two  germinal  layers,  the  archiblast  and  the  parablast.  The 
former  has  its  origin  from  the  cells  of  the  ovum,  the  latter  from  the  white  yolk. 
The  archiblast  embraces  all  tissues,  except  vessels  (with  blood)  and  connective  sub- 
stances. 

Concerning  the  form  and  locality  of  pathological  new-formation  of  true 
epithelium,  and  of  forms  derived  from  it,  there  are  three  opposite  views : 
the  one,  which  makes  this  epithelium,  etc.,  to  arise  only  from  pre-existing 
epithelium  of  the  external  or  internal  germinal  layer,  which  thus  transfers 
the  normal  processes  of  development  to  pathological  processes  ; the  other, 
which  besides  this  genesis  assumes  another  origin  of  true  epithelium  from 
connective  tissue,  and  either  by  growth,  etc.,  of  the  connective-tissue  cor- 
puscles, or  by  metamorphosis  of  migratory  colls  into  epithelial  cells,  thus 
from  elements  of  the  middle  germinal  layer ; and  the  third,  whereby  the 
epithelium  arises  from  free  blastema,  which  is  a product  of  the  epithelium 
or  of  the  subjacent  tissue.  The  first  view  is  by  far  the  best  supported 
theoretically,  as  well  as  by  experimental  investigations,  observations  on  the 
dead  body  and  in  the  sick.  (See  p.  361.) 

New-formation  of  epithelium  occurs  likewise  in  form  of  regeneration, 
hypertrophy,  and  tumor.  Both  of  the  latter  forms,  however,  have  such 
manifold  transitions,  that  a separate  consideration  of  them  is  for  the  most 
part  impossible. 

New-formed  epithelia  are  found  either  in  localities  where  it  occurs 
normally,  as  in  the  skin  and  mucous  membranes,  in  true  glands;  or  they 
grow  into  other  forms  of  tissue,  e.g.,  epithelium  of  mucous  membrane 
into  mucous  and  submucous  tunics,  etc.  (so-called  heterotopia).  They 
repeat  in  both  cases  either  the  normal  gross  and  fine  forms  (homologous 
new-formations) ; or  they  depart  from  it  more  or  less  (heterologous  new- 
formations,  glandular  tumors,  many  cysts,  epithelial  cancers).  They  occur 
finally  either  alone,  or  there  is  developed  with  them  simultaneously  vas- 
cular connective  tissue. 


1.  NEW-FORMATION'  OF  EPITHELIUM  ALONE. 

A.  New-formation  of  epithelium  as  regeneration. 

A regeneration  of  epithelium  of  every  kind  is  of  very  frequent  occurrence. 
If  the  epithelium  is  poly-laminar,  as  on  membranes,  etc.,  and  the  upper 
epithelial  layers  only  are  destroyed,  while  the  lowermost  remain,  as  is  the 
case  in  traumatic  erosions  of  the  skin  and  mucous  membranes,  in  many 
catarrhal  inflammations,  regeneration  probably  takes  place  in  the  same 
manner  as  under  normal  conditions. 

But  in  those  cases,  where  ail  the  layers  of  the  epithelium  are  destroyed, 
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the  conditions  of  regeneration  are  complicated.  That  such  a regeneration 
does  take  place,  is  shown  by  thousands  of  observations  on  the  skin  and 
external  mucous  membranes,  as  well  as  by  many  experimental  investiga- 
tions. In  healing  wounds  of  every  kind  of  the  skin  and  mucous  membranes, 
epithelial  regeneration  usually  bikes  place  from  the  borders  of  the  wound  : 
so-called  border  or  peripheral  restoration  of  the  skin;  more  rarely  alone 
or  at  the  same  time  separated  from  the  borders  of  the  wound  in  one  or 
more  points:  so-called  insular  or  central  restoration.  The  former  takes 
place  only  in  a comparatively  limited  manner : it  appeal's  usually  on  this 
account  much  more  important,  because,  simultaneously  with  the  restoration 
of  membrane,  there  follows  the  so-called  cicatricial  contraction  of  the  whole 
surface  of  the  wound.  With  respect  to  the  latter,  insular  masses  of  epider- 
mis, especially  in  gangrenous  wounds,  are  observed  upon  the  granular 
surface : these  correspond  most  probably  to  points  where  the  papillae  with 
the  immediately  adjacent  epithelium  are  in  part  preserved. 

The  histological  conditions  of  epithelial  regeneration  have  only  recently 
reached  a certain  conclusion.  Regeneration  takes  place  most  probably  only 
from  those  epithelial  cells  which  lie  near,  i.t.  under  the  loss  of  substance. 
According  to  one  view,  the  bordering  epithelia  are  twofold  and  more  en- 
larged, divide  after  previous  increase  of  nuclei,  and  grow  into  the  space 
left  by  the  loss  of  substance.  According  to  the  other  view,  the  epithelia 
remaining  behind  push  out  nuclear  processes,  which  are  thickly  developed 
near  the  mother-cells,  or  penetrate  between  the  neighboring  epithelial  cells, 
thereby  also  pushing  forward  old  epithelial  cells,  and  finally  become  inde- 
pendent. The  remaining  theories  of  epithelial  regeneration  are  without 
well-founded  microscopical  proofs. 

Arnold  ( Yirth,  Arch .,  18(59,  XL VI.,  p.  198)  has  investigated  the  regeneration  of 
epithelium  in  the  tongue,  cornea,  and  foot  web  of  the  frog,  as  well  as  on  the  palate  and 
scalp  of  the  dog,  with  and  without  previous  injection  of  cinnabar  into  the  blood,  lie 
found  on  the  hard  palate  in  the  restoration  of  the  membrane  over  parts  where  there 
were  deep  losses  of  substance,  a formation  of  isolated  islands  of  epithelium.  Accord- 
ing to  A.,  the  epithelial  spaces  were  entirely  or  only  peripherically  filled  with  a finely 
granular  substance,  which  at  the  border  of  the  epithelium  is  metamorphosed  into  a 
glassy,  peculiarly  refractive  mass.  This  consists  for  the  most  part  of  single  or  many 
fiat,  more  rarely  of  more  globular  epithelial  cells,  which  lie  with  one  surface  on  the 
subjacent  tissue,  while  the  other  surface  is  free  or  covered  by  other  epithelial  cells. 
In  these  masses  phenomena  of  division  now  appear,  like  those  in  the  ovum  : light  lines 
pass  through  them  and  divide  them  at  first  into  larger,  very  soon  into  smaller  rounded 
or  angular  sections,  which  have  the  size  of  one  or  of  from  three  to  six  epithelial  cells. 
In  the  plates  thus  dofined  there  immediately  appear  bright  bodies  (nuclear  corpus- 
cles j ; these  are  bounded  by  ill-defined  circles,  the  first  phenomena  of  a nucleus-for- 
mation, finally  a complete  nucleus.  During  these  changes,  very  fine  granules  are 
seen  in  the  light  substance  of  the  surface.  Thus  finally  the  epithelial  cell  becomes 
complete.  The  finely  granular  substance,  out  of  which  the  protoplasm  is  formed  by 
metamorphosis,  is  either  a product  of  secretion  of  the  epithelial  forms  lying  at  the 
border ; or  it  is  a product  of  the  corneal  tissue,  skin,  and  mucous  membrane.  A. 
regards  the  latter  as  the  more  probable. 

I\  adsworth-Ebertii,  Hoppmanx,  and  others  have  opposed  this  view. 

Most  surgeons  hold  fust  to  a double  origin  of  epithelium  : partly  from  tho 
normal  epithelium  of  the  borders  of  wounds,  partly  from  the  uppermost  granulation- 
cells.  1 hey  su pport  the  latter  view,  es)»ecially  on  the  occurrence  of  epithelial  islands 
separate  from  the  borders  of  the  wound,  in  part  also  on  the  still  doubtful  microscopi- 
cal  facts.  Others,  on  the  other  hand,  especially  Tuieuscii  ( Der  Epithet  bUkrebn,  1 8<io  ; 

rtma-JiiJlioth  » lldh,  d.  Chir .,  I.,  2.  Abth. . p.  531),  according  to  him,  also  Wal- 
DKYRU  ( I arh.  ArcJt. , XLI.,  p.  470),  hold  the  source  of  new  epithelium  to  be  only 
pre-existing  epithelia : either  from  the  epithelia  still  remaining  in  or  under  the  gran- 
ulating wound -surface  (e.jr. , in  superficial  wounds  iu  the  portion  of  the  stratum  Mal- 
pighi depressed  between  the  papillae,  or  by  growth  inward  from  tho  epithelia  of  the 
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borders  of  the  wound.  Tit.  supports  his  view  on  this,  that  in  wounds  of  the  skin  the 
bordering  restoration  of  membrane  is  only  one  to  two  cent,  broad,  that  then  the  capa- 
city of  the  pre-existing  epithelium  to  further  production  is  exhausted,  which  the  view 
of  his  opponents  makes  improbable.  Til  likewise  saw  in  rare  cases  epithelial  islands 
on  well- protected  granulations,  where  every  co-operation  of  pre-existing  epithelium 
was  impossible  ; but  these  restorations  of  the  surface  again  disappeared  after  a few 
hours’  or  a single  day’s  existence. 

The  view  defended  by  many,  that  the  origin  of  EPITHELIAL  cells  is  from 
FIXED  CORPUSCLES  OF  THE  SUBJACENT  CONNECTIVE  TISSUE,  by  direct  metamorpho- 
sis, or  after  preceding  increase,  is  neither  histologically  nor  experimento-pathologi- 
cally  founded.  F.  A.  Hoffmann  ( Virck . Arch .,  LI.,  p.  373)  introduced  cinnabar 
through  the  sclera  into  the  anterior  chamber  of  the  eye  of  a frog,  and  found  after 
seven  to  fourteen  days  the  same  in  the  anterior  epithelium.  But  perhaps  the  gran- 
ules were  transported  hither  by  the  transudation  and  increased  intra-ocular  pressure. 
If  cinnabar  is  introduced  into  the  blood,  it  is  found  after  twenty-one  to  twenty-five 
days  in  the  fixed  corneal  corpuscles,  but  not  in  the  corneal  epithelium,  not  even  after 
thirty  to  fifty  days. 

The  origin  of  EPITHELIUM  from  mioratouy  cells  has  likewise  found  support- 
ers, but  is  demonstrated  neither  histologically  nor  by  injection  of  coloring  matters 
into  the  blood.  It  is  supported  by  the  regular  occurrence  of  such  colls  between  the 
normal  epithelia,  as  well  as  by  their  increased  number  in  epithelial  membranes,  in 
which  regenerative  processes  take  place  alone  or  simultaneously,  also  with  inflamma- 
tory processes  (Arnold  and  others).  They  lie  here  between  the  epithelia,  and  are 
easily  recognized  as  long  as  they  are  not  dead,  and  thereby  have  become  granular 
and  globular,  by  their  brightness,  their  irregular  form,  and  their  processes.  On  the 
significance  which  belongs  to  migratory  cells  in  regeneration,  ride  infra. 

With  respect  to  the  origin  of  epithelium  from  epithelium  remaining  intact,  many 
experimento-pathological  investigations  as  well  as  surgical  experience  support  it.  In 
both  cases  the  injury  is  followed  besides  by  the  regenerative,  almost  always  also  by 
inflammatory  processes : thereby  there  arise  two  forms  of  also  histologically  different 
products,  which  are  with  difficulty  or  not  at  all  to  be  kept  distinct. 

According  to  Cleland  (Journ.  of  Aunt,  and  Phys. , 1863,  IT.,  p.  361),  the  corneal 
epithelium  is  regenerated  from  tho  same  and  also  from  its  middle  layer. 

Heller  ( Untent.  ub.  d.  fein.  Vorg.  bei  d.  Entz .,  Erl.,  1869,  p.  28)  has  directly 
observed  the  division  of  epithelial  cells  (at  first  of  the  nucleoli,  then  of  the  nuclei) 
and  their  migratory  character  during  restoration  of  tho  epithelium  of  wounds  of  the 
tongue. 

Wadsworth  and  EBERTn  ( Virch.  Arch.,  1870,  LI.,  p.  361)  separated  tho  corneal 
epithelium  in  the  frog  by  tincture  of  cantharides,  collodion  or  ether,  also  in  rabbits 
and  guinea-pigs,  at  the  same  time  with  removal  of  the  most  external  lamella  of  the 
cornea.  A few  days  after,  regeneration  of  the  epithelium  appeared-  in  the  following 
manner.  The  epithelia  bordering  the  loss  of  substance,  probably  also  some  epithelia 
remaining  in  the  continuity,  BECAME  TWO  TO  THREE  fold  larger  and  divided, 
after  a previous  increase  of  the  nuclei  (by  division  or  free  nucleus-formation),  without 
the  assistance  of  free  protoplasm,  and  grew  into  the  space  occasioned  by  the  loss  of 
substance.  Even  small  islands  of  corneal  epithelium,  if  they  are  quite  removed  from 
the  vascular  organ,  continue  to  live,  and  produce  new  epithelium  though  more  slowly 
than  epithelium  remaining  after  central  losses. 

F.  A.  Hoffmann  (1.  c.)  experimented  likewise  on  the  cornea  of  the  frog  and  rabbit. 
According  to  him,  new  epithelium  arises  by  a proliferation  of  the  epithelia  still 
present.  These  fusii  forward  processes  and  are  closely  developed  by  side  of  the 
mother-cells,  or  penetrate  between  neighboring  epithelial  cells  on  the  side  of  the  least 
resistance.  Probably  there  exist  the  most  manifold  transitions  between  division  in 
the  common  sense  and  constriction  after  budding.  H.  never  saw  processes  connected 
with  the  cells  of  the  lowest  layer;  they  arise  perhaps  from  those  lying  above.  Ac- 
cording to  this  view,  the  space  is  not  entirely  closed  by  new  cells,  but  by  the  young 
cell-processes,  which  are  formed  to  a great  extent,  penetrate  also  old  cells,  so  that  in 
a certain  stage  there  is  found  a wonderful  mosaic  of  old  and  young  cells  extended 
over  the  whole  cornea.  Preparative  to  this  is  the  action  of  the  migratory  cells; 
they,  in  the  first  stage  of  the  reaction,  reach  into  the  epithelium,  loosen  it,  lead  to 
the  formation  of  very  small  open  spaces ; these  later  become  filled  by  epithelial  cell- 
processes,  i.e.  young  epithelia. 

Heiberg  (Ocstr.  Jb. , 1871.  1.  II.,  p.  7)  investigated  the  new-formation  of  corneal 
epithelium,  which  had  been  scraped  off,  especially  in  the  frog,  also  in  hens  and  rats 
Restoration  follows  in  frogs  before  the  end  of  the  third,  in  birds,  etc. , before  the  end 
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of  the  first  day.  Regeneration  of  the  defect  proceeds  always  from  the  borders.  The 
migratory  cells  have  no  share  in  this.  The  epithelia  immediately  adjacent  to  the 
epithelial  defect  pnsh  forward  irregular,  unequally  long,  and  short,  knobbed  processes, 
which  project  into  the  spaces.  The  knobs  change  their  form,  but  much  more  slowly 
than  in  amoeboid  movements.  In  the  processes  there  appear  small,  strongly  refrac- 
tive, round  globules,  like  nucleoli.  Many  processes  collect  into  homogeneous,  clear 
globules  or  round  plates  and  separate.  The  processes  arise  from  the  surface,  as  well 
as  from  the  deeper  lying  epithelial  layers. 

Kbau.sk  (Arch.  f.  Aunt...  Phys.  u.  mix*.  Med..  1870,  p.  202)  found  in  investigations 
of  successive  cut  surfaces  in  the  anterior  epithelium  of  the  cornea,  that  the  cell-new- 
formation  did  not  take  place  in  the  lower  cell  layers,  but  first  began  in  the  third 
layer.  In  the  epidermis  of  mammals  it  is  the  so-called  middle  layer,  i. e. , the  parts  of 
it  lying  closely  beneath  the  corneal  layer,  to  which  the  reproduction  of  the  external 
horny  layers  is  under  normal  conditions  ascribed. 

In  the  skin,  the  conditions  of  epithelial  regeneration  are.  according  to  ScilRhN 
( Contrib.  nV«  aunt. , Jixiol.  e pathol.  <i<  Ua  cute  umana,  1865),  still  more  complicated. 
Sen.  assumes,  with  Oeul,  three  layers  of  cutaneous  epithelium : the  stratum  Mal- 
pighi. the  stratum  pellucidum  (proceeding  from  the  uppermost  layers  of  the  Malpig- 
hian layer),  and  the  stratum  corueum  (epidermis  proper).  The  latter  is  regarded  by 
Soil,  as  a product  of  the  sweat-,  perhaps  also  of  the  sebaceous  glands.  According  to 
Sen.,  the  restoration  of  the  surface  of  cicatrices  always  consists  only  of  the  stratum 
Malpighi  and  stratum  lucidum,  if  no  sweat  glands  are  present  in  the  extent  of  the 
wound;  on  this  account  the  cicatrix  remains  smooth  and  shining.  And  yet  irregular 
lamellar  epidermis  like  masses  may  be  formed  thereon  (hyjiertrophic  stratum  luci- 
dum— IIi.ndkleiscii  calls  them  cicatricial  epitheliomata).  In  superficial  injuries  of 
the  skin,  the  sweat-gland  coils  remain  for  the  most  part  uninjured  ; since  these  glands 
produce  only  corneal  cells,  a complete  regeneration  of  the  epidermis  is  possible. 
Auekiiammkk  ( Verb.  d.  Wunb.  ph.-nutl.  Gee..  1809)  has  refuted  for  the  most  part 
SchuOn’s  statements. 

According  to  Lott  (Med.  CtrihL.  1871,  No.  37  , in  regeneration  of  the  oorneal 
epithelium  from  the  so  called  pedal  plates  of  the  so-called  pedal  cells  [ PtuaeUen] 
(Roi.LETT),  by  gradual  growth  of  nucleated  portions  of  protoplasm,  are  separated 
and  are  shoved  farther  upward. 

Consult  also  ScuCllkr,  Yirch.  Arch.,  1872,  LV.,  p.  159. 


In  closest  relation  with  epithelial  regeneration  from  epithelium,  stands 
the  practice  during  late  years  of  TRANSPLANTATION  (without  bridge-forming: 
see  p.  381)  of  small  portions  of  skin  and  mucous  membrane  on  granulation- 
surfaces.  This,  since  its  discovery,  has  been  many  times  performed  with 
the  best  results  in  large  cutaneous  ulcers,  which  heal  with  difficulty  or  not 
at  all,  in  large  accidental  or  intentional  losses  of  cutaneous  substance,  to 
lessen  cicatricial  contraction,  etc.  The  pieces  of  skin  transplanted  on  wounds 
consist  of  cutis  together  with  epithelium.  The  former  unites  with  the  sub- 
jacent portions  of  skin  by  first  intention,  the  homy  layer  of  the  epithelium 
is  thrown  off,  new  epithelium  is  formed  from  the  rete  Malpighi  on  the  bor- 
dering surface  of  the  wound,  for  the  most  part  in  the  form  of  needles. 
Unfortunately  the  great  expectations  connected  with  the  above  discovery 
have  not  been  fulfilled  in  practice,  since  the  epithelium  thus  formed  is  less 
durable. 


J.  L.  ReYERDIN  first  made  the  experiments  in  question  (Soc.  de  Chir.,  Dec  13th, 
18»i9;  Gat.d.  h?>p.,  1870,  No.  4,  1871;  No.  151;  Compt.-rend.,  1871,  LXXIIL,  p. 
* $ Aren,  yen, , 1872,  XIX.,  pp.  270,  5*55.  et  703).  Concerning  the  numerous 

irvfcru®  publications,  see  Weiss  (Veber  TraunplaiU.  gduzUch  abgetr.  llautetucke , 
1872).  On  the  general  pathological  conditions,  consult  Fiddks,  Lancet, 
I)cc.,  1870.— Page,  Med  Journ..  Dec.  3d,  1870.— Steei.e,  lb.,  Dec.  10th,  1870.— 
Jau.nko.  ir,c«.  mol.  Jahrb.,  1871,  p.  41(1.— Til.  Bryant.  Onyx  Hop.  Rep.,  1872, 
XVII.,  p.  237. — Tiiierpklder,  Arch.  d.  lleilk.,  1872,  XIII.,  p.  324. — Bikbiadecki, 
Unter*.,  1872,  p.  (10.  ’ 


According  to  R&VF.ROCN  ( Compt.-rend .,  1.  c. ),  transplanted  pieces  of  skin  never 
consist  of  ''pidermis  alone,  but  always  also  of  a portion  of  cutis.  In  the  white  man 
transplanted  flaps  of  skin  from  other  white  men,  from  negroes,  rabbits,  in  the  rabbit 

30 


4GG 


REGENERATION  OF  EPITHELIUM, 


those  from  rabbits,  man  and  cats  succeed.  If  a transplantation  is  successful,  the 
piece  of  skin  (la  r/reff’e  epidermiqus)  after  twenty-four  hours  has  adhered,  is  swollen 
and  wrinkled.  On  the  third  day  there  is  formed  about  it  a smooth  red  ring,  and  the 
piece  now  lies  buried  beneath  the  summit  of  the  granulations.  On  the  following 
day  the  red  ring  becomes  gray,  and  by  degrees  whitish  ; cicatrization  proceeds  in  the 
same  manner.  If  the  pieces  have  been  taken  from  a pigmented  skin  (negro,  black 
cats),  they  gradually  become  discolored  and  finally  become  white.  The  microscope 
shows  the  cells  of  the  epidermis  of  the  piece,  at  the  end  of  twenty-four  hours,  in  a 
state  of  desquamation : the  nuclei  show  Ranvier’s  vesicular  change.  On  the  limits 
of  the  flap  the  epidermis  is  extended  only  a little  over  the  granulations ; but,  besides, 
it  penetrates  between  the  derma  and  the  granulations,  and  at  this  points  always 
sends  off  a more  or  less  deeply  penetrating  process.  The  processes  going  out  from 
the  epidermis  are  always  in  intimate  connection  with  the  embryonic  tissue  of  the 
wound.  In  a piece  six  days  old,  the  surrounding  epidermoidal  process,  found  in  the 
depth  of  the  wound,  is  strongly  developed.  From  the  upper  border  of  the  piece 
there  extends  a layer  of  epidermis  of  varying  thickness.  New  and  often  very  volu- 
minous and  irregular  buds  grow  out  from  their  deep  surface,  which  penetrate  into 
the  embryonic  tissue.  Globules  of  epidermis  like  those  in  cancroids  are  often  found 
at  its  base.  On  the  border  the  epidermoidal  layer  extends  and  divides,  becoming,  as 
it  were,  fan-shaped.  This  consists  of  new- formed  epidermoidal  cells.  The  connec- 
tive tissue  base  of  the  piece  is,  after  six  days,  pierced  by  embryonic  vessels,  which 
communicate  with  those  of  the  granulations,  and  the  connective  tissue  now  shows 
especially  the  embryonic  character  of  granulation  tissue.  Hence  R.  concludes : 1, 
the  attachment  of  the  transplanted  piece  occurs  in  the  first  place  through  the  epider- 
mis, and  only  secondarily  through  the  connective-tissue  base  ; 2,  the  epidermis  exer- 
cises a kind  of  action  by  contact,  by  which  it  induces  a metamorphosis  of  the  border- 
ing embryonic  surface  into  epidermis. 

After  the  now  common  transplantations  of  pieces  of  skin,  the  skin  retains  its  vital- 
ity for  eight  hours,  and  even  longer. 

JACENKO  showed  that  in  transplantations  of  separated  pieces  of  skin,  the  cells  of 
the  rete  Malpighi  continue  to  live  on  the  new  base,  and  may  serve  as  the  point  of 
departure  of  a new-formation  : they  show  increase  of  nuclei,  etc.  The  connective 
tissue  of  a transplanted  piece  of  skin  was,  on  the  fifth  day,  very  abundantly  occupied 
at  points  by  young  cells ; the  spindle-shaped  cells  sometimes  showed  constrictions, 
and  some  of  them  were  multi -nuclear. 

That  the  formation  of  islands  about  small  particles  of  skin  depends  upon  a proli- 
feration of  the  cells  of  those  particles,  is  seen  macroscopically  in  transplanted  black 
particles  of  skin  : such  a particle,  in  ten  weeks,  is  twenty-fold  enlarged,  and  has  sent 
out  its  black  processes. 

Heiberg  (Med.  Ctrlbl.,  1872,  No.  12)  successfully  inoculated  pieces  from  the  wall 
of  an  atheromatous  cyst  upon  an  ulcer  of  the  leg.  Czerny  (Med.  Ctrlbl.,  1871,  No. 
17)  inoculated  epithelium  of  mucous  membrane  (uvula)  and  ciliated  epithelium  (from 
nasal  polypi)  on  granulating  surfaces  of  wounds  with  favorable  results.  But  in  both 
cases  the  descendants  of  those  cells  were  later  separated  from  the  borders  of  the 
cicatrix. 

According  to  some  observations,  diseases  also  are  conveyed  by  transplantation 
(small-pox — pyaemia,  syphilis). 

That  cicatrices,  after  transplantation  of  skin  on  ulcers,  offer  a greater  resistance, 
is  by  experience  thus  far  made  very  doubtful : STUDENSKY,  Med.  Ctrlbl. , 1870,  No. 
13;  oral  communications  by  Thiersch. 


Regeneration  of  laminated  epithelium  of  mucous  membranes  occurs 
in  the  same  manner  as  that  of  epithelium  of  the  skin  ; that  ot  uni-laminar 
epithelium  of  mucous  membranes  is  in  its  histological  processes  still  imper- 
fectly known. 


Physiologically,  a throwing  off  of  the  greatest  part  of  the  epithelium  of  the 
body  of  the  uterus,  and  a quick  regeneration  of  it,  occurs  at  each  menstruation.  On 
the  conditions  in  pregnancy,  vide  infra.  . 

In  epithelial  regeneration  with  uni-laminar  epithelium,  either  new  epithelia  arise 
from  the  old,  on  the  border;  or  they  proceed  from  cells  similar  to  lymph-corpuscles, 
which  cells  lie  under  and  between  the  lower  and  smaller  extremities  of  the  cylindrical 
epithelia  (repair-cells  (JSrsatzzeUen)  of  Ebstein). 
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The  dermoid  metamorphosis  of  portions  of  mucous  membrane,  which 
are  exposed  to  the  air,  continued  irritation,  etc.,  belong  in  part  here  : the 
pavement  epithelium  on  the  surface  becomes  like  epidermis,  but,  according 
to  numv,  represents  only  the  stratum  lucid  tun  ; the  cylindrical  epithelium 
is  metamorphosed  into  pavement  epithelium  ( e.g in  the  nose,  on  the  eye- 
lids, in  the  vagina  and  rectum,  on  many  polypi  of  mucous  membranes),  after 
grafting  of  cylindrical  epithelium  on  wounds  of  the  skin.  The  same  meta- 
morphosis of  many  mucous  membranes  after  long-continued  chronic  catarrhs, 
sometimes  with  thickening  of  the  epithelium  and  new-formation  of  papillae, 
may  in  part  also  be  included  here. 

The  same  is  true  of  the  TRANSPLANTATIONS,  which  consist  in  separating 
a portion  of  the  body  (in  praetical  surgery  a piece  of  skin)  from  the  body 
and  transporting  it  to  another  wounded  part.  The  part  to  be  transplanted 
remains  partly  attached  to  its  original  site  by  a vascular  bridge,  or  it  is 
wholly  separated  from  it.  The  former  is  the  case  in  plastic  surgery. 

Regeneration  oe  the  nails 

takes  place,  if  the  nails  have  been  destroyed  by  mechanical  injury,  burning, 
freezing,  inflammation,  or  haemorrhage,  of  the  bed  of  the  nail. 

Rarely  this  regeneration  is  regularly  repeated  : according  to  PKCHLIX,  a boy  every 
autumn  lost  his  nails,  which  hail  become  bluish  black,  together  with  the  epidermis, 
and  again  they  were  renewed.  In  such  cases,  according  to  Lautii  and  Hykti,.  the 
whole  bed  of  the  nail  is  covered  with  soft  corneal  scales,  which  by  degrees  harden, 
are  formed  into  a true  nail  and  appear  with  the  free  border  above  the  points  of  the 
fingers  (Koi.i.ikkk.  Hdb.  d.  Gcw.).  New-formation  of  nails  on  the  second  phalanx 
after  loss  of  the  third,  was  seen  by  myself  in  a boy,  whose  last  phalanges  of  the  three 
middle  fingers  of  the  right  hand  had  been  cut  off : on  each  of  the  anterior  ends  of  the 
three  stumps  there  was  formed  a small,  thick,  irregular  four-cornered  nail. 

Regeneration  of  hair 
takes  place,  if  their  bulb  is  preserved. 


According  to  Pixcrs  {Arch.  f.  Anat.  u.  Phy*. , 1871,  p.  55),  the  daily  fall  of  hair  in 
middle  age  averages  55-GO  hairs,  in  children  !H>.  in  old  age  120. 

The  hairs,  which  fall  out  after  severe  diseases  are,  as  is  well  known,  regenerated  : 
probably  they  are  formed  in  the  old  hair-follicles,  since  according  to  E.  II.  WEBER, 
the  follicles  of  lost  hairs  are  preserved  for  a long  time.  A new-formation  of  hair  in 
the  deeper  cicatrices  of  the  skin  has  not  yet  been  observed. 

Regeneration  of  the  tissue  of  the  crystalline  lens 

lias  in  some  cases  from  the  epithelium  of  the  capsule  been  with  certainty 
demonstrated. 


Regeneration  of  gland-cells 

in  particular  has  not  yet  been  certainly  demonstrated,  but  with  respect  to 
some  glands  (mucous  glamls,  kidneys)  is  very  probable. 


The  question,  whether  in  deep  losses  of  substance  of  the  skin  the  sebaceous  and 
sweat-glands  are  regenerated,  bus  as  yet  not  been  definitely  answered.  The  same  is 
true  of  the  glands  of  mucous  membranes  in  ulcers,  etc.  A regeneration  of  gland-cells 
in  the  epithelia  of  the  urinary  tubules,  e.g. , in  so-called  acute  Bright’s  disease  after 
scarlet  fever  is  most  probable.  Here  for  days  and  weeks  large  quantities  of  the  epi- 
thelia  of  the  urinary  tubules  and  easts  may  be  evacuated  with  the  urine,  without  a 
subsequent  visible  effect  on  the  health.  According  to  A Key  ( llygcia , 18011,  XXX., 
p.  MO),  epithelial  regeneration  here  takes  place  from  the  migrated  white  blood-cor- 
puscles. According  to  Waldeyer,  Klehs  and  Zenker  {D.  Arch.  f.  klin.  Med., 
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1873,  X.,  p.  166),  similar  conditions  sometimes  occur  in  acute  yellow  atrophy  of  the 

B.  Nf,W-FOBMATION  OF  EPITHELIUM  ALONE  AS  HYPERTROPHY  AND  AS 

TUMOR  : SO-CALLED  EPITHELIOMA. 

Common  and  tumorous  hypertrophies,  or  hyperplasia)  of  epithelium  alone 
occur  not  infrequently,  and  with  manifold  transitions  into  one  another. 
The  longest  known  are  those  in  the  skin,  where  they  are  also  purest,  i.e., 
without  combination  with  other  tissues,  and  where  a number  of  them  are 
consequent  upon  oft-repeated  irritations  of  the  portion  of  skin  alfected. 

The  mode  of  origin  of  epithelia  in  cases  belonging  here  is  not  yet  known.  And  yet 
there  occur  in  the  middle,  more  rarely  in  the  deeper  layers  of  the  epithelium,  some- 
times remarkably  large  cells,  those  with  two  nuclei,  and  with  even  still  further  pro- 
cesses of  division.  (Observations  by  Eberth,  Ranvier,  Groue,  Waldeyeb,  and 
the  author.) 

Hypertrophy  of  the  epidermis 

is  met  with  as  indurations  or  callus,  as  corns  or  clavus,  as  ichthyosis 
and  hystricismus,  and  as  many  forms  of  cutaneous  horn,  cornu  cutane- 
Um  ; in  part  also  as  warts  (epithelioma  papillare).  (On  the  latter  see  p. 
393.) 

The  so-called  verruca  nkoroc.enica,  which  occurs  on  the  hands  of  anatomists 
and  their  assistants,  and  is  distinguished  by  its  wart-like  appearance,  its  chronieity 
and  resistance  to  means  of  cure,  is,  according  to  Wilks,  purely  epidermoidal  in 
nature.  (See  p.  309.) 

Lebert  ( Ueher  Keratoae,  1864)  distinguishes  : 

I.  Keratosis  circumscripta.  1.  k.  c.  epidermica : the  homy  formation  is  situated 
on  the  free  surface  of  the  epidermis.  2.  K.  c.  follicularis : the  horny  formation  pro- 
ceeds from  the  cutaneous  glands.  Varieties  of  both  are  furnished  by  thecornuta  (true 
epidermoidal  horny  fonnatiou)  and  the  multiple  non-cornuta  (wherein  one  or  many 
parts  of  the  body  are  covered  with  irregular  growths  of  horny  substance).  II. 
Keratosis  diffusa.  1.  K.  d.  follicularis:  larger  regions  of  the  body,  even  the  whole 
body,  are  covered  by  horny  forms,  which  in  adults  commonly  proceed  from  the  sebace- 
ous glands,  but  in  the  foetus  also  flora  the  sweat-glands  and  hair-follicles,  2.  K.  l>. 
epidermica  (ichthyosis,  hystricismus  of  the  authors) : the  horny  growth  proceeds 
especially  from  the  epidermis  proper  and  the  stratum  Malpighi,  but  the  sebaceous 
glands,  sweat  glands  and  hair-follicles  also  share  in  it.  Varieties  of  both  diffuse 
keratoses  are : K.  lands  (a  smoother,  uniform  thickening),  k.  rugosa  (a  more  irregular, 
constantly  separating,  with  rough,  fissured  surface),  and  the  K.  luxurians  (of  luxuri- 
ous growth  with  very  large,  very  differently  shaped  horny  scales).  The  diffuse  kera- 
toses are  either  intra-nterine,  congenital  or  extra-uterine,  acquired. 

HABPECK  {Reich.' s unil  Dubois'  Arch.,  1803,  p.  393)  describes  the  skin  of  a calf 
born  with  ICHTHYOSIS  cornea. 

A considerable  thickening  of  the  stratum  lucidum  is  met  with  in  the  first  stage  of 
epithelial  cancer,  in  papillomata,  and  condylomata  ; on  mucous  membranes,  which 
are  dried  by  the  atmospheric  air  (ScilRi')N,  ll.  Mori, i,  VII.,  1865).  I find  them 
under  many  other  conditions,  where  a stronger  pressure  is  exerted  on  the  neighbor- 
ing structures  (epithelial  hannorrhages,  healing  variola,  etc.).  Clavus,  according  to 
Soiiron  is  an  excessive  development  of  the  stratum  lucidum  with  consecutive 
atrophy  of  the  sweat-glands  and  epidermis;  in  its  vicin’’ ty  is  found  hypertrophy  of 
the  papilla),  enlargement  of  the  sweat-glands  and  thickening  of  the  epidermis.  By 
the  covering  of  this  epidermis  over  the  callus,  the  latter  may  be  buried  into  the 
cutis. 

According  to  Beigel  (Virch.  Arch.,  1868,  XLIV.,  p.  418)  abnormal  develop- 
ment OF  hair  is  found  in  man,  under  three  forms  : 1.  the  hairs  already  long  in  the 
normal  state  become  extraordinarily  long;  3.  hairs  more  or  less  long  are  developed 
in  certain  parts  of  the  body  of  persons,  on  whom  in  these  parts  there  grows  normally 
only  down  (beard  in  children  and  women,  etc.)  ; 3.  the  down  scarcely  visible  in  the 
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normal  state  is  developed  into  more  or  less  long  hairs  : so-called  hypertrichosis  uni- 
versalis. A true  hyperplasia  of  hairs  is  found  in  hairy  mother’s  marks  (ItlND- 
FLKI8CH). 

Hypertrophy  of  the  epithelium  of  mucous  membranes 
occurs  as  thickening  of  the  epithelial  layer  of  some  mucous  membranes 
with  multilaminar  pavement  epithelium  (filiform  papill®  of  the  tongue, 
other  parts  of  the  mucous  membrane  of  the  mouth,  vocal  cords,  urinary 
bladder),  sometimes  simultaneously  with  the  same  thickening  of  the  epithe- 
lium of  the  skin. 

Hypertrophy  of  gland-cells 

occurs  partly  as  common  increase  of  size  (hypertrophy  proper),  partly  as 
increase  of  number  (so-called  hyperplasia).  Both  conditions  occur  some- 
times singly,  sometimes  by  side  of  one  another  in  the  same  gland.  Accurate 
histological  investigations  are  wanting. 

In  the  GLANDS  OF  the  skin,  it  is  found  in  so-called  milium  and  in  ath- 
eroma, also  in  form  of  so-called  epidermis-pearls,  accumulations  of 
concentrically  arranged  epithelia  in  dilated  glands  or  hair-follicles. 

An  hypertrophy  of  mucous  glands,  which  consists  in  enlargement  of 
the  old  acini  and  the  formation  of  new  ones,  occurs  sometimes  with  chronic 
catarrh  of  the  mucous  membranes,  so  that  the  excretory  gland-ducts  and 
the  glands  themselves  become  larger.  Sometimes  it  is  found  with  simul- 
taneous colloid  metamorphosis  of  the  gland-cells,  as  in  the  upper  and  under 
lips  ; it  forms  simple  or  compound  tumors,  of  the  size  of  a pea  to  that  of  a 
walnut  The  so-called  hypertrophy  of  the  mucous  glands  of  the  soft  palate 
probably  also  belong  here : the  tumors  reach  the  size  of  a walnut  to  that 
of  a hen’s  egg. 

An  hypertrophy  of  the  saccular  glands  of  the  stomach  and  intestinal 
canal  occurs  in  many  cases  of  chronic  catarrh,  especially  with  simultane- 
ous dilatation  and  elongation  of  the  stomach  and  intestine. 

See  the  exquisite  case  by  Barth  (Arch.  d.  Jleiik. , XI.,  p.  119). 

In  the  liver,  hypertrophy  of  the  cells  of  some  lobules  is  found  some- 
times in  the  vicinity  of  cicatrices,  etc.,  thus  as  it  were  compensatory  ; gen- 
eral after  mechanical  hypenemia,  in  leucocytlueniia,  diabetes,  without  known 
cause. 

In  the  kidneys,  it  occurs  on  both  sides  in  habitual  drunkards,  diabetics, 
on  one  side  from  arrested  function,  in  or  loss  of  the  other  kidney. 

According  to  Perl  ( Virch.  Arch.,  1872.  LVI.,  p.  305),  in  the  physiological 
growth  of  the  kidneys  most  of  the  formed  elements  important  with  respect  to  func- 
tion do  not  increase,  the  physiological  growth  is  essentially  after  the  type  of  the 
hyperplasia*.  In  compensatory  hypertrophy  of  the  kidneys,  however,  there  is  found 
a true  hs  pertrophy  and  a more  or  less  considerable  dilatation  of  the  spiral  urinary 
tubuli  with  increase  in  size  of  their  epithelium  ; the  straight  tubes  and  their  epithe- 
lium do  not  increase  in  size,  the  Malpighian  bodies  not  demonstrably  so.  Probably 
connected  with  this  true  hypertrophy  is  also  a new-formation  of  glandular  tissue 
and  bloodvessels. 

2.  new-formation  of  epithelium  and  of  vascular  connective  tissue 

AT  THE  SAME  TIME. 

Ihe  new-formation  of  epithelium  and  (for  the  most  part)  of  vascular 
connective  tissue  at  the  same  time,  occurs  under  very  different  forms : 
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NEW-FORMXTION  OF  SKIN,  ETC. 

sometimes  as  regeneration  of  wounded  skin  and  mucous  membranes,  some* 
times  as  hypertrophy,  sometimes  in  form  of  circumscribed  or  diffuse  tumors, 
which  either  remain  local  or  become  metastatic.  The  epithelium  and  con* 
nective  tissue  show  in  the  various  new-formations  the  most  manifold  pro- 
portions: for  the  most  part  the  former  preponderates  over  the  latter  in 
high  degree.  The  epithelium  is  therein  probably  always  first  present,  the 
connective  tissue  new  formation  and  the  for  the  most  part  simultaneously 
present  new-formatiou  of  vessels  are  secondary. 

New-formation  of  skin 

occurs  : as  regeneration  of  it  after  wounds  and  losses  of  substance  chiefly 
(see  healing  of  wounds  : p.  377);  in  various  diseases  of  the  skin  as  so-called 
hypertrophy  (elephantiasis,  soft  warts  or  neevus,  tumor  of  the  folds  of  the 
skin) ; very  rarely  on  mucous  membranes  (so-called  dermoid  metamorpho- 
sis— see  j>.  407) ; in  dermoid  cysts  [vide  infra). 

New-formed  skin  sometimes  shows  the  same  layers  as  normal  skin  : epidermis, 
rete  Malpighi,  corium  (with  the  so-called  pars  papillaris  and  the  pare  reticularis)  and 
subcutaneous  cellular  tissue,  usually  with  the  panniculus  adiposus.  But  at  other 
times,  a so  strict  separation  at  least  of  the  deeper  layers  does  not  occur.  The  vas- 
cular papillae  are  regenerated  from  the  papillae  of  the  skin.  After  deep  injuries  of 
the  skin  the  cicatrix  remains  without  pigment  and  papillai  (without  glands  and 
hairs). 

Thiersch  found  the  upper  limiting  surface  of  the  granulations  in  chronic  ulcers  of 
the  leg,  translucent,  poor  in  cells,  non -vascular,  the  cell-nuclei  elongated,  the  inter- 
cellular substance  fibrous.  From  that  transparent  layer  proceeds  the  hyaline  limit- 
ing membrane,  which  separates  the  young  epithelium  of  the  vascular  stroma.  The 
re-formation  of  cutaneous  papillae  Tit.  derives  from  the  mode  of  origin  and  history 
of  the  vessels  of  the  granulations : in  the  granulation-tissue  some  perpendicular 
vessels  are  more  strongly  developed  and  these  persist,  while  those  of  weaker  devel- 
opment, lying  obliquely  or  horizontally,  likewise  undergo  atrophy  with  the  disappear- 
ance of  the  rest  of  the  granulation-tissue. 


New-formation  of  mucous  membrane 
occurs  under  similar  conditions  as  that  of  the  skin.  A complete  regenera- 
tion of  destroyed  portions  of  mucous  membrane  (by  injury,  ulceration,  etc.) 
probably  does  not  take  place. 


Physiologically,  the  changes  of  the  uterine  mucous  membrane  during  menstru- 
ation and  pregnancy  are  worthy  of  note.  During  menstruation  the  mucous  mem- 
brane really  increases,  thickens  to  the  extent  of  from  2 to  4,  even  (i  mm.,  in  its 
prominent  folds  from  10  to  12  mm.,  becomes  softer  and  shows,  besides  the  strongly- 
developed  glands,  many  young,  round,  and  spindle-shaped  cells  in  its  tissue  (Kolli- 
ker). 

On  the  question,  whether  after  birth  the  remains  of  the  decidua  remain  or  not  on 
the  inner  surface  of  the  body  of  the  uterus,  there  have  been  for  a long  time  two  oppo- 
site views  : the  one  is  represented  by  W.  Hunter  (Anat.  Deter,  of  the  Hum.  Grav. 
Uterus , 1 709),  Virchow  ( Verb . d.  Geburtsh.  Ges.  zu  Berlin , 1847,  III.,  p.  XVII.), 
Colin  (Et.  sur  lu surf.  int.  de  V uterus  aprfe  V accouchement,  1847),  Coste,  Robin  and 
others;  the  other  by  Cruvkilhier  (Anat.  pathol.,  Livr.  XIII.),  Arnold,  Heschl, 
Kolliker  and  others.  According  to  Friedi.ander  ( Fhysiol.-nnat . Unters.  iib. 
d.  Uterus , 1870),  the  decidua  at  the  end  of  pregnancy  consists  of  two  layers,  an  in- 
ternal cellular  layer,  the  essential  nature  of  which  is  that  of  connective  tissue, 
aud  an  external  glandular  layer.  By  the  separation  of  the  decidua  during  birth  only 
the  internal  portion  of  the  cellular  layer  is  removed,  its  external  layer,  besides  the 
whole  glandular  layer,  remains  after  birth  in  the  uterus.  Very  soon  after  birth  the 
portions  of  the  cellular  layer  remaining  behind  are  destroyed  by  fatty  degeneration, 
the  glands  thereby  become  free,  open,  and  sometimes  unite,  especially  through 
fatty  destruction  of  the  intermediate  connective  tissue,  thereby  forming  a continuous 
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epithelial  covering  over  the  whole  inner  surface  of  the  uterus.  In  place  of  the  de- 
stroyed connective  tissue  elements,  young  forms  arise  through  active  growth. 

The  so-called  DYSMKNorrikea  mbmbkanaCEA  consists  in  this,  that  in  menstrua- 
tion the  mucous  membrane  is  thrown  off,  comes  with  the  menstrual  blood  to  the 
exterior,  and  is  completely  regenerated  by  the  time  of  the  next  menstruation.  Ac- 
cording to  Hausmann  (Mtchr.  f.  Utburtuk.,  1808,  XXXI  , p.  1),  this  process, 
until  now  regarded  as  disturbance  of  menstruation,  is  always  the  result  of  sexual 
intercourse  and  never  occurs  in  maidens.  It  is  on  abortion  of  the  first  days  aud 
weeks,  in  which  after  the  destruction  or  passing  away  of  the  foetus,  the  uterino 
mucous  membrane  metamorphosed  into  decidua,  is  thrown  off  with  pains.  The 
abortion  appears  preferably  at  time  of  menstruation.  Hkgau  and  Maier  ( Virch. 
Arch .,  1871,  LIL,  p.  1 <J  1 ; dispute  this  view. 

New-formation  of  dentine 

occurs  in  various  forms  in  normal  teeth,  also  as  supernumerary  teeth  of  the 
alveoli  and  in  many  dermoid  cysts. 

According  to  Wedl  ( Wbl  d.  Zttchr.  d.  Wien.  Aerzte . 1808,  No.  52).  new  layers  of 
dentine  are  formed  on  the  internal  surface  of  the  dentine  until  late  in  life. 

Very  rarely  broken  teeth  heal  by  formation  of  callus.  In  the  callus,  dentine  is 
found  near  the  surface  of  fracture,  dentine  as  a central  layer  and  globular  masses  of 
varying  size  here  and  there  distributed  in  it  (Wedl). 

MrrecHERLlCH  {Arch.  f.  tain.  Chir..  1 868 , IV.,  p.  875)  has  practised  re  plantation, 
as  well  as  transplantation  of  teeth  of  the  living  and  of  dead  teeth.  In  some  cases 
there  probably  occurs  a true  healing  of  a re-  or  transplanted  tooth,  so  that  new 
vessels  and  nerves  really  penetrate  into  the  tooth.  Healing  for  the  most  part  suc- 
ceeds only  when  the  periosteum  of  the  alveolus  is  wholly  or  nearly  entirely  preserved. 
The  periosteum  by  constant  pressure  seems  to  effect  a partial  resorption  of  the  tooth, 
and,  by  the  deposit  of  bony  masses  from  the  swollen  soft  substance,  the  tooth  is 
. made  fast 

From  tumors  proper  of  the  teeth,  dental  osteomata,  are  to  be  sharply  defined 
retained  teeth  and  tumors,  which  are  developed  from  the  surrounding  bones,  either 
from  the  alveolus  (alveolar  exostoses),  or  from  the  interior  of  the  bone  as  well 
as  especially  in  teeth  retained  deeply  in  the  alveolus.  Dental  osteoma  proceeds, 
either  from  a formation  of  new  cementuin  from  the  membrane  of  the  root,  and  then 
covers  the  roots  to  a large  extent,  or  forma  small  exostoses  (dental  exostosis  in  the 
narrower  sense) ; or  it  is  represented  for  the  most  part  by  small,  globular  or  hemi- 
spherical. enamel-covered  hyperplasias  of  the  crown,  neck  or  root  [dmtt*  proliferi) ; or 
there  is  blending  of  the  teeth  with  each  other,  sometimes  throughout,  sometimes 
only  at  points ; or  it  exists  as  odontoma,  i.e.,  formed  from  dentine  proper.  (Vir- 
cuow,  hie  krkh.  Geachw.,  II.,  p.  58.)  Consult  also  ALBRECHT,  Klin,  dc  Mund- 
krank/i.  2.  II.  1872,  p.  1. 

New-formation  of  skin  with  sebaceous  and  sweat-glands. 

A complete  regeneration  has  not  yet  been  certainly  observed,  but 
seems  to  be  possible  if  only  the  uppermost  portions  of  these  glands  lying  in 
the  epithelium  has  been  destroyed. 

Hyi’KRTROI'HIES  of  the  skin  and  of  the  sebaceous  and  sweat-glands 
occur  in  some  cutaneous  diseases. 

An  enlargement  of  sweat-glands,  especially  a dilatation  of  their  lumen,  has  not 
infrequently  been  observed,  #.</.,  in  elephantiasis  Gnecorum.  in  many  soft  warts. 
rIhe  same  enlargement  of  the  glandular  pouch  with  fatty  degeneration  of  the  glandu- 
lar epithelium  (as  well  as  the  latter  without  enlargement),  has  its  origin,  according 
to  \ IRCHOW,  in  the  copious  sweating  of  those  affected  with,  e.y. , phthisis. 

New-formation  of  skin  with  sebaceous  aud  sweat-glands,  rarely  only  with 
the  latter,  occurs  in  the  wall  of  many  cysts  (see  Dermoid  cysts). 

New-formation  of  mucous  membrane  and  of  its  glands. 

Regeneration  is  not  certainly  known. 
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NEW-FORMATION  OF  GLANDULAR  TISSUE. 


Tumokous  hypertrophy  forms  the  so-called  mucous  polypi  of  most  mu- 
cous membranes. 

New-formation  of  glandular  tissue. 

Heschl,  Ztachr.  d.  Gcs.  d.  Wien.  Aerzte,  1852. — Rokitansky,  Sitzungsber.  d. 
Wien.  Avid,,  1853 ; Ztachr.  d.  Gen.  d.  Wien.  Aerzte,  1800. — Birkktt,  Guy's  JIosp. 
Hep.,  1855.— Robin,  Gaz.  mid.  de  Paris,  1855.— E.  Wagner,  Schmidt's  Jahrb. , 1850, 
CIII.,  p.  92  ; Arch.  d.  Jleilk.,  II.,  p.  473;  XI.,  p.  44. 

Regeneration  of  glandular  tissue  (cells  and  stroma)  is  not  yet  known. 

Hypertrophy,  or  hyperplasia  of  glandular  tissue,  or  of  whole 
glands,  consists  either  only  in  an  enlargement,  or  also  in  an  increase  of  the 
gland-cells  (see  p.  409)  ; or,  at  the  same  time,  also  in  a proportional  increase 
of  the  vascular  stroma  of  the  glands,  in  such  manner  that  the  new-formed 
glandular  tissue  agrees  essentially  with  the  normal,  and  has  the  same 
function.  Physiologically  this  process  is  met  with  in  the  development, 
and  especially  in  the  so-called  hypertrophy  from  lactation  of  the  lacteal 
glands  during  pregnancy.  In  the  ovaries  there  occurs,  in  the  physiological 
state,  a continuous  now-formation  of  the  so-called  Graafian  follicles  until 
the  climacteric  period.  Pathologically,  a similar  hypertrophy  takes  place 
in  the  mamma,  sometimes  during  uterine  disease,  and  under  unknown  con- 
ditions. Also  here  belong  the  not  yet  accurately  histologically  investigated 
cases  of  so-called  hypertrophy  of  one  organ  in  atrophy  or  consumption  of 
the  other,  hypertrophy  of  the  left  lobe  of  the  liver  in  atrophy  of  the  right, 
hypertrophy  of  single  acini,  perhaps  even  new-formation  of  these  in  the 
vicinity  of  cicatrices.  (See  also  p.  4G9.) 

In  the  absence,  congenital  or  acquired,  of  one  kidney,  the  other  is  found  almost 
always  more  or  less  enlarged.  The  investigations  relative  to  this,  of  Valentin, 
Rokitansky,  Beckmann,  and  others,  recently  of  Rosenstein  ( Virch.  Arch.,  1871, 
LIII.,  p.  141),  have  afforded  no  determined  results  on  the  histological  character  of 
such  kidneys.  The  increase  of  function  of  enlarged  kidneys  acts  in  a wholly  com- 
pensatory manner,  as  well  with  respect  to  the  excretion  of  urine  as  to  that  of 
urea.— See  also  Rayer,  Tr.  d.  mat.  d.  reins.,  III.,  p.  7G2.  Simon,  Chirurgie  der 
Nieren,  1872. 

Tumorous  new-formation  of  glandular  tissue,  adenoma. 

Adenoma  forms  sharply,  and  usually,  as  it  were,  encapsuled,  defined  knots 
of  varying  size,  rarely  partially  connected  with  the  original  organ,  and, 
according  to  the  kind  of  gland,  of  varying  color,  consistence,  etc.,  and 
which  for  the  most  part  penetrate  the  surrounding  textures,  and  more 
rarely  partly  supplant  them.  The  glandular  tissue  rarely  forms  a subordi- 
nate, usually  the  chief  element. 

The  genesis  of  new-formed  glandular  tissue  is  in  most  cases  the  same  as 
that  of  the  normal.  Sometimes  there  takes  place  only  an  enlargement  of 
the  gland-cells  and  the  smallest  divisions  (follicles,  acini,  etc.).  At  other 
times,  the  gland-cells  increase  by  repeated  division  : thereby  either  the 
smallest  division  of  the  gland  becomes  uniformly  larger ; or  there  arise 
bud-like,  at  first  solid  out-growths  or  processes,  which  grow  into  the  sur- 
rounding connective  tissue,  again  to  form  new  growths,  and  often  at  the 
same  time  to  ramify.  These  processes  sometimes  later  become  hollow,  and 
thus  receive  a gland-like  lumen,  but  more  often  they  continue  solid.  In 
their  periphery  they  are  sometimes  covered  with  a tunica  propria.  (Like 
the  glandular  epithelium,  so  also  probably  may  the  epithelium  of  the  af- 
fected skin  or  mucous  membrane  project  adenomata  into  the  corium  by 
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growth  of  its  lowest  epithelia.)  Connective  tissue  and  vessels  are  developed 
in  a corresponding  proportion  to  the  normal  organ.  Later,  these  tumors 
remain  in  connection  with  the  old  gland ; or  they  are  completely  isolated 
from  it.  The  latter  takes  place,  sometimes  through  independent  atrophy  of 
some  parts,  sometimes  through  the  simultaneous  growth  in  the  usual  way  of 
the  surrounding  connective  tissue. 

Many  assume  also  a new-formation  of  glandular  tissue  from  connective  tissue. 
The  connective-tissue  corpuscles  in  the  vicinity  of  the  glands  divide,  and  the  indif- 
ferent round  cells  thus  arising  are  metamorphosed  partly  into  epithelial,  or  glandular 
cells,  with  their  characteristic  arrangement,  partly  into  connective  tissue. 

The  FUNCTION  of  new-formed  glandular  tissue  rarely  agrees  perfectly  with 
that  of  the  normal  glands : it  for  the  most  part  has  no  function.  This  is 
especially  true  of  probably  all  tumorous  adenomata,  which,  with  the  mother- 
tissue  and  bordering  tissues,  behave  like  other  tumors.  They  are  of  them- 
selves benign  new-formations,  which  after  complete  extirpation,  for  the 
most  part  do  not  return.  But  many  have  a tendency  to  pass  into  cancerous 
forms. 

The  cases  of  glandular  new-formation,  which  depend  on  the  foital  period,  as  the 
thymus  gland,  lienea  aece*M>rii,  supra- renal  capsules,  the  occurrence  of  hepatic  sub- 
stance within  the  liver  (Rokitansky.  Wien.  allg.  mcd.  Zt*chr.,  18o9,  p.  98),  as  well 
as  in  the  Uyamentum  iuaperuorium  ithe  author,  Arch.  d.  Heilk .,  II.,  p.  471).  etc.,  do 
not  belong  here.  With  respect  to  most  adenomata,  it  is  undetermined  whether  they 
originate  during  the  foetal  period  and  are  further  developed  only  at  a later  age. 

a 

The  group  of  the  adenomata  is  less  sharply  defined  than  that  of  most 
other  new-formations.  There  exist  not  only  manifold  transitions  between 
glandular  hypertrophies  and  glandular  tumors,  but  the  former  are  often 
with  difficulty  distinguished  from  many  inflammatory  swellings,  and  the 
latter  not  infrequently  show  transition-forms  to  epithelial  cancer. 

The  anatomical  and  histological  structure  of  adenomata  is  often  deter- 
mined with  difficulty,  not  only  on  account  of  the  above-mentioned  transition- 
forms,  but  also  on  account  of  the  changes  not  infrequently  occurring  in 
them,  or  in  the  neighboring  structures.  These  consist  in  disturbances  of 
the  circulation,  especially  luemorrhages  and  oedema,  in  metamorphoses, 
like  the  fatty,  mucous,  and  especially  the  colloid,  as  well  as  in  new-forma- 
tions ot  papillary  connective  tissue,  which  grow  from  the  neighboring  struc- 
tures into  the  new-formed  glandular  tissue,  and  thereby  may  produce  the 
most  confused  macroscopical  and  microscopical  forms,  which  hardly  permit 
the  forming  of  a conclusion.  Finally,  new-formed  glandular  tissue  shows 
an  especial  tendency  to  cyst-formation. 

General,  as  well  as  partial  tumorous  glandular  new  formations,  have  been 
observed  especially  in  the  compound  racemose  glands,  most  often  in  the 
female  mamma),  as  well  as  in  the  prostate  and  thyroid  glands,  adenomata, 
especially  in  the  skin  and  in  the  mucous  membranes. 

Adenomata  of  the  skin 

form  diiluse  or  circumscribed  tumors,  of  a size  varying  to  that  of  an  egg 
and  larger,  over  which  the  skin  is  at  first  but  little  changed,  but  later  is 
often  ulcerated:  adenoma  scdoriparum  and  ad.  sebaceum.  In  both 
cases,  they  consist  of  glandular  pouches,  whose  size,  ramification,  epithelium, 
etc.,  makes  their  origin  from  sweat-,  or  sebaceous  glands  probable,  and 
from  the  varying  (in  quantity)  intermediate  vascular  connective  tissue. 


474 


MUCOUS  POLYPI. 


Remak,  Deutsche  Klin.,  1854,  No.  10. — Forster,  Atl.  d.  p.  Anat.,  Taf.  XXIII., 
Fig-s.  1-4. — Lotzbkck,  Virch.  Arch.,  XVI.,  p.  100. — Verneuil  Arch,  gen.,  1854,  p! 
147. — Tiiikrfelder,  Arch.  d.  Heilic.,  XI.,  p.  401. 

(On  IliNDELKiscii’e  view,  that  lupus  is  an  adenoma  of  the  sebaceous  and  sweat- 
glands,  see  p.  4!38.) 

Adenomata  of  mucous  membranes 

occur  partly  as  hypertrophies  of  the  glands  of  mucous  membranes,  which  in 
many  cases  form  sharply  circumscribed  cyst-like  tumors  (see  p.  469)  ; in 
part  they  are  found  simultaneously  with  stronger  new-formation  of  vascular 
connective  tissue  in  form  of  the  so-called  mucous  polypi. 

Mucous  polypi  are  for  the  most  part  broad,  rarely  small  pedicled,  round 
or  oval,  simple  or  irregular,  lobed,  etc.,  forms  of  a size  varying  from  that  of 
a bean  to  that  of  a hen’s  egg  and  larger,  whose  surface  on  the  whole  resem- 
bles that  of  the  mucous  membrane,  and  affords  for  the  most  part  a distinct 
mucous  character,  while  the  cut  surface  is  of  a more  or  less  fibrous  texture, 
and  is  commonly  rich  in  blood.  These  tumors  owe  their  names  to  the 
mucous  glands  found  on  their  surface  and  within,  and  to  a large  extent 
opening  on  the  former.  The  latter  are  found  in  varying,  for  the  most  part 
large  numbers ; they  are  more  rarely  simple,  more  often  compound,  pouched, 
and  irregularly  racemose,  essentially  similar  to  the  normal  mucous  glands. 
The  surface  of  the  polypi  is  generally  covered  with  the  same  epithelium, 
which  belongs  to  the  mucous  membrane ; on  the  polypi,  or  parts  of  them 
lying  externally  (aural  and  rectal  polypi),  it  becomes  lamellar.  The  mass 
of  the  polypi  consists  for  the  most  part  of  very  vascular,  sometimes  nerve- 
Jbearing  connective  tissue,  which  on  the  surface  not  infrequently  forms 
numerous  papilla?.  The  interior  of  the  polypi  shows,  besides  the  glands, 
almost  constantly  various  numerous,  for  the  most  part  small,  round,  serous 
or  mucous  cysts,  sometimes  so  extended  that  the  polyp  loses  its  glandular  or 
mucous  character,  and  becomes  a so-called  cystic  or  vesicular  POLYPUS. 

The  glands  of  mucous  polypi  arise  by  a turning  in  of  the  epithelium  of  the  sur- 
face of  the  polypus,  as  is  the  case  in  similar  glands  in  the  embryo  and  in  childhood. 
Their  enlargement  takes  place  in  the  same  manner  by  turning  out,  etc.,  of  the  at 
first  pouch-like  forms.  Many  polypi  of  the  gastric  mucous  membrane  depend  upon  an 
elongation  and  dilatation  of  the  peptic  glands  (Forster). 

Mucous  polypi  occur  on  almost  all  mucous  membranes:  most  often  in  the 
nasal,  naso-pharyngeal  cavities,  i*ectum,  and  uterus. 

The  consequences  of  mucous  polypi  depend  especially  upon  their 
volume,  and  upon  their  relations  with  the  canal  lined  by  the  mucous  mem- 
brane, upon  their  position  and  the  possibility  of  a change  of  position 
(especially  with  polypi  with  small  pedicles),  upon  their  nearness  to  the 
surface  of  the  body,  upon  their  vascularity,  upon  the  changes  of  their 
parenchyma,  upon  the  irritation  which  they  exercise  on  the  affected  mu- 
cous membrane.  Polypi  are  therefore  sometimes  entirely  devoid  of  symp- 
toms (small  or  of  medium  size,  even  very  large  polypi  in  large  channels 
lined  by  mucous  membrane,  e.g.,  the  stomach) ; sometimes  they  give  rise 
to  lasting  or  transient  contractions  and  obstructions  of  the  channel  (espe- 
cially polypi  of  the  mucous  membrane  of  the  air-passages),  which  under  vari- 
ous circumstances  are  increased  or  diminished  (damp  weather,  exacerbations 
of  catarrh  of  the  mucous  membrane,  etc.).  If  they  are  situated  near  the 
surface  of  the  body  on  a movable  mucous  membrane,  they  appear  from  time 
to  time  or  are  always  present  on  the  former,  give  rise  to  tenesmus  and 
similar  sensations,  prolapsus  of  the  mucous  membrane;  under  the  same 
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conditions,  or  also  spontaneously,  they  give  rise  to  haemorrhages  of  varying 
importance,  even  endangering  health  and  life.  Almost  all  keep  up  chronic 
catarrhs  of  the  affected  mucous  membrane,  which,  after  removal  of  the 
polypi,  for  the  most  part  quickly  disappear,  and  in  consequence  of  it  there 
are  frequently  formed  hypertrophies  of  the  mucous  membrane  alone  or  of 
the  whole  organ. 

Billroth,  Ueb.  d.  Ban  d.  ScJdeimpdypen.,  1855. 

Adenomata  of  compound  racemose  glands, 
especially  of  the  mamma  and  parotid,  form  tumors  of  varying  size,  for  the 
most  part  circumscribed,  rounded,  and  usually  easily  enucleated.  They 
consist  of  rounded  or  elongated  bodies,  like  vesicular  glands,  but  for  the 
most  part,  larger  and  more  irregularly  formed,  with  a peripheral  homoge- 
neous membrane  and  nucleated  cells  on  their  internal  surface  arranged 
like  epithelium,  with  or  without  a central  space,  indicated  as  a gland- 
lumen.  These  vesicular  glands,  for  the  most  part  arranged  in  groups,  lie 
in  a soft  proportionately  abundant  connective  tissue ; they  however  are,  for 
the  most  part  connected  by  new-formed  ducts,  and  are  not  in  demonstrable 
connection  with  the  mother-gland.  In  general  these  tumors  are  grayish- 
red  or  dark  red,  fleshy  and  glandular,  and  permeated  by  connective  tissue 
cords  variously  arranged,  with  scanty  or  abundant,  mostly  mucous  juice. 
The  further  gross  anatomical  properties  vary  in  a manifold  manner, 
according  as  the  tumor  takes  possession  of  only  one  or  several  lobes  of  the 
glands  or  their  whole  extent  (partial  and  general  glandular  tumor),  accord- 
ing to  size,  form,  connection,  etc.,  of  the  new-formed  vesicular  glands, 
according  to  their  further  metamorphoses  (cvst-formation,  tuberculization, 
etc.),  according  to  their  number  (pure  or  fibroid  glandular  tumor)  and  kind 
(fibrous  tissue  or  mucous  or  cartilaginous  or  sarcomatous  tissue)  of  the 
new-formed  tissue  serving  as  stroma,  according  to  the  behavior  of  the  fatty 
tissue,  which  sometimes  increases  greatly,  according  to  the  behavior  of  the 
gland-ducts  (often  dilatation  of  them,  sometimes  transformation  into  cyst- 
like spaces  and  the  origin  of  papillary  ami  other  growths  of  varying  struct- 
ure on  their  internal  surface  : eysto-sarcoma  simplex,  phyllodes,  pro- 
liferum,  etc.). 

A similar  hypertrophy  affecting  all  or  only  a portion  of  the  glands  occurs  in  rare 
cases  also  in  the  pancreas.  Becker  ( CEstr.  Jahrb. , 1867,  p.  17)  describes  in  full 
detail  an  adenoma  of  the  lachrymal  glands. 

A cystomatous  adenoma  of  the  pituitary  body  of  the  size  of  a walnut  was  ob- 
served by  W.  Muller  (Iieab.  d.  path,  hut,  zu  Jena,  1871,  p.  425). 

Adenomata  of  the  prostate  gland 

consists  sometimes  in  a general,  sometimes,  especially  in  advanced  age,  also 
in  a partial  hypertrophy.  The  latter  is  represented  as  a new-formation  of 
for  the  most  part  sharply  circumscribed  and  easily  enucleated,  broad  or 
polypous  tumors  of  a varying  size,  to  that  of  a cherry  and  larger,  lying  in 
the  interior  of  the  gland  or  on  its  surface,  in  the  latter  case  especially  fre- 
quent in  the  cavity  of  the  bladder.  These  have  a structure  quite  analogous 
to  that  oi  the  normal  prostate,  but  without  connection  with  its  excretory 
ducts:  the  glandular  tissue  shows  in  comparison  with  the  connective  or 
muscular  tissue  a for  the  most  part  only  scanty  increase.  Like  the  normal 
gland,  they  often  become  the  seat  of  the  development  of  amyloid  and 
colloid  bodies  and  so-called  prostatic  concretions.  Glandular  tumor  of  the 
prostate,  in  its  larger  volume  and  unfavorable  location,  is  followed  by 
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stricture  of  the  neck  of  the  bladder,  and  thereby  catarrh  of  the  mucous 
membrane,  hypertrophy  of  the  muscular  coat,  etc. 

Adenomata  of  the  liver 

occur  in  two  different  forms  : in  both  are  found  pale  brown  and  soft 
knots,  which  vary  in  size,  are  very  small  (miliary)  or  reach  a diameter 
of  5 cent.,  separable  from  the  surrounding  tissues  and  compressing  them, 
which  knots  not  infrequently  occur  singly  or  in  small  numbers,  and  are 
accidentally  found  after  death  from  other  causes,  while  they  are  more 
numerous  in  other  and  rarer  cases,  behave  like  cancer  of  the  liver,  and  are 
the  essential  cause  of  death.  The  first  form  is  probably  congenital  or  has 
already  existed  for  a long  time,  while  the  latter  is  of  more  recent  date  and 
still  shows  processes  of  growth. 

According  to  RiNDFLEisCU  and  others,  the  process  of  formation  is  as  follows : 
the  hepatic  cells  of  a part  become  curved,  and  thus  form  a globular  space,  and  then 
push  forward  shoots.  The  new-formed  cells  often  become  cylindrical  and  are 
arranged  after  the  manner  of  compound  saccular  glands,  with  or  without  lumen. 
About  the  tumor  there  then  arises  a connective  tissue  envelope.  The  surrounding 
hepatic  tissue  is  compressed.  The  adenomata  may  later  undergo  fatty  degeneration, 
their  capsule  may  suppurate,  etc. 

Guiesingek  and  Rindflkiscii,  Arch.  d.  Hulk.,  V.,  p.  385  et  895. — Friedreich, 
Virch.  Arch.,  XXXIII.,  p.  48. — Ebkrtii,  lb.,  XLI1I.,  p.  1.— Willigk,  lb.,  LI.,  p.  208 
(assumes  the  origin  of  hepatic  adenomata  from  colorless  blood-corpuscles) 

Hypertrophies  and  adenomata  of  the  thyroid  gland 
occur  in  many  forms  : 1,  as  dilatation  of  the  original  glandular  A'esicles, 
which  affects  the  whole  thyroid  gland  uniformly  or  some  lobules  chiefly, 
for  the  most  part  with  colloid  degeneration  (so-called  simple  goitre)  ; 2, 
as  new-formation  of  glandular  elements,  increase  of  glandular  follicles  (so- 
called  hypertrophic  goitre),  occurring  for  the  most  part  simultaneously 
with  the  first  form.  There  arise  rounded  tumors  (so-called  goitrous  knots) 
from  the  size  of  a pea  to  that  of  a walnut  and  larger,  which  are  separated 
by  a connective  tissue  capsule  from  the  normal  gland  and  may  finally 
induce  atrophy  even  in  these ; development  of  new  rounded  thyroid 
gland  bodies  of  the  size  of  a pea,  bean  or  hazel-nut  near  the  thyroid  gland 
(accessory  glands) — probably  for  the  most  part  congenital.  The  new-for- 
mation of  all  these  forms  proceeds  from  the  glandular  epithelium.  This 
grows  at  one  point  and  forms  a protrusion  of  the  gland-membrane,  which 
gradually  becomes  larger  and  then  is  separated  by  constriction. 

Two  cases  of  congenital  adenoma  of  the  thyroid  gland  are  described  by  W.  MOller 
(1.  c.,  p.  454). 

New-formed  glandular  tissue  becomes  affected  in  the  same  manner,  and  quite  as 
frequently  as  the  normal : hypertemia,  inflammation,  haemorrhage,  colloid,  fatty 
and  chalky  metamorphoses  occur  near,  and  in  the  new-formed  masses,  and  give 
rise  to  very  different  forms,  which  often  represent  the  enlarged  thyroid  gland. 

Adenomata  of  the  testicles,  kidneys,  etc., 
also  probably  occur,  but  as  yet  are  unknown,  or  have  been  confused  with 
epithelial  cancers  of  those  organs. 

Ovarian  cysts  and  cystoids  likewise  belong  in  part  to  the  adenomata  : 
so-called  myxoid  or  colloid  cystomata.  While,  according  to  many,  they 
arise  from  connective  tissue,  others  have  shown  with  certainty  their  epithe- 
lial origin.  They  proceed  from  the  rounded  or  elongated  saccular  epithe- 
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lial  masses,  which  form  the  processes  of  the  Graafian  follicles.  They  remain 
in  part  glandular,  in  part  there  arise  cysts,  through  transudation  from  the 
bloodvessels  and  through  cell-metamorphosis. 


XIII.  CANCER  OR  CARCINOMA. 


(Epithelial  cancer,  and  endothelial  cancer.  Connective -tissue  cancer.) 

Bcrns.  Diss.  on  Inft.,  1800,  II.  ; Princ.  of  Surg.,  1838,  I.—  Ahernetiiy,  Surg. 
Work*,  1811,  II. — Bay  i,e  et  Cayol,  art.  Cancer  in  Diet.  d.  sc.  mid.,  1812. — L.knnec, 
art.  Encephalcnde  in  Diet.  d.  sc.  mid.,  1812. — Otto,  Sdtent  Beob..  1816,  I.,  p.  119; 
1824,  II..  p.  108. — Dupcytren,  Consul,  geriir.  sur  U cancer,  1817. — Wardrop, 
Ohs.  on  Fung.  Jlomnl.,  1809. — Maunoir.  Mini,  sur  les  Jong.  mid.  cthimat.,  1820. 
— Barino,  Veb.  den  Markschtoamm  des  lindens,  1833. — Scarpa,  SuUo  scirro  e sal 
yincro , 1821. — Cakswell,  art.  Scirrhus  in  F»rbe«'  Cyclop,  of  Prnct.  Mat..  1833. — 
Hannover,  Mufti's  Arch.  Jhrber.  f.  1843  ; Dos  Epithelioma,  1852. — J.  JICiakb, 
Feb.  d.  f in.  Bail  und  die  Formen  der  krkh.  Gtschw.,  1838;  Arch  , 1843,  p.  438. — 
Eckkr.  Arch,  f phys.  IleiUc .,  1844,  p.  380. — Lehi.rt,  M&Ws  Arch.,  1844;  Phys. 
path.,  1845,  II.;  Virch.  Arch.,  IV.,  p.  192;  Trade  grot,  dcs  maladies  concretises, 
1851. — Mayor.  HuU.de  la  soc.  anat.,  1844.  p.  218;  llich.  xur.  Us  turn,  epiderm., 
1846.— Bjeka,  Arch.  f. phys.  Jlcilk. , 1846. — Rokitansky,  Hdb.  d.  path.  Anal..  1846,  I. 
Ueb.  d.  Knln\  der  Krehsgeruste,  Sitmngsber.  d.  Wien.  Acad.,  1852  ; Feb.  d.  Zottenkrebs, 
Ibid.;  Fib.  d.  Gatlartkrebs,  Ibid. — W At. -iie.  Future  und  Treat m.  of  Cancer,  1816. — 
Bruch,  Do  Diagnose  der  biisartigen  G-chr,  1847;  Ztschr.  f.  rut.  Med,,  1849, 
VII.;  Arch.  f.  phys.  J bilk.,  XIV. — REINHARDT,  Virch.  Arch.,  1817.  I.,  p.  528; 
Ann.  d.  Char  , II.,  p.  1. — Bennett,  On  Cancerous  and  Cancroid  Growths,  1849. — 
Frkkichs,  Jenaische  Annalen,  1849. — Virchow,  Wiirzb.  Verh.,  1850.  I.,  p.  100; 
Arch..  I.,  p 94;  III.,  p.  22;  XI.,  p.  89;  Gaz.  mid.  de  Paris,  1855,  p.  211. — 
Ft  hrkr,  Deutsche  klin.,  1851,  No.  34;  Virch.  Arch..  IV.,  p.  584. — Bidder.  Midi's 
Arch.,  1852,  p.  178. — Broca.  Mem.  de  Cue, id.  franc.,  1852,  XVI.— G breach,  Der  Zot- 
tenkrebs,  1852. — Redkekn,  Monthly  Journ.,  1850.  — Rkmak,  Deutsche  Klin.,  1854. — 
Schroder  van  der  Koek,  Federl.  lane. , 1853.— E.  Wagner,  Arch.  f.  phys.  lUilk., 
1858.  p.  153;  1859.  p.  306 ; Arch.  d.  lleilk.,  I„  p 157;  III.,  p.  143;  Der  Gcbdr- 
mutterhrebs,  1858.— Scnuii,  Drag.  Vjschr.,  1851. — KOiii.kr,  Die  Krebs-  und 
Scheinkrebskrankh. , 1853. — Demme,  Schweiz.  Monatsehr.,  1858.  III. — Forster, 
Virch.  Arch.,  1858,  XIV.,  p.  91  ; Wurzb.  Ztschr..  IV.,  p.  317  ; Hdb.  d.  path. 
Anat.,  I.,  p.  388 — Bii.i.ROTH,  Virch.  Arch.,  I860,  XVIIL,  p.  82;  Arch.  f.  klin. 
Chir..  VII..  p.  860.— Eisket,  Drag.  Vjschr.,  1862.  I. XX.  et  I.XX VI.— -Thiersch, 
Der  Epitheludkrebs  nam.  der  Haul..  1865.— Wai.deyer,  Virch.  Arch.,  1867,  XLI. , p. 
470  ; 1872,  LV„  p.  67. — KOstkr,  Die  Entic.  d.  Carcin.,  etc.,  1869. 

(Consult  besides  the  text-books  of  pathological  anatomy  and  surgery.) 

Cancer  is  a term  applied  to  a new-formation  occurring  as  a tumor  or 
infiltration  in  almost  all  tissues  and  organs,  and  which  is  diffuse,  single  or 
multiple,  very  rarely  acute,  for  the  most  part  chronic,  of  varying  size, 
form,  color,  consistence,  etc.  It  consists  essentially  of  cells,  which  in  size, 
form,  partly  also  in  arrangement,  etc,,  are  like,  or  similar  to  other  physiolo- 
gical cells  (epithelial  and  gland-cells,  endothelial  cells,  colorless  blood-cor- 
puscles), but  especially  through  their  number  and  metamorphoses  are 
followed  by  destruction  of  affected  parts  of  the  organ,  and  finally,  almost 
always  by  that  of  the  organ  itself.  After  extirpation  cancer  usually 
returns. 

The  synonyms  of  cancer  are  extraordinarily  numerous.  They  concern  least  its 
special  forms  and  metamorphoses  (e.g.,  scirrhus,  fibrous  cancer,  medullary  cancer, 
epithelial  cancer,  cellular  cancer,  gelutiniform  cancer,  alveolar  cancer,  reticulated 
cancer,  carcinoma  melanodes,  bannatodes,  etc.) ; for  the  most  part  they  relate  to  the 
various  theories  on  the  origin  and  nature  of  cancer  (e.g.,  besides  a number  of  the 
synonyms  already  given,  H|s>ngoid  inflammation,  fungus  medullaris,  medullary  sarco- 
ma, encephaloid,  mat  lire  cerebri  forme,  milk-like  tumor,  galactomyces,  etc.). 
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FORMS  OF  CANCER. 


The  above  definition  of  cancer  is  partly  path  ologico -anatomical,  parti}' 
clinical.  By  their  essential  elements,  especially  by  the  form  and  arrange- 
ment of  their  cells,  as  well  as  by  the  origin  of  the  latter,  cancers  are  distin- 
guished as  epithelial  cancers,  connective-tissue  cancers,  and  endothelial  can- 
cers. 

Epithelial  cancer,  in  the  broader  sense,  consists  of  cells  arranged  like 
epithelium  in  distinct,  and  for  the  most  part  comparatively  large  aveoli, 
which  cells,  with  respect  to  their  situation  and  origin,  are  more  or  less 
similar  to  those  of  the  epithelium  of  the  skin  or  of  the  laminated  pavement 
epithelium,  of  the  cylindrical  epithelium,  or  of  the  epithelium  of  many  true 
glands.  These  cells  are  immediate  descendants  of  the  epithelium  of  the 
skin,  mucous  membranes,  or  glands  ; they  arise  either  by  a growth  of  the 
elements  of  these  into  the  surrounding,  for  the  most  part  connective  tissue, 
textures.  Connective-tissue  cancer  consists  of  round  or  rounded,  for  the 
most  part  smaller  cells,  not  arranged  like  epithelium.  These  arise  from 
the  connective-tissue  corpuscles  or  of  the  tissues  analogous  to  it. 

Epithelial  cancer  proceeds  from  forms  of  the  upper  and  lower  germinal 
layer,  and  therefore  belongs  to  the  series  of  new-formations  of  true  epithe- 
lium, of  the  formations  of  adenomata  and  many  cysts.  Connective-tissue  * 
cancer,  on  the  other  hand,  arises  from  forms  of  the  middle  germinal  layer, 
especially  of  common  connective  tissue,  and  thus  is  ranged  with  the  forma- 
tion of  sarcoma,  glioma,  etc. 

Intermediate  between  epithelial  and  connective-tissue  cancers  stands  en- 
dothelial caneer.  In  all  essential  properties  it  resembles  epithelial  cancer, 
but  arises  from  endothelial  cells,  thus  from  forms  of  the  middle  germinal 
layer. 

Epithelial  and  endothelial  cancers  are  in  general  atypical  epi-  and  endo- 
thelial tumors,  connective-tissue  cancers  are  atypical  connective-tissue 
TUMORS. 

Since  with  the  exception  of  the  kind,  arrangement,  and  origin  of  the  cells,  the 
remaining  anatomical  and  clinical  properties  of  the  three  chief  forms  of  cancer  essen- 
tially agree,  and  since  the  above  division  cannot  yet  be  extended  to  some  tumors, 
and  is  not  accepted  by  many,  we  will  treat  of  the  general  anatomico-pathological 
and  clinical  properties  of  both  forms  of  cancer  together. 

For  the  same  reasons,  as  well  as  on  account  of  the  especially  conspicuous  malignity 
of  cancerous  new-formations,  we  regard  cancer  as  a special  form  of  tumor.  Jlrief 
mention  has  already  been  made  of  connective-tissue  cancer  in  the  consideration  of 
heterologous  new-formations  of  connective  tissue  (p.  4311),  of  epithelial  cancer  in 
that  of  epithelium  (p.  470),  of  endothelial  cancer  in  that  of  endothelium  (p.  <504). 

Cancer  affects  all  tissues,  with  the  exception  of  cartilage,  the  internal 
and  middle  coats  of  the  arteries,  and  all  organs,  in  very  varying  frequency. 
In  general,  the  following  order  of  frequency  holds  good  with  respect  to 
the  seat  of  cancer  : most  often  the  lymph-glands,  female  mamma),  uterus 
with  the  vagina,  lower  lip,  liver,  stomach,  oesophagus,  serous  membranes; 
more  rarely  the  lungs,  various  portions  of  the  skin,  intestinal  canal,  veins 
and  lymphatic  vessels,  bones,  brain  and  its  meninges,  eye,  kidneys,  supra- 
renal capsules,  testicles,  tongue;  most  rarely  the  urinary  bladder,  ovaries, 
muscles,  air-passages,  salivary  glands,  tonsils,  thyroid  gland,  spinal  cord, 
spleen.  Besides,  cancer  shows  an  especial  preference  for  certain  parts  of 
organs:  vaginal  portion  of  the  uterus,  pylorus  of  the  stomach,  transition 
points  of  skin  into  mucous  membrane,  lower  extremity  of  the  small  intes- 
tine, caecum,  rectum,  trigonum  of  the  urinary  bladder,  etc. 

The  order  OF  frequency  above  given  of  the  occurrence  of  cancer  holds  good 
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only  in  an  absolute  sense.  With  respect  to  the  frequency  of  the  organ  attacked  by 
primary  and  secondary  cancer,  the  scale  is  about  as  follows:  For  primary  cancer  : 
first,  the  female  mamma,  lower  half  of  the  uterus  with  the  vagina,  lower  lip.  stomach, 
oesophagus,  lvmph-glands ; then  the  skin,  liver,  intestines,  bones,  urinary  bladder, 
kidneys,  brain  and  meninges,  testicle,  the  eye ; last,  the  ovaries,  lungs,  air-passages, 
serous  membranes,  thyroid  gland,  salivary  glands,  lymphatic  vessels.  For  second- 
ah v cancer  : lymph-glands  and  connective  tissue  (lymphatic  vessels?)  in  the  vicinity 
of  the  primary  cancer;  the  affected  serous  membranes;  liver  and  lungs;  skin,  mus- 
cles. bones,  heart ; finally,  all  remaining  organs.  Most  of  those  organs  in  which 
primary  cancer  is  especially  frequent,  show  secondary  cancer  extremely  rarely  (mam- 
ma. uterus,  stomach),  while  in  many  organs,  as  the  liver  and  lymph-glands,  both 
forms  of  cancer  are  of  not  infrequent  occurrence. 

In  organs  which  exist  in  pairs  < mamma;,  kidneys,  testicles,  lungs,  salivary  glands, 
etc. ),  for  the  most  part  only  one  organ  sometimes  later  also  the  other,  rarely  both 
simultaneously,  or  soon  after  one  another,  become  affected  by  primary  cancer. 
Secondary  cancer  occurs  for  the  most  part  in  both  organs  of  a pair. 

Cancer  not  infrequently  also  occurs  iu  other  new- formations,  especially  of  connec- 
tive tissue  (in  pseudo-membranes,  adhesions  and  inflammatory  thickenings  of  serous 
membranes,  iu  the  cicatricial  masses  from  gastric  ulcers,  in  many  now-formations  of 
the  skin,  etc.),  in  cysts,  etc.  On  the  metamorphosis  of  many  new -formations  into 
cancer,  ride  infra. 


Cancer  occurs  singly  or  in  great  numbers.  That  is  es|»ecially  true  of  it, 
which  was  said  above  (p,  3<»5)  of  primary  and  secondary  or  metastatic  new- 
formations.  In  general,  epithelial  cancer  is  followed  by  secondary  cancers, 
if  we  except  those  of  the  corresponding  lymph -glands,  mure  rarely  or  for 
the  most  part  in  less  number  than  connective  tissue  cancer. 

Cancer  appears  either  in  form  of  tumor  or  infiltration.  The  latter  is 
the  case  in  most  primary,  the  former  in  most  secondary  cancers. 

The  cancer  tumor  (cancer  swelling,  cancer  knots,  so-called  circumscribed 
cancer)  is  of  a size  varying  from  that  just  perceptible  (miliary  cancer)  to 
that  of  the  head  and  larger.  Its  form  is  regularly  round  or  irregular, 
knotty,  branched,  etc.  Its  consistence  varies  from  that  of  almost  bony 
hardness  to  that  of  pulpy  softness:  according  to  the  number  of  proper  can- 
cer-cells and  the  character  of  the  stroma.  Hard  cancers,  without  reference 
to  structure,  are  often  called  scikkhus;  the  soft,  medullary.  Cancer 
knots,  especially  those  which  are  secondary,  appear  to  the  naked  eye 
frequently  more  or  less  sharply  defined;  and  they  can  be  enucleated,  or 
microscopically  they  show  almost  always  a continuous  connection  with  the 
normal  tissues.  Only  in  extremely  rare  cases  is  the  cancer  tumor  really 
separated  from  the  surrounding  textures  by  a layer  of  loose  connective 
tissue  (capsule)  free  from  cancer  and  easily  enucleated.  The  surrounding 
textures  of  most  cancer  knots  show  a slight  compression  of  the  tissues  not 
proportionate  to  the  size  of  the  cancer.  Cancer,  in  form  of  tumor,  is  found 
especially  in  the  interstitial  connective  tissue  of  the  most  various  parts,  in 
and  beneath  the  skin  and  in  serous  membranes,  in  the  brain,  liver,  spleen, 
lungs,  etc. 

Cancerous  infiltration  (infiltrated  or  diffuse  cancer)  occurs  most  often 
primarily,  in  the  skin,  in  mucous  membranes  and  hollow  organs  (uterus, 
etc.).  1 he  affected  skin  or  organ  is  then  to  a greater  or  less  extent  so 
unitormly  permeated  by  a homogeneous,  variously  colored  mass,  often 
yielding  a milky  juice,  that  the  structure  is  not  at  all,  or  only  partly  recog- 
nizable, and  the  tissue  appears  in  various  degrees  thickened. 

i’h®  elements  ok  CANCER  are  cancer-juice  and  a firm  substance  serving 
as  a reservoir  or  support,  the  stroma. 

Cancer-juice  consists  of  cancer-cells  and  a usually  scanty,  lluid  sub- 
stance, the  intercellular  substance,  or  cancer-serum.  The  cancer-stroma 
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forms,  in  epithelial  and  endothelial  cancer,  more  or  less  numerous,  closed 
or  connected  cavities,  of  varying  size  and  form,  the  so-called  alveoli  of 
cancer,  within  which  the  cancer-cells,  at  first  arranged  similarly  to  gland- 
ular cells,  are  contained  ; in  villous  cancer  there  are,  besides,  papillary 
excrescences  of  varying  form,  in  the  periphery  of  which  the  cancer-cells  lie  ; 
in  connective  tissue  cancer  an  irregular,  sometimes  narrow,  sometimes  wider 
net-work  of  for  the  most  part  scanty  connective-tissue  fibres,  or  of  the 
character  of  reticular  connective  substance,  in  the  space  of  which  the  cancer- 
cells,  single,  few,  rarely  many,  are  found. 


The  alveolar  structure  of  cancer  was  long  regarded  as  especially  characteristic. 
This  however  is  not  the  case.  Adenoma  also,  and  many  sarcomata  and  cystomata, 
show  an  alveolar  structure.  To  draw  conclusions  from  the  alveolar  texture  of  new- 
formations,  it  is  almost  always  necessary  to  consider  the  structure  of  the  mother- 
tissue. 

The  cells  of  cancer 

have  no  specific  characteristics.  There  are  only  a few  points  by  which 
they  may  with  probability  be  recognized.  These  are  the  comparatively 
considerable  number  of  cells,  their  frequently  largo  size,  their  irregular 
shape,  which  agrees  more  or  less  only  with  a few  physiological  cells,  the 
frequently  multiple  nuclei  and  nucleoli,  the  for  the  most  part  considerable 
size  of  the  nucleus,  and  also  of  the  nucleolus,  the  arrangement  of  the 
cells  departing  more  or  less  from  that  of  those  of  the  textures  hitherto 
described. 

A demonstrable  intercellular  substance  if)  wanting  in  most  cancers ; some 
cancer-cells  are  more  or  less  firmly  connected  together  by  a material  which  is  invisi- 
ble. in  many  cancers  however  there  is  found  a clear,  liquid,  albuminous  or  mucous 
substance  in  for  the  most  part  small  quantity.  It  is  already  present,  either  in  can- 
cers examined  in  the  fresh  state,  or  it  appears  only  when  the  cancers  have  been  sub- 
jected to  examination  a long  time  after  extirpation  or  after  death.  In  the  latter 
case,  it  is  formed  as  an  excretion  of  the  cells,  or  by  metamorphosis  of  the  cell-con- 
tents, or  by  destruction  of  the  cells. 


Melanotic  or  pigment-cancer,  carcinoma  melanodes  (malignant  melan- 
osis), is  distinguished  from  common  cancers  by  the  gray,  grayish-brown, 
brown  or  deep  black  coloring  of  the  external  or  cut  surfaces,  and  by  the 
similarly  colored  juice.  This  coloring  either  affects  all  cancers  of  the  body, 
primary  and  secondary ; or  clear  cancers  are  found  with  the  dark  ; or  some 
or  all  knots  are  partly  of  the  usual  color,  partly  more  or  less  dark  colored. 
In  many  cases,  cancers  operated  on  at  first  were  of  the  usual  color ; each  of 
those  operated  on  later  was  darker.  Melanotic  cancers  moreover  are  some- 
times connective-tissue  cancers,  sometimes  epithelial.  Their  primary  seat 
is  sometimes  only  those  parts  in  which  is  found  physiological  or  pathologi- 
cal pigment ; most  often  the  eye,  the  eyelids,  the  external  previously  nor- 
mal skin  or  skin  “ marks,”  or  cicatrices  resulting  from  extirpation.  Second- 
ary cancers  are  for  the  most  part  very  numerous,  and  sometimes  distributed 
over  almost  all  parts  of  the  body,  especially  the  lymph-glands,  liver,  lungs, 
bones  and  serous  membranes. 


Microscopical  investigation  shows,  besides  various  numerous  uncolored  cancer  cells, 
others  with  more  or  less  numerous,  brown  or  black,  very  small  molecules  or  larger 
granules ; often  most  of  the  cells  decay,  so  that  only  free  pigment  is  visible.  The 
Btroma  is  sometimes  abundant,  sometimes  scanty,  usually  vascular,  sometimes  color- 
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less,  sometimes  in  various  degrees  pigmented.  The  pigment-granules  are  distributed 
uniformly  or  in  larger  or  smaller,  spindle-shaped  cavities. 

In  melanotic  cancer  the  cancer-cells  receive  the  coloring  matter  chiefly  from  the 
nutritive  liquid,  like  the  epithelium  of  the  choroid,  the  conjunctiva,  the  cells  of  the 
rete  Malpighi,  many  ganglion-cells : perhaps  in  part  also  from  capillary  haemorrhages. 
According  to  RINDFLEISCH  (L  c.,  p.  100),  a taking  up  of  the  dissolved  coloring 
matter  of  the  blood  takes  place  from  the  blood  : he  found  the  first  traces  of  pigmen- 
tary infiltration  in  the  endothelium  of  the  vessels. 

Melanotic  tumors  are,  according  to  many,  most  often  sarcomata,  according  to 
others,  carcinomata  LCCKE  (D.  Z.  f.  Cfiir.,  1878.  II..  p.  199)  regards  MELANOMA 
as  a tumor  gut  generis.  The  pigment-cell  is  something  specific  ; it  can  be  an  epithe- 
lial cell,  a connective  tissue  cell ; it  sometimes  produces  carcinoma,  sometimes  sar- 
coma, sometimes  mixed  tumors  (sarco-carcinoma).  (See  also  p.  810.) 


The  stkoma  or  framework  of  cancer 
is  the  solid  portion  of  the  cancer  remaining  after  separation  of  the  cancer- 
juice  (by  pencilling,  etc.),  consisting  of  connective  tissue,  and  not  infre- 
quently of  the  other  remaining  textures  of  the  mother-organ. 

The  quantity  of  tiie  btrom  \ varies  in  a high  degree.  Only  rarely  is  it  so 
abundant,  that  it  forms  the  by  far  greatest  portion  of  the  cancer,  and,  in  microscopi- 
cal examination,  shows  only  few  and  small  alveoli  filled  with  cells : so-called  scir- 
RifUS,  CARC.  FIBROSUM.  This  is  the  case  with  many  cancers  during  the  whole  of 
their  existence,  in  the  periphery  of  many  cancers  in  so-called  atrophic  cancers.  More 
often  stroma  and  cancer-juice  are  present  in  almost  equal  proportions : common 
cancer,  care,  fibroso-meduliare.  Most  often,  finally,  the  cells  preponderate  over  the 
stroma  in  various  degrees  : MEDULLARY  cancer,  CARC.  MEDUI.Lark,  cellular  can- 
cer. This  may  proceed  to  so  great  an  extent,  that  the  stroma  forms  only  a very 
subordinate  element  of  the  cancer,  or  seems  here  and  there  to  he  entirely  wanting 
(as  in  many  medullary  cancers  of  quick  growth  and  in  very  old  epithelial  cancers) : 
by  subjecting  it  to  water,  by  microscopical  examination,  etc.,  it  becomes  distinct. 


The  stroma  of  developed  cancer  consists  sometimes  of  undulating  con- 
nective tissue  with  scanty  or  abundant  connective-tissue  corpuscles  j some- 
times of  non-undulating,  indistinctly  fibrous  or  entirely  homogeneous  con- 
nective tissue  with  for  the  most  part  scanty  or  less  developed  connective- 
tissue  corpuscles,  which,  for  certain  distances,  may  be  entirely  wanting, — 
so  that  it  resembles  atrophic  connective  tissue.  Rarely  it  consists  only  or 
chiefly  of  spindle  or  round  cells,  which  are  connected  together  like  those  of 
many  sarcomata : carc.  sarcomatosum.  Very  rarely  it  is  more  or  less 
similar  to  mucous  tissue:  carc.  myxomatopes.  In  cancers,  which  are  still 
in  the  process  of  development,  the  stroma  consists  of  the  more  or  less 
atrophic  original  tissue : thus  in  fatty  tissue  of  connective  tissue  with 
atrophic  fat-cells,  in  muscular  tissue  of  atrophic  muscular  substance,  in 
glands  of  gland  cells,  etc.  \\  ith  the  further  development  of  the  cancer  the 
original  tissues  are  often  wholly  destroyed.  The  stroina  of  bone-cancers,  of 
many  carcinomata  situated  on  the  surfaces  of  bones,  rarely  of  those  of  soft 
parts,  is  either  true  bony  substance  in  form  of  villous,  laminated,  etc.,  osteo- 
phytes, or  a so-called  osteoid  substance. 

Cancer  with  a mucous  framework,  carcinoma  myxomatodf.s,  is  charac- 
terized by  the  stroma,  which  consists  of  mucous  tissue ; the  textures 
immediately  around  the  cell-accumulations  show  often  a laminated  struc- 
ture, whilst  t lie  spindle-shaped  cells  are  arranged  in  concentric  circles.  The 
cells  of  the  alveoli  are  for  the  most  part  small,  albuminous,  and  form 
rounded  or  oval  masses  in  the  alveoli ; they  are  easily  destroyed  by  fatty 
metamorphosis,  so  that  sometimes  the  meshes  are  filled  only  with  fatty 
detritus.  Ihe  cells  of  the  mucous  tissue  may  be  destroyed  by  fatty  meta- 
morphosis, so  that  in  many  cases  in  the  framework  as  well  as  in  the  alveoli 
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only  fat-granules  are  to  be  seen  in  place  of  the  cellular  elements.  Cancer 
with  mucous  framework  is  rare.  It  is  distinguished  externally  from  com- 
mon carcinoma  only  by  its  muoo-gelatinous  cut  surfaco. 

Ossification  of  the  stroma,  the  so-called  osteoid  cancer, 
occurs  most  often  in  cancers  proceeding  from  the  periosteum,  as  well  as 
sometimes  in  secondary  cancers,  e. g. , of  the  lungs,  rarely  of  other  tissues 
It  affects  for  the  most  part  connective-tissue  cancers,  rarely  those  of  an 
epithelial  formation. 

The  bloodvessels  of  cancer 

course  in  the  direction  of  the  trabeculae  of  the  stroma.  They  form  a con- 
stant element  in  all  these  trabeculae,  with  the  exception  of  the  thinnest, 
where  they  are  entirely  wanting.  In  many  very  soft  and  vascular  cancers 
the  vessels  are  surrounded  only  by  an  extremely  thin  layer  of  soft  connective 
tissue,  which,  in  a superficial  microscopical  examination,  is  easily  over- 
looked. The  vessels  are  capillaries  of  the  usual  diameter,  and  not  infre- 
quently are  remarkably  wide,  and  of  the  usual  structure.  They  are  for  the 
most  part  new-formed,  but  are  connected  in  the  usual  manner  with  the 
arteries  and  venous  branches  of  the  surrounding  structures.  In  the  lungs 
and  liver  the  vessels  of  cancer  are  connected  only  with  the  nutritive  vessels 
(bronchial  and  hepatic  arteries),  not  with  the  functional  vessels.  Larger 
arteries  and  veins  are  entirely  absent  in  cancel*,  or  are  present  only  in  its 
periphery  and  then  are  residues  of  the  normal  organ.  Only  by  their  artifi- 
cial injection  is  the  number  of  the  vessels  of  cancer  demonstrated. 

Teleangiectatic  cancer,  fungus  hematodes,  carcinoma  teleangiectodes, 
is  a very  soft  cancer,  of  a more  or  less  dark  red  color,  from  the  cut  surface 
of  which  there  flows  an  abundant,  creamy  juice  of  a red  color,  or  a liquid 
similar  to  blood.  The  not  infrequent,  slight  grades  of  this  form  of  cancer 
still  show  a varying  number  of  points  of  the  common  character  of  a white 
cancer,  which,  in  the  highest  degree,  resemble  capillary  tumors,  and  which 
on  section  quickly  become  empty,  so  that  only  a dark  red  cavernous  tissue 
without  any  or  with  only  an  indistinct  cancerous  structure  remains.  The 
microscope  shows,  besides  cancer-cells  and  blood-corpuscles,  a for  the  most 
part  delicate  stroma  with  very  abundant,  and  in  high  degree  uniformly  or 
partially  dilated  vessels.  This  form  of  cancer  occurs  most  often  in  the 
brain  and  kidneys. 

Lymphatic  vessels  are  probably  of  uniform  occurrence  in  cancer. 

SchrOder  van  dkr  Kolk,  already  in  1842,  demonstrated  lymphatic  vessels  in 
cancer  (Dissert,  of  Lesihnasse).  (See  also  p.  370.) 

The  causes  of  primary  cancer 
are  in  general  the  same  as  of  other  new- formations.  (See  p.  307.) 

On  the  causes  of  secondary  cancer,  that  which  has  been  said  in  general 
especially  holds  true  (see  p.  366).  Also  here  stand  opposed  the  so-called 
implantation  and  infection  theories. 

It  is  most  probable,  that  cells  pass  from  primary  cancers,  through  the  lymph-  or 
blood-vessels,  into  the  circulation,  and  in  the  parts  affected  give  rise  to  cancer-forma- 
tion : so-called  implantation  theory.  These  points  in  many  cases  lie  in  the  direc- 
tion of  the  blood-  and  lymph-vessels  ; in  other  cases  secondary  cancers  arise  in  parts 
which  stand  in  no  immediate  relation  to  the  direction  of  the  blood-  and  lymph-cur- 


CAUSES  AND  COURSE  OF  CANCER. 


493 


rent.  They  are  of  comparatively  frequent  occurrence  in  the  large  glands,  as  the 
liver  and  lungs. 

Proofs  of  this  manner  of  origin  of  secondary  or  metastatic  cancers  have  in  late 
years  accumulated.  For  some  cases  it  has  been  demonstrated  with  certainty,  that 
cancer-masses  as  a whole  and  cancer-cells  especially,  which  are  free  in  the  blood- 
vessels, having  been  transported  hence  mid  deposited  in  other  parts,  become  the 
causes  of  cancerous  formation.  A case  in  point,  of  secondary  cancer  of  the  iiver, 
has  been  communicated  by  ScnCprKL  < Arch.  d.  JleUk. . 1868.  IX.,  p.  387).  See  also 
Fetzek.  Ikitr.  t.  IIi*t»()fne»e  dtx  Leberkrebut.  Tub.  1808. 

Proofs  that  cancers  hud  their  way  into  the  LYMPHATIC  VESSELS,  are  not  infre- 
quently found  in  autopsies  : mast  often  in  primary  or  secondary  cancers  of  the  lungs, 
when  the  cancer  is  m aeroecopically  visible  in  the  interlobular  subpleural  lymphatic 
vessela  Cases  of  this  kind  have  been  observed  bv  Amoral,  Hour.manx.  GCnsburo. 
C R0VEI liiikr,  Rokitansky,  Lrbkrt,  the  author  (der  G cb&rmutterkrch*. , p.  84. 
Arch.  d.  Htulk. , 1868,  IV.,  p.  538),  Recklinghausen  <J fon.f  GebrGk 1861.  XVII  , 
p.  322),  but  especially  by  SOsteK  tl.  c.).  Secondary  cancerous  degeneration  of 
the  lymph-glands  begins,  according  to  Loeper.  most  often  in  the  surface,  accord- 
ing to  Billroth  in  the  deeper  alveoli  ; according  to  Gussesbauek  {Arch.f.  klin. 
Ohtr 1872,  XIV.,  p.  561),  it  begins  first  in  the  gland -substance  proper  (glandular 
elements  of  the  cortical  and  medullary  sacs),  anil  then  in  the  tissue  of  the  septa ; 
degeneration  in  the  medulla  proceeds  for  the  most  part  in  the  cortical  portion. 

Also  in  serous  membranes,  secondary  extension  in  a mechanical  way  is  some- 
time to  be  demonstrated : particles  of  a soft  canoer  fall  perhaps  to  the  deeper  parts 
of  the  cavity,  here  adhere  and  grow. 

Opposed  to  the  above  theory  is  the  IXKSCTION  theory,  whereby  the  juices  arising 
from  the  primary  cancer  excite  cancer  formation  in  those  tissues  with  which  they 
come  in  contact 

Experimental  injection  of  cancer-juice  into  the  bloodvessels  of  living  animals  has 
so  far  furnished  no  positive  results  The  experiments  of  LaXOknbkck,  of  Lebeht 
and  Foi.ljn  certainly  have  no  value.  O.  Weber  (see  p.  869)  and  Goujon  have 
perhaps  obtained  results;  Billroth,  Leukiit-Wyss.  and  Dot  trei.kpont.  on  the 
other  hand,  obtained  negative  results.  Rkinckr  (Vireh.  Arch.,  1870.  LI.,  p.  391) 
saw  in  two  cases,  where  puncture  of  the  abdomen  had  been  performed  on  account  of 
carcinomatous  peritonitis,  cancerous  knots  appear  in  the  tract  of  puncture,  which 
were  separated  from  the  peritoneal  cancer  by  healthy  tissue. 


The  course  of  cancer 

is  in  the  greater  number  of  cases  chronic,  lasting  in  so  called  atrophic 
cancer  and  in  many  cases  of  epithelial  canoer  of  external  parts  ten  years, 
otherwise  from  one  to  about  three  years.  The  great  variation  in  the  course 
of  cancer  depends  especially  upon  the  kind  and  importance  of  the  tissue 
attacked,  upon  the  size  and  number,  and  upon  the  kind,  of  cancer  (the 
rapidity  of  course  is  in  general  in  direct  ratio  with  the  richness  in  cells  and 
vascularity),  upon  their  metamorphoses,  surgical  interference,  etc. 

Cancels  of  the  mammary  glands  and  of  the  uterus  often  run  their  course  during 
pregnancy  with  remarkable  rapidity  (Klot*,  Utber  Mastitis  cartinomatom  gravida- 
rum et  lactunbvm.  DU*.  Halle,  1869). 

Rarely  the  course  of  cancer  is  acute,  analogous  to  acute  miliary  tuber- 
cu  osis  . so-called  acute  miliary  carcinoses.  In  such  cases  there  is  found 
or  t ie  most  part  an  older  cancer;  much  more  rarely  is  the  acute  cancer 
primary.  he  symptoms  are  fever,  which,  in  the  former  case,  is  associated 
wit  i t ie  symptoms  of  chronic  cancer,  often  severe  cerebral  phenomena, 
symptoms  on  the  part  of  the  respiratory  organs,  etc.,  which  in  a few  weeks 
. u 0 11  , 1 termination.  Autopsy  shows  in  various,  sometimes  in  all 

tissues  and  organs  of  the  body,  especially  in  the  serous  membranes,  some- 
times even  in  new- format  ions,  very  numerous  cancers,  which  are  sometimes 
M iy  small,  sometimes  of  the  size  of  a pea,  isolated  or  confluent,  grayish- 
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white,  or  grayish  red ; the  serous  membranes  show  besides  for  the  most 
part  symptoms  of  inflammation. 


Kohler  (1.  c.,  p.  110),  Rokitansky  ( Lehrb .,  1856,  I.,p.  255),  Demme  (Schweiz. 
MonatHKr.hr.  f.  pract.  Mecl.,  1856,  No.  (57),  Bamberger  ( Oestr.  Ztschr.  f.  prakt.  Ueilk., 
1857,  No.  8 et  9),  Eeiciisen  ( Virch . Arch .,  XXI.,  p.  465). 


The  changes  presented  by  parts  of  organs  free  from  cancer  either 
were  present  already  before  the  new-formation,  or  are  only  consequences 
of  the  cancer.  They  cannot  always  be  sharply  separated.  The  most 
important  of  the  changes  dependent  upon  cancer  are : hypertrophy,  espe- 
cially of  the  for  the  most  part  dilated  muscular  portions  of  saccular  organs 
lying  behind  the  cancer  (intestinal  canal  from  the  oesophagus  to  the  anus, 
uterus,  urinary  bladder),  more  rarely  hypertrophy  of  glands,  e.y .,  sebace- 
ous glands,  also  those  of  the  normal  papillae  or  villi ; atrophy,  especially 
of  glandular  organs  (liver,  lymph-glands)  ; catarrhs  of  the  surrounding 
mucous  membrane  and  their  consequences : pigmentation,  thickening,  vil- 
lous formation,  ulcerations,  haemorrhages,  false  dropsies  ; more  rarely  croup- 
ous and  so-called  diphtheritic  inflammations  ; pseudo-membranes  and 
adhesions  of  the  affected  serous  membrane  ; suppurative  and  septic  inflam- 
mations of  serous  membranes,  which  are  consequences  of  local  cancer  or  of 
diseases  consecutive  to  cancer  (hydronephrosis,  dilatations  of  the  intestines, 
etc.),  or  stand  in  no  demonstrable  relation  to  cancer  (pericarditis);  ven- 
ous thromboses  (in  consequence  of  pressure,  cancer  of  the  veins,  marasmus). 
Often  the  parts  free  from  cancer  are  perfectly  normal  (many  cases  of 
cancer  of  the  stomach,  cancer  of  glands,  etc.). 

The  influence  of  cancer  on  the  whole  organism  depends  especi- 
ally upon  its  size,  number,  its  metamorphoses,  but  most  upon  its  locality. 
Therefore  most  all  cancers  have  at  their  beginning,  some  even  until  the 
death  of  the  individual,  no  demonstrable  general  consequences.  The  latter, 
as  well  as  final  death,  are  dependent : 

Most  often  upon  the  primary  cancer : comparatively  rarely  upon  the  cancer 
which  has  not  been  at  all  or  only  little  changed : its  considerable  size 
chiefly,  seat  in  organs  essential  to  life  (brain),  stricture  or  closure  of  canals 
essential  to  life  (oesophagus,  stomach) ; pressure  on  parts  essential  to  life 
(brain,  upper  portion  of  the  spinal  cord),  on  many  veins; 

More  often  upon  metamorphoses  of  the  cancer : production  of  ichor 
and  the  consequent  anaemia  and  cachexia  (external  parts,  stomach,  uterus)  ; 
haemorrhages,  single  and  of  large  extent  or  frequent  and  less  severe,  espe- 
cially from  villous  cancer  (urinary  bladder,  stomach,  uterus) ; perforations 
of  surrounding  parts,  especially  of  large  arteries,  with  fatal  haemorrhage 
(oesophagus),  of  the  air-passages  (cancer  of  the  oesophagus),  and  serous  mem- 
branes (consecutive  inflammation,  production  of  ichor) ; 

More  rarely  upon  numerous  or  quickly  forming,  for  the  most  part  small, 
miliary,  secondary  cancers  (so-called  acute  carcinosis) ; 

Upon  a number  of  diseases,  which  clinically  are  of  frequent  occun*ence  in 
those  sick  with  cancer,  for  which  there  is  sometimes  a manifest  cause, 
thrombosis  of  veins,  inflammations  of  contiguous  serous  membranes),  some- 
times none  (pericarditis  and  endocarditis,  pneumonia,  especially  in  cancer 
of  the  oesophagus  and  stomach,  dysentery,  especially  in  uterine  cancer, 
fatty  metamorphosis  of  the  heart,  Bright’s  disease) ; 

Upon  affections,  which  are  without  connection  with  the  cancer  (e.y.,  also 
pulmonary  tuberculosis);  as  well  as  in  ways  wholly  unknown. 
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The  mortality  from  malignant  tumors  in  Wurzburg,  from  1852  to  1855,  reached 
5.3  p.  c.  of  the  whole  mortality.  Of  100  cases  of  death  from  malignant  tumors  there 


were ; of  the  stomach 34.9  p.  c. 

uterus,  vagina,  etc 18.5  “ 

large  intestines  and  rectum 8.1  “ 

liver,  etc 7.5  “ 

face  and  lips 4.9  “ 

mammary  glands 4.3  “ 


Total 78.2  p.  c. 

A.  EPITHELIAL  CANCER,  EPITHELIOMA. 

(Cancroid  in  the  broader  sense.) 

Epithelial  cancer  varies  in  gross  and  microscopic  appearance,  according  as 
it  is  situated  in  the  skin  and  in  mucous  membranes  provided  with  pave- 
ment epithelium,  or  in  mucous  membranes  provided  with  one  or  many  layers 
of  cylindrical  epithelium,  or  in  larger  glandular  organs.  From  this  it  re- 
ceives the  mimes : pavement-cell  cancer,  or  cylindrical-cell  cancer,  or  glan- 
dular-cell cancer.  The  two  former  have  the  form  of  a flat  or  deep,  even 
tumorous  infiltration,  while  the  latter  exists  for  the  most  part  in  form  of 
knots. 

Epithelial  cancer  arises  always  from  forms  of  the  external  or  internal 
germiual  layer,  thus  only  from  the  epithelium  of  the  skin,  mucous  mem- 
brane, or  glands.  In  the  deej>est  epithelium,  furthest  removed  from  the 
surface  of  the  skin  or  mucous  membrane,  there  appears  an  increase 
of  the  latter,  and  a supplanting  in  similar  manner  of  the  nou-epitbelial 
tissues,  as  in  the  formation  of  the  normal  glands  and  of  adenoma.  The 
growing  epithelial  masses  (epithelial  rods,  epithelial  cylinders)  are  in 
size,  form,  etc.,  for  the  most  part  wholly  irregular,  atypical : they  are 
for  the  most  part  large,  of  round,  cylindrical  or  irregular  form,  and  are 
frequently  connected  together  in  the  form  of  a net-work  ; they  are  for 
the  most  part  without  lumen  ; the  individual  cells  show  no  function  (secre- 
tion). The  basement  membrane,  at  first  present,  later  disappears.  The  epi- 
thelial masses  grow  into  the  surrounding  parts  with  a larger  or  smaller  base, 
and  may  finally  be  so  far  constricted  as  to  become  separate.  The  connec- 
tive tissue  in  the  surrounding  textures  is  almost  always  permeated  by 
abundant  nuclei  and  small  indifferent  cells.  A part  of  them  is  metamor- 
phosed (as  about  foreign  bodies,  etc.)  into  connective  tissue,  and  thus  in  part 
forms  the  cancer-stroma,  others  never  reach  this  development,  but  finally 
decays  with  the  epithelial  cells.  The  largest  portion  of  the  stroma  consists 
of  pre-existing  connective  (or  osseous)  tissue,  of  atrophic  gland-substance, 
etc.  At  the  same  time  there  is  usually  found  in  the  tissue  surrounding 
the  epithelial  masses  a new-formation  of  blood-  and  probably  also  of  lymph- 
vessels. 

1 he  growth  of  epithelial  cancer  takes  place,  in  large  part,  in  the  same 
manner  as  its  first  origin  (peripheral  growth),  in  small  part  by  enlargement 
(nuclear  increase,  etc.)  and  increase  of  the  already  formed  epithelial  masses 
(central  growth). 

The  view , that  epithelial  cancer  and  connective-tissue  cancer  are  sharply  distinct, 
and  that  epithelial  cancer  proceeds  always  from  pre-existing  epithelial,  or  gland- 
cells,  has  among  its  older  advocates  FOhreb,  who  also  first  described  the  origin  of 
epithelial  cancer  of  the  skin  from  the  hair-follicles,  and  Hannover,  Fhekichs, 
Rem  ik,  in  part  also  Rokitansky.  But  Thiersch  especially  has  further  perfected 
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this  theory  and  established  it,  especially  with  respect  to  epithelial  cancer  of  the  skin 
It  has  been  accepted  by  IIorin,  Cornu,,  Wrss,  Naunys,  Billroth,  Waldeykii, 
the  author,  \V.  Miller  and  others.  The  supporters  of  the  other  view,  that  epithe- 
lial cancer  arises  commonly  in  the  same  manner  as  common  cancer  from  connective 
tissue,  are  Virchow,  Paget,  Forster,  O.  Weber,  W.  Fox,  Recklinghausen, 
Classen,  NEUMANN.  The  latter  ( Virch.  Arch.,  XXIV.,  p.  201)  describes  a cancer- 
ous development  in  the  perineurium  and  neurilemma;  Popper  ( Oestr . rued.  Jahrb., 
4.  n,  p.  87)  describes  the  same  in  transversely  striated  muscles.  A third  class 
assume  an  intermediate  position.  Thus,  besides  some  of  the  last  mentioned,  Rind- 
K LEI sci I,  who  regards  the  epithelial  outgrowths  in  the  periphery  of  cancer  as  arising 
not  from  division  or  other  increase  of  the  epithelium  at  the  diseased  point,  but  by 
apposition  from  the  sub  epithelial  connective-tissue  stratum.  Also  Keeps,  who 
assumes  two  kinds  of  epithelial  cancer:  simple  epithelioma,  which  proceeds  only 
from  epithelial  cells,  and  the  so-called  infectious  epithelioma,  which  arises  from  a 
metamorphosis  of  other  elements  into  epithelia  (Virch.  Arch .,  XXXVIII.,  p.  214). 
See  further  it.  Mater  (Lchrh.  d.  ally.  path.  Aunt.,  1871,  p.  417),  Lkontowitsch 
(Ml  Ctrlhl. , 1H<>9,  No.  12),  Volkmann  ( Virch.  Arch.,  1871,  L.,  p.  543). 

Thiersch  and  his  followers  adduce  the  following  reasons  for  the  epithelial  origin 
of  epithelial  cancer  : the  mode  of  development,  especially  the  development  of  epi- 
thelium of  the  skin  and  mucous  membranes  and  their  derivatives  (the  epithelium  of 
serous  membranes,  etc.,  and  that  of  the  urino-genital  system  have,  as  is  known, 
another  origin  : see  p.  395) — but  epithelial  cancer  occurs  primarily  in  only  the  first 
mentioned ; losses  of  substance,  which  are  constantly  suffered  by  epithelium,  are 
repaired  by  the  epithelium  itself,  not  by  the  connective-tissue  corpuscles  of  the 
vascular  stroma  (see  p.  403) ; also  with  respect  to  pathological  cases  has  the  epithe- 
lium-forming capacity  of  the  stroma  not  yet  been  shown  (see  p,  470)  ; the  connec- 
tion between  the  epithelium  of  epithelial  cancer  and  that  of  the  affected  skin  or  mu- 
cous membrane  can,  on  the  boundaries  of  the  former,  not  infrequently  be  directly 
demonstrated.  The  statement,  that  epithelial  cancer  appears  as  a primary  degen- 
eration removed  from  epithelial  forms  of  the  skin  and  mucous  membrane  (in  bones, 
lymph-glands,  etc.),  does  not  exclude  the  former  possibility,  c.g.,  its  origin  from 
the  sweat-glands.  Also  in  the  origin  of  dermoid  cysts,  of  cholesteatoma,  as  already 
stated  by  Remak,  as  well  as  of  epithelial  cancer,  it  may  happen,  that  epithelial 
germs  of  the  horny  layer,  as  well  as  of  intestinal  glandular  layer,  reach  by  a patholo- 
gical process  into  the  deep  structures,  in  which  they  lose  every  connection  with  the 
epithelial  matrix  by  constriction  ; here,  like  the  enamel-germ  destined  for  the  per- 
manent tooth,  they  may  remain  latent  for  years,  without  losing  their  capacity  for 
development.  (See  with  respect  to  like  peculiarities  of  the  middle  germinal  layer : 
enchondroma.  myxoma.)  Thiersch’s  view  on  epithelial  cancer  has,  in  the  more 
recent  results  of  epithelial  regeneration,  received  a further,  although  only  an  indi- 
rect support.  Many  cases  of  cancer,  which  cannot  be  explained  by  Thiersch’s 
theory',  are  endothelial  in  character. 

The  opponents  of  Thiersch’s  theory  hold  that  the  most  different  tissues  are  not 
alone  produced,  by  the  celLs  of  the  ovum,  but  that  this  capacity  is  enjoyed  by  all  or 
indeed  by  most  young  cells,  especially  granulation-cells  arising  from  connective 
tissue  and  the  colorless  blood-corpuscles.  (Consult  0.  Weber,  Virch.  Arch., 
XXXIX.,  p.  254.)  Or  they  seek  the  demonstration  of  an  epithelial  or  epitheliomal 
formation  in  parts  or  organs  which  contain  no  epithelium  derived  from  the  upper  or 
lower  germinal  layer:  thus  Virchow  {Arch.,  VIII.,  p.  414)  with  respect  to  choles- 
teatoma, Ehertii  {lb.,  XLIX.,  p.  51)  for  a similar  new-formation,  Arndt  (lb.,  LI., 
p.  495). 

According  to  Recklinghausen  ( Wi'trzb.  mcd.  7AHc.hr. , VII.,  p.  24)  and  Roster, 
the  well-known  processes  of  cancroid  are  cell-formed  casts  of  the  lymphatics.  This 
is  supported  by  the  extensive  distribution  of  the  lymphatic  vessels  and  glands,  as 
well  as  by  the  so  frequent  formation,  at  points  of  the  youngest  development,  of  com- 
plete net-works,  which  are  entirely  conformable  with  the  pre-existing  net-work  of 
lymphatic  vessels.  Waldeyer  found  similar  conditions  in  intestinal  cancers,  and 
not  in  other  cancel's. 


The  varieties  of  EPITHELIAL  cancer  are  : 

a.  Pavement-cell  cancer  (or  epithelial  cancer,  epithelioma  or  can- 
croid in  the  narrower  sense). 

Pavement-cell  cancer  forms  more  rarely  a more  or  loss  sharply 
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defined  knot,  but  commonly  assumes  the  form  of  a diffuse,  in  pai-ts  tumor- 
ous infiltration.  It  is  usually  of  little  extent,  shows  an  uniform  or 
knotted  thickening,  and  by  long  duration  there  is  often  formed  in  the 
centre  a crater-like  ulcer,  which  Secretes  a small  quantity  of  pus  and  white 
atheromatous-like  mass  which  then  easily  dries  on  the  external  parts.  Or 
the  cancer  forms  a more  varying  ulcer,  which  reaches  one  square  inch  in 
size,  and  is  grayish-white,  grayish-red,  rarely  dark-red,  for  the  most  part 
presenting  large  granulations,  and  is  often  covered  with  crusts,  and  with 
moderately  thickened  flat  or  knotty,  smooth  or  warty  borders.  The 
cut-surface  is  usually  white  or  grayish  white,  for  the  most  part  moist, 
more  rarely  dry  and  crumbling,  smooth  or  finally  granular,  rarely  homoge- 
neous or  fibrous,  or  fleshy  or  glandular;  it  is  rarely  distinctly  juicy. 
Except  in  the  very  rare  cases  of  encapsulation  (see  also  Cholesteatoma), 
the  periphery  shows  either  a gradual  transition  into  the  normal  tissues,  or 
it  contains  apparently  sharply  defined,  process-like  masses.  By  scraping  or 
squeezing  there  escape  from  the  chief  mass,  besides  a for  the  most  part 
scanty,  serous  or  rarely  creamy  liquid,  bodies  like  comedones,  which  are 
whitish  and  of  varying  size.  The  centre  contains  sometimes  one  or  more, 
for  the  most  part  sharply  defined  cavities  with  dry,  grayish  white,  athero- 
matous contents. 

The  pavement-cell  cancer  occurs  as  a primary  formation  most  often  on 
the  skin,  especially  on  those  portions  of  it  which  are  transitions  into 
mucous  membrane  (lower  lip,  around  the  external  opening  of  the  nares,  the 
eyelids,  the  ear,  the  anus,  the  external  male  and  female  genitals)  and  in 
mucous  membranes  with  laminated  pavement  epithelium  (especially  on  the 
tongue,  in  the  oesophagus,  on  the  affected  parts  of  the  larynx,  in  the 
vagina  and  vaginal  portion  of  the  uterus),  more  rarely  in  the  pharynx,  con- 
junctiva, and  bones.  From  the  first  mentioned  parts  the  cancer  progresses 
into  the  deeper  layers  of  the  skin  and  mucous  membranes,  on  the  latter 
through  the  submucous  tissue,  through  the  intermuscular  tissue  to  the  sur- 
face of  the  affected  membrane,  farther  on  into  the  neighboring  organs  (in 
the  oesophagus,  e.g.,  into  the  mediastinum,  into  the  trachea,  lungs,  etc.,  in 
the  vagina  to  the  urinary  bladder  and  rectum),  even  into  the  bones.  Epi- 
thelial cancer  is  found  as  a secondary  formation  after  some  duration  often 
in  the  appertaining  lymph-glands,  more  rarely  in  the  veins,  in  internal 
organs,  especially  the  lungs  and  liver. 


Epithelial  cancer  arises  either  PRIMARILY,  or  IN  other  HKW-rORMATIONS,  most 
often  in  cicatrices  and  warts,  probably  also  through  metamorphosis  of  adenoma  of 
the  sebaceous,  or  sweat-glands  of  the  skin,  of  the  mucous  glands  of  the  affected 
mucous  membranes.  Czerny  ( JrcA.  /.  Min..  Chir..  1869,  X..  p.  894)  describes  an  epi- 
thelial carcinoma,  which  was  developed  from  a congenita]  sacral  tumor.  This  cancer 
is  of  remarkably  frequent  occurrence,  especially  that  of  the  skin,  in  men  from  40  to 
oO  years  old  and  more,  and  in  those  of  low  condition.  It  has  not  yet  been  observed 
before  the  30th  year. 

Cure  not  infrequently  results  in  external  cancer,  after  oxtirpation  which  has  been 
performed  at  the  right  time  and  entirely. 


Histologically,  the  pavement-cell  cancer  differs.  Either  the  peripheral 
cancer  cells  are  small,  cylindrical,  sometimes  lightly  pigmented,  perpendicu- 
lar to  the  stroma,  distinctly  nuclear ; the  succeeding  cells  are  large  or  very 
large,  cubical  or  fiat,  quadratic,  rhombic,  rectangular,  club-shaped,  etc., 
usually  with  spines,  with  for  the  most  part  distinct,  of  medium  size  or 
large,  usually  a single,  more  rarely  multifile  nucleus  ami  distinct  nucleolus, 
rarely  without  nucleus ; the  most  internal  cells  are  often  concentrically 
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laminated  about  a clear,  homogeneous  or  nucleated  centre,  flattened  in 
the  highest  degree,  fibre-like,  without  nucleus  : so-called  nests,  homy 
bodies,  pearl -globules,  globes  e/ndermiques.  Or,  the  cells  are  flat,  of  vary- 
ing form,  for  the  most  part  rhombic  or  elongated,  for  the  most  part  with 
a large  distinct  nucleus,  llarely  the  cell-masses  are  surrounded  by  a homo- 
geneous membrane.  The  alveoli  of  both  forms  are  of  very  varying  size, 
sometimes  macroscopical ; their  form  is  sometimes  regularly  round  or  oval, 
sometimes  irregularly  pouched,  glandular,  forked  or  arborescent.  The  vas- 
cular stroma  is  for  the  most  part  scanty,  and  occupied  here  and  there  by 
abundant  free  nuclei  and  small  round  cells.  Sometimes  these  are  to  be  dis- 
tinguished with  difficulty  from  those  of  the  alveoli.  In  some  cases,  which 
have  an  appearance  similar  to  chronic  common  or  lupous  ulcers  of  the  skin, 
the  stroma  is  very  vascular  and  cellular  like  granulation-tissue,  and  the 
epithelial  masses,  on  the  other  hand,  appear  very  far  in  the  background. 

Thiersch  distinguishes  a superficial  and  a deeply  attached  epithelial  cancer 
of  the  skin.  The  former  shows  an  epithelial  new-formation,  superficial  in  extent, 
of  few  mm.  in  thickness,  which  on  perpendicular  section  is  sharply  separated  from 
the  stroma;  the  latter,  on  the  other  hand,  extends  without  such  sharp  limitation  to  a 
considerable  depth  in  form  of  irregular  masses.  The  superficial  epithelial  cancer  is 
found  for  the  most  part  only  as  a superficial  ulcer  with  superficial  or  slightly  thickened 
borders,  and  presenting  no  anomalies  of  the  immediately  surrounding  textures ; the 
deep  cancer  as  a rule  forms  ulcers  of  very  irregular  form,  and  there  are  always  found 
hard  conglobate  knots  of  the  size  of  a pea  to  that  of  a walnut,  partly  in  the  surround- 
ing, partly  in  the  underlying  structures.  Both  advance  destructively  from  the  surface 
into  the  subjacent  textures,  whilst  at  the  same  time  their  circumference  becomes 
larger  : the  superficial  more  slowly  than  the  deep  cancer.  Both,  especially  the  deep, 
may  or  may  not  l>e  connected  with  papillary,  vascular  growth  of  the  stroma  (warts  or 
villi).  According  to  YValdeyku,  the  superficial  epithelial  cancer  as  well  as  the  ulcus 
rode  ns  of  the  skin,  proceed  especially  from  the  deeper  layers  of  the  stratum  Malpighi, 
extend  however  only  a little  in  depth,  before  they  become  ulcerous.  The  deep  cuta- 
neous cancer,  on  the  other  hand,  the  variously  large  knots  of  which  are  apparently 
developed  primarily  deep  in  the  cutis  or  in  the  subcutaneous  tissue,  always  proceeds 
from  the  sebaceous  glands,  and  later  also  from  the  interpapillary  layer  of  the  rete 
Malpighi,  rarely  also  from  the  sweat-glands  and  from  the  sheaths  of  the  roots  of  the 
hair.  (See  Glandular  cancer.) 

The  cells  of  pavement  epithelial  cancer  of  the  skin  and  mucous  membranes  are 
not  smooth,  but  show  distinct,  radiating  lines,  which,  according  to  M.  SCHULTZK 
and  others,  are  delicate  spines,  by  which  the  cells  adhere  to  one  another,  but  which, 
according  to  ScmtfiN,  are  tubular  pores, — as  occurs  similarly  on  the  cells  of  the 
rete  Malpighi,  etc.  (M.  Schultze,  Vircfi.  Arch.,  XXX.,  p.  200. — ScintoN,  MoUschott's 
Unters .,  IX.). 

Biesiadecki  ( Wien  ncad.  Her.,  IT.,  LVI.)  uniformly  found  wandering  cells 
between  the  epithelial  cells  of  the  normal  skin.  Waldeyek  observed  these  in  almost 
all  preparations  of  carcinoma  of  the  most  diverse  organs.  They  never  appear  to  pass 
into  epithelial,  or  cancer- cells. 

Bizzozkro  ( Oestr . med.  Jnhrb.,  1873,  p.  121)  found  in  a case  of  pavement  epithe- 
lial cancer  of  the  cheeks,  between  the  epithelial  processes  and  stroma,  vessel-like 
spaces  lined  with  endothelium,  which  spaces  could  be  injected  from  the  bloodvessels, 
and  which  in  the  large  alveoli  formed  a net- work. 

The  small  round  cells  in  the  stroma  of  cancer  arise,  according  to  most,  through 
division  of  connective-tissue  corpuscles,  according  to  others  (Billroth),  they  are 
migrated  white  blood-corpuscles.  As  carcinoma  granulosum  superficiale,  Waldkykr 
designates  those  superficial  cutaneous  cancers,  the  abundant  stroma  of  which, 
through  very  dense  small-cell  infiltration,  is  similar  to  granulation-tumor,  especially 
lupus:  while  the  epithelial  growth  retrogrades. 


Varieties  of  pavement-cell  cancer. 

The  papillary  or  warty  pavement-cell  cancer  is  characterized  by  the 
nature  of  its  surface,  which  is  similar  to  that  of  warts  or  pointed  condy- 
lomata;  in  ulcerating  cancers  to  that  ot  the  base  of  the  ulcer.  It  is  pale 
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or  red,  in  proportion  to  the  number  and  size  of  the  vessels.  It  occurs  most 
often  on  the  glans  penis  and  prepuce,  on  the  clitoris,  on  the  vaginal  por- 
tion of  the  uterus,  in  less  degrees  of  papillary  formation  not  infrequently 
also  on  the  lower  lip.  Histologically,  it  shows  numerous,  simple  or 
branched  connective-tissue  tufts,  which  proceed  from  the  common  stroma, 
and  which  are  surrounded  by  abundant  or  scanty  Hat  cells.  If  ulceration 
has  appeared,  there  will  not  infrequently  be  seen  on  the  base  and  in  the  bor- 
ders of  the  ulcer  papilla)  with  numerous  broad  vessels,  and  sometimes  strong 
small-cell  infiltration,  which  reaches  as  far  as  the  epithelium. 

Sometimes  the  same  villous  formation  is  found  also  in  the  interior  of  the 
alveoli.  Then  there  appears  the  destroying  papillary  tumor,  formerly 
so-called. 


Between  papillary  epithelioma  and  papillary  fibroma  (see  p.  394)  there  are  prob- 
ably transitions. 


/?.  Cicatricial  pavement-cell  cancer 
occurs,  for  the  most  part  in  the  skin  of  the  face  of  old  people,  as  a superfi- 
cial, slowly  growing  cancer,  in  which  there  appears  a gradual  retrogression 
and  resorption  of  the  largest  portion  of  the  cells  and  a cicatricial  contraction 
of  the  stroma.  Thus  there  arise  iu  the  periphery  superficial,  infiltrated  cica- 
trices without  previous  ulceration. 

y.  MUCOUS  CANCROID,  GELATINOUS  EPITHELIAL  CANCER,  CYLINDROMA  (.SftC- 
culated  sarcoma,  etc.),  occurs,  either  in  combination  with  common  or  papil- 
lary pavement-cell  cancer,  or  apj»ears  from  the  beginning  as  a peculiar 
variety  of  the  former.  It  is  especially  characterized  by  the  formation  of 
numerous  cylindrical,  dub-shaped  or  arborescent  masses,  w hich  consist  of 
mucous  substance  or  mucous  tissue,  and  which,  if  present  in  large  masses, 
give  the  tumor  a mucous  or  gelatinous  appearance.  Mucous  cancroid  is 
found  chiefly  in  the  boues  of  the  face,  especially  the  superior  maxilla,  and 
in  the  skin  of  the  face,  rarely  in  serous  membranes. 

The  hyaloid  formations  of  mucous  cancroid  or  cylindroma  have  been 
differently  interpreted  by  different  observers.  Many  regard  them  as  cells 
ot  the  nature  of  connective  tissue  or  cartilage,  which  suffer  mucous  degen- 
eration, greatly  enlarge,  receive  processes,  etc. ; others  regards  them  as  the 
strongly  swollen  adventitia  of  the  bloodvessels,  which  had  suffered  mucous 
degeneration;  yet  others  regard  them  as  increased  and  changed  endothe- 
lium of  the  lymphatic  vessels.  The  mucous  substance  may  later  be  meta- 
morphosed into  fibrous  tissue  ; growths  may  arise  from  the  cells ; the  ves- 
sels may  by  obliteration  be  transformed  into  solid  cylinders ; etc. 


M*wt  probably  many  cases  of  cylindroma  do  not  belong  to  cancer,  but  to  other 
new  -formations,  the  cells  of  which,  by  a peculiar  distribution,  become  mucous,  or  their 
stroma  m like  manner  degenerates  into  mucous  tissue.  (See  p.  4X1.) 

llKNi.K,  Zttelir.f.  rat.  III.,  p.  181.— Busch,  Chirurg.  limb.,  1854.  p.  296. 
—Billroth.  UnUr*.  Ob.  d.  Kntw.  d.  Blutfftf&xie,  1856;  Yirch.  Arch..  XVII.,  p. 
vVrv  v r llnlk-  IIL-  P-  47.—  Rohin,  in  Lebert’s  Tr.  d'anat.  path..  Atl.,  T. 

v —Meckel,  Char. -Ann..  VII.,  pp.  89  et  103. — Volkmaxn,  Virch. 
Arch.,  ill  p.  293 — Mai  hr,  Ih..  XIV.,  p.  270;  Arch.  d.  II, ilk..  VII..  p.  145.— O. 
V\  kiikr,  ( /nr.  hrf..  p.  871 .— Friedreich,  Virch.  Arch..  XXVII..  p.  375  —Keck- 
l-'vvV  /•  Ophthalmol..  X.,  p.  190. — BoTTCHER,  Virch.  Arch., 

X\X\  III.,  p.  400. — Kostrr.  lb.,  XL.,  p.  408. — Forster,  lldh.  d.  path.  Anal..  2, 
Anjt.,  I p.  44 1 . — P a genst  1: ch k r , Virch.  Arch.,  X LV.,  p.  490.— Bircu-Hirsch- 
eeld,  Arch.  d.  Jlciik. , 1871,  XII.,  p.  167. 

Carcinoma  adknoides  is  a term  applied  by  Wald  ever  to  that  form  of 
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cancer,  the  alveoli  of  which  are  distinguished  by  a glandular  sac-like  form, 
while  the  stroma  is  only  lightly  infiltrated  with  small  cells, — also  with  the 
cancer  proceeding  from  glands. 

Metamorphoses  of  pavement-epithelium  cancer. 

Oornifi cation  of  the  central  or  of  all  the  cells  of  the  alveoli : the  former 
occurs  so  often,  that  the  resulting  forms  were  formerly  regarded  as  charac- 
teristic of  epithelial  cancer;  the  latter  forms  the  condition  of  cholesteatoma 
( vide  infra). 

Oy  complete  simple  atrophy,  as  it  were  drying  of  the  cells  of  pavement- cell  cancer, 
especially  of  those  limited  by  a capsule,  there  arises  the  so-called  horny  shell-epithe- 
lial cancer  (Forster),  carcinoma  keratoides  s.  corneuin  (Waldeyer).  These  can- 
cers are  harder  and  dry  ; the  cut  surface  shows  white,  dry,  brittle,  homogeneous  or 
partly  laminated  masses  of  varying  size  and  form. 

Dry  cancroid  (Forster,  Wiirzb.  Verh.,  X.,  p.  162)  consists  in  this,  that  the  cells, 
shortly  after  their  formation,  become  dry  and  partly  contain  air  ; hence  the  tumor 
is  distinguished  by  its  unusual  dryness  and  lightness.  The  air-containing  cells  lie  in 
the  middle  portion  of  the  alveolus  ; the  peripheral  cells  contain  no  air. 

Fatty  metamorphosis  of  the  cells  is  always  present  in  lighter  degrees  in 
old  cancers ; its  higher  degrees  lead  to  softening  of  the  cancer,  which  is  fol- 
lowed in  its  superficial  parts  by  ulceration,  in  the  deeper  and  central  por- 
tions by  atheromatous  softening  and  cavities,  even  cysts.  ( Vide  infra.) 

Mucous  softening  occurs  rarely  aud  for  the  most  part  only  in  its  lighter 
grades. 

Cancroids  with  total  calcification  and  ossification,  so  that  they  resem- 
ble stony  circumscribed  concretions,  have  been  described  by  Forster  ( Wiirzh. 
Verh..  X.,  p.  162)  and  SOKOLOWSKY  (Z.  f.  rat.  Med.,  1864,  XXIII.,  p.  2d).  In  one 
case  the  cells  and  stroma  were  calcified,  and  no  vessels  were  demonstrable  ; in 
another,  the  latter  were  still  present  and  permeable. 

b.  Cylinder-cell  cancer  (cylinder-epithelial  cancroid). 

The  cylinder-cell  cancer  has  commonly  the  form  of  a more  or  less  sharply 
defined,  but  never  encapsuled  infiltration,  which  at  first  occupies  oidy  the 
mucous  membrane  and  submucous  tissue,  later  also  the  muscular,  serous 
and  surrounding  tissues  of  the  affected  hollow  organ.  The  infiltration  is  of 
varying  extent  and  thickness,  in  hollow  organs  (stomach,  intestine,  uterus) 
often  affecting  the  whole  periphery  (so-called  annular  cancers).  At  a later 
period  the  middle  portion  often  becomes  ulcerous,  especially  in  the  stomach 
and  intestines.  On  section  the  peripheral  parts,  as  well  as  the  centre,  so  far 
as  it  is  not  ulcerated,  show,  in  place  of  the  various  tissue-layers  (in  the  mus- 
cular tissue  at  first  only  the  intermuscular  connective  tissue,  but  later 
the  muscle  proper),  a white,  gray,  or  reddish,  rarely  hard,  usually  in 
various  degrees  soft,  for  the  most  part  perfectly  homogeneous,  rarely  at 
points,  fibrous  substance.  By  scraping,  the  cut  surfaces,  sometimes 
throughout  and  uniformly,  sometimes  only  from  numberless  very  small 
openings,  commonly  gives  off  an  abundant,  weakly  mucous  or  distinctly 
creamy  liquid,  of  the  same  color  as  the  cut  surface.  In  many  cases  the 
cut  surface  shows  a very  delicate  or  grosser  net-work,  in  the  very  small 
(or  of  the  size  of  a millet  seed  and  larger)  spaces  of  which  there  is  contain- 
ed a distinctly  creamy  or  slightly  cheesy  juice,  which  in  the  former  case 
uniformly  covers  the  cut  surface,  in  the  latter  it  is  evacuated  in  the  form 
of  maggots  ; after  evacuation  of  the  juice  the  spaces  appear  as  smooth  pits 
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( cancer  arednire  puliace ),  or  they  contain  a macroscopical,  very  delicate,  or 
microscopical  cellular  framework. 

Cylinder-cell  cancer  occurs  primarily  only  on  mucous  membranes  with 
a uni-  or  multi-laminated  cylindrical  epithelium,  especially  on  narrow  por- 
tions of  these,  or  in  places  where  one  section  of  mucous  membrane  passes 
into  another,  most  often  on  the  vaginal  portion  of  the  uterus,  where  it  for 
the  most  part  occupies  almost  equal  portions  ot  the  uteius  and  vagina,  in 
the  pylorus  of  the  stomach,  where  it  rarely  and  usually  only  at  points 
passes  over  on  to  the  duodenum,  in  the  large  intestine;  more  rarely 
is  it  in  the  cardiac  and  other  portions  of  the  stomach,  in  the  ca'cum,  in 
the  flexures  of  the  colon,  in  the  air-passages,  urinary  bladder,  etc.  Also 
there  belong  here  many  cases  of  cancer  of  the  mammas  and  liver,  in  which 
the  cancer  proceeds  from  the  milk-,  or  bile-ducts.  Cylinder-cell  cancer  oc- 
curs, transplanted,  in  the  appertaining  submucous  tissue,  when  it  reaches 
its  greatest  extent,  in  the  (normal  or  hypertrophic)  muscular  and  serous 
tunics,  not  infrequently  in  all  the  adjacent  organs  (in  uterine  cancer  the 
urinary  bladder,  rectum,  etc.,  in  pyloric  cancer  the  peritoneum,  the  boun- 
dary connective  tissue  of  the  hi lus  of  the  liver,  the  liver  itself).  Sec- 
ondarily, it  is  often  found  in  the  connected  lymph-glands;  it  it  occurs 
within  the  radicles  of  the  vena  ]»oita\  ©socially  often  in  the  liver;  in 
both  cases  also  not  infrequently  in  the  lungs,  in  some  serous  membranes  ; 
rarely  in  other  organs. 

Cylinder-cell  cancer  occurs  also  sometimes  in  previously  normal,  sometimes  in 
OTHKRWISB  diseased  mucous  membranes : in  the  stomach  I have  often  seen  caws, 
where  it  had  developed  in  the  vicinity  of  old  cicatrices  of  ulcers.  (Consult  also  W. 
Mi  ller  and  Waldkyer.)  In  the  uterus  it  is  not  infrequently  found  in  existing 
so-called  chronic  infarction  of  it.  A transition  of  adenoma  of  mucous  membranes 
into  cancer  is  likewise  probable. 

Microscopically,  cylinder-cell  cancer  shows  cells  of  more  or  less  distinct 
cylindrical  form.  Their  arrangement  corresponds  to  the  normal  arrange- 
ment of  cylindrical  epithelium.  The  cells  are  rarely  wholly  like  those 
of  the  a fleeted  mucous  membrane ; for  the  most  part  they,  as  well  as  their 
nuclei,  are  larger  and  less  regularly  cylindrical,  even  spindle-shaped,  cau- 
date, etc.  Or  only  the  cancer  cells  which  lie  in  the  periphery  of  the  alveoli 
are  distinctly  cylindrical;  those  lying  further  inward  have  an  irregular, 
often  quadratic,  caudate,  even  stellate,  etc.,  form ; those  in  the  centre  are 
for  the  most  part  rounded.  The  cancer  cells  are  arranged  almost  at  right 
angles  to  the  stroma  (the  membrana  propria  is  for  the  most  part  wanting), 
rarely  at  an  acute  angle,  sometimes  indeed  almost  parallel  with  it : in  the 
latter  case  cancer-tissue  may  bear  a similarity  to  the  tissue  of  sarcoma. 
The  stroma  is  for  the  most  part  less  thick,  and  usually  very  vascular. 
The  alveoli  are  of  medium  size  or  large,  oval,  cylindrical,  irregularly  dis- 
tended, glaud-like,  etc.  Their  form  is,  besides  in  brushed  sections,  even 
with  the  cells,  easily  to  be  recognized,  whilst  the  latter  often  are  so  adherent 
that  they  may  be  removed  from  out  of  the  alveoli  en  vautse. 


Here  belongs  also  that  form,  occurring  especially  in  the  mamma  anil  lymph-glands, 
where  in  the  examination  of  the  fresh  preparation  theVe  occur  no  common  cells,  hot 
large  masses,  similar  to  mother-cells  with  daughter-nuclei,  representing  perfect  casts 
of  the  alveoli,  hence  cylindrical,  club-shaped,  etc.,  which  masses  are  sharply  defined, 
and  consist  of  a homogeneous,  finely  granular  baBiH  substance,  and  for  the  most  part 
large,  round  or  oval  nuclei,  with  large  nucleoli,  which  lie  qnifce  near  one  another  and 
quite  regularly  arranged : so-called  hollow  clubs,  germ  cylinders,  ti**u  heteroadi- 
nique.  After  a longer  time,  or  subjection  to  the  action  of  a solution  of  chromic  acid, 
chromate  of  potash,  etc.,  the  individual  cells  for  the  most  part  appear. 
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1 ho  termination  of  cylinder-cell  cancer  of  the  mucous  membranes  is 
determined  by  the  cylinder-cells  of  the  mucous  membranes  themselves,  but 
especially  by  the  epithelium  of  the  affected  glands  of  the  mucous  membranes: 
in  the  stomach  the  peptic  and  mucous  glands,  in  the  intestines  the  glands 
of  Lieberkuhn,  in  the  uterus  the  sacculated  glands.  A group  of  them 
pushes  into  the  deep  portions  of  the  mucosa  a number  of  shoots,  which  in 
the  submucous  tissue  grow  with  especial  vigor  and  form  infiltrates  or  knots, 
which  may  only  at  a small  point  be  connected  with  the  glands,  from  which 
they  proceeded.  Accordingly,  most  cases  of  cylinder-cell  cancer  should  be 
included  among  the  glandular-cell  cancers.  But  a sharp  limit  between  the 
■epithelium  of  the  mucous  membrane  and  that  of  the  upper  portion  of  the 
glands  is  already  physiologically  in  most  places  not  to  be  drawn. 

Varieties  of  cylinder-cell  cancer. 

Villous  cancer,  carcinoma  villosum,  is  a combination  of  a for  the  most 
part  soft  villous  tumor  with  cylinder-cell  cancer.  It  occurs  in  its  pure 
form  only  on  mucous  membranes  (urinary  bladder;  uterus  and  vagina: 
so-called  cauliflower  growth  of  the  vaginal  portion  of  the  uterus;  stomach, 
etc.),  rarely  in  parenchymata.  In  the  former  localities  it  forms  masses  of 
a size  which  varies  to  that  of  the  fist  and  larger,  which  are  more  or  less 
sharply  circumscribed,  grayish  or  dark  red,  rarely  pale,  which  masses  are 
soft  and  rich  in  juice  and  furnish  an  uniform  or  (especially  by  examination 
under  water)  distinctly  villous  structure.  Soft  large  villous  cancels  of  this 
kind  are  for  the  most  part  sharply  circumscribed,  and  are  seated  on  the 
mother-tissue  by  a broad  or  small  pedicle,  which  in  the  latter  case  is  short 
or  long;  more  rarely  they  are  diffuse,  high  in  the  middle,  gradually  disap- 
pearing toward  the  periphery.  The  base  of  villous  cancer  shows  a distinct 
infiltration  with  cylinder-cell  cancer.  On  villous  cancer  in  parenchymata, 
vide  inf  ra. 

Microscopical  investigation  of  villous  cancers  offers  in  general  the  characters  of 
soft  villous  tumors  (see  p.  394).  Their  stroma  consists  of  simple  or  branched,  delicate 
or  thicker  connective-tissue  masses,  which  in  the  centre  contain  for  the  most  part 
numerous  and  wide  vessels,  and  at  their  base  pass  immediately  into  cancer-stroma. 
The  villi  are  surrounded  by  a single  or  multiple  layer  of  cylindrical  cells.  Either  the 
cells  surround  only  the  single  villi,  or  around  all  the  villi  there  is  found  besides  a 
common  manifold  deposit  of  cells : in  the  former  case  the  tumor  has  a distinctly 
villous  character ; in  the  other,  the  latter  appears  only  after  artificial  separation  of 
the  common  cell -covering. 

The  slightest,  only  microscopically  visible  degrees  of  villous  cancer  not  infrequently 
occur  on  mucous  membranes  of  every  kind,  also  without  papillae,  above  the  cancerous 
infiltration  of  the  mucous  membrane  or  in  the  textures  surrounding  it. 

The  remaining  varieties  of  cylinder-cell  cancer  are  the  same  as  those  of 
pavement-cell  cancer. 

The  metamorphoses  of  cylinder-cell  cancer 
are  chiefly  fatty  and  mucous  metamorphosis : the  fonner  in  its  higher 
grades  leads  to  softening  with  formation  of  cavities  or  with  ulceration,  the 
latter  to  so-called  colloid  cancer.  ( Vide  infra.) 

c.  Glandular  cell  cancer,  glandular  carcinoma. 

The  glandular  cell  cancer,  hitherto  sometimes  ranked  with  soft  connective 
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cancer,  sometimes  witli  cylinder-cell  cancer,  is  not  yet  so  well  known  that  a 
general  description  of  it  can  be  given.  It  exists  always  in  t lie  form  of  one 
or  more,  even  very  numerous  apparently  sharply-defined  knots  of  varied 
size,  which  in  all  essential,  gross  anatomical  and  histological  relations  re- 
semble infii.thation  of  cylinder-cell  cancer.  Not  infrequently  the 
cancer-cells  are  small  and  less  distinctly  epithelial.  If  the  quantity  of  cells 
is  very  great  and  that  of  the  stroma  scanty,  the  separation  of  this  form  from 
soft  connective-tissue  cancer  will  be  possible  only  by  careful  examination. 
If  the  stroma  is  very  abundant  and  the  alveoli  few  and  small,  there  will 
arise  the  hard  glandular  carcinoma,  the  so-called  seirrhus.  Sometimes  the 
stroma,  like  sarcoma,  is  composed  of  spindle  cells.  Lhis  has  most  often 
been  observed  in  the  kidneys  and  testicles,  giving  rise  to  very  large  tumors. 
In  many  cases  the  stroma  is  very  vascular:  teleangiectatic  form. 

The  glandular  cell  cancer  is  the  most  frequent  primary  form  of  cancer 
of  the  large  true  glandular  organs,  especially  the  inamm®,  also  the  liver, 
salivary  glands,  prostate,  kidneys,  ovaries  and  testicles,  in  part  also  the  skin 
(sebaceous  and  sweat-glands)  and  mucous  membranes  (gastric,  intestinal, 
mucous  glands).  It  is  found  transferred  and  se  condary  in  like  manner 
as  cylinder-cell  cancer,  the  latter  most  often  in  lymph-glands,  lungs,  and 
liver. 

Langiians  ( Virch.  Arch.,  1871,  LIII..  p 170)  describes  a primary  cancer  of  the 
trachea  and  bronchi ; Knoll  (76.,  1872.  LIV.,  p.  378)  one  of  the  larynx,  which  proba- 
bly proceeded  from  the  mucous  glands. 

Glandular  cell  cancer  takes  its  starting-point  in  the  racemose  glands  of 
the  smallest  gland-ducts  and  terminal  vesicles  of  the  glands, — from  those  in 
the  sacculated  glands  of  the  mucous  membranes,  the  kidneys,  testicles,  etc., 
from  the  closed  follicles  in  the  ovaries  and  thyroid  gland.  In  many  cases 
it  passes  into  cylinder-cell  cancer.  In  other  cases  it  arises  in  the  same 
manner  as  adenoma  (see  p.  472):  but  while  in  this  the  new- formed  cells 
resemble  in  size,  arrangement,  etc,,  those  of  the  affected  norma!  glands, 
here  the  new-formed  cells  grow  in  greater  number,  with  less  regularity, 
etc.,  into  the  bordering  tissues. 

Doubtless,  between  adenoma  and  glandular  cell  cancer,  there  are  found 
the  most  manifold  transitions  (adenoma  careinomatodes),  most  often  in 
the  mamma  and  ovary.  These  affect  the  tumor  as  a whole,  as  well  as  the 
individual  parts  of  it ; the  first  beginnings  of  adenoma,  as  well  as  after  a 
longer  existence;  pure  adenoma,  as  well  as  its  metamorphoses  (kystoma, 
etc.). 


Oriesingbr  and  Rixdfleisch  (Arch.  d.  JleUk .,  V..  pp.  385  et  395)  describe  as 
adenoid  of  the  liver  a new-formation,  which  had  the  form  of  sharply  circum- 
scribed, of  varying  size,  and  variously  colored,  soft  knots  of  liver-tissue,  and  which 
occurred  in  very  large  number,  and  was  followed  by  destruction  of  the  largest  por- 
tion of  the  liver  with  icterus,  oedema,  marasmus,  and  death.  This  must  now  be 
included  here. 

\\  ith  respect  to  the  liver,  it  is  more  often  doubtful  whether  the  so-called  epithelial 
cancer  arises  from  the  epithelium  of  the  bile-ducts  or  from  the  liver-cells  (Nai'NYN, 
1.  c.,  p.  717).  In  the  mamma,  Waldeyer  distinguishes  the  primary  cancer  of  the 
terminal  gland-vesicles  (so-called  ]>arenchymatous  cancer),  and  the  cancer  which  pro- 
ceeds from  the  larger  milk- ducts  (so-called  galactophores). 

Naony'N  (Arch.  f.  Anal,  Phy».  «.  vU».  Med..  1800.  p.  710)  describes  a cystosar- 
coma  of  the  liver,  analogous  to  that  of  the  mamma  (Reinhardt,  Meckel,  and 
others),  which  proceeds  from  the  bile-ducts  through  dilatation  of  them  in  consequence 
of  an  increase  of  their  epithelium  and  through  increase  of  the  connective  tissue  sur- 
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rounding  them,  and  further  on  with  participation  of  the  proper  liver-cell  spaces.  The 
tumors  were  numerous,  and  reached  the  size  of  a millet  seed. 

On  cancer  of  the  testicle,  consult  Hiiibcufeld,  Arch.  d.  lleUk. , IX.,  p.  537. 

According  to  UiNDFLErscu  ( Lehrb .,  1873.  p.  143),  hard  glandular  carcinoma  de- 
pends upon  an  interstitial  inflammation  of  slow  progress,  the  cellular  products  of 
which  are  metamorphosed  into  epithelial  forms  instead  of  into  pus  or  connective 
tissue — in  consequence  of  an  “ epithelial  infection”  (Kerbs)  : i. e. , some  young  epi- 
thelial cells  penetrate  into  the  intervening  spaces  of  the  neighboring  connective  tissue 
and  infect  the  indifferent  cells  found  here. 

Waldbyer  proposes  to  call  the  cancer  found  in  glandular  organs  tubular  or  alveo- 
lar cancer,  according  as  it  proceeds  from  the  excretory  ducts  or  from  the  alveoli. 

The  METAMORPHOSES  of  glandular-cell  canceh  are  the  same  as  those  of 
cylinder-cell  cancer. 

Metamorphoses  common  to  the  three  forms  of  epithelial  cancer. 

Most  epithelial  cancers  show,  after  a longer  or  shorter  existence,  a series 
of  metamorphoses,  which  are  sometimes  unessential  and  are  recognizable 
only  microscopically,  sometimes  completely  change  the  appearance  of  the 
cancer  here  and  there  or  throughout.  Many  of  these  metamorphoses  are 
also  of  great  clinical  interest. 

The  changes  affect  either  the  cancer-cells,  or  the  stroma,  in  higher  de- 
grees for  the  most  part  both  at  the  same  time. 

Fatty  metamorphosis  and  simple  atrophy  are  the  most  frequent  changes 
of  cancer-cells.  They  occur  for  the  most  part  together.  Macroscopically, 
the  change  varies  according  to  the  degree  and  the  preponderance  of  one  or 
the  other.  The  lower  degrees,  occurring  in  almost  every  cancer,  are  not 
recognizable  by  the  naked  eye.  The  higher  degrees  are  likewise  not  infre 
quent ; they  are  usually  most  marked  at  the  centre  of  the  cancer;  rarely 
they  affect  almost  the  whole  mass.  Through  both  metamorphoses  sections 
of  the  cancer  receives  a grayish-yellow  or  yellowish  color,  which  is  rarely 
uniform,  for  the  most  part  presenting  a regular  or  irregular,  fine  or  large 
net- work,  or  is  punctated  : so-called  carcinoma  reticULATUM.  The  portions 
affected  are  also  dry,  juiceless,  smooth  (like  yellow  tubercle:  so-called 
tuberculization  of  cancer),  and  bloodless.  The  centre  of  those  knots  is 
remarkably  hard,  if  there  lias  been  an  abundant  resorption  of  the  degener- 
ated cells.  At  other  times,  if  the  stroma  is  scanty,  etc.,  the  centre  softens 
or  even  forms  a cavity  (cavernous  cancer).  If  fatty  metamorphosis  pre- 
ponderates strongly  over  simple  atrophy  of  the  cancer-cells,  the  cancer 
thereby  becomes  softer,  greasy,  like  butter  or  pus. 

Not  all  yellow  dry  parts  of  the  cancer  section  depend  upon  the  changes  mentioned. 
They  are  not  infrequently  only  changed  portions  of  the  normal  tissue : e.g.,  in  the 
gland-ducts  of  the  mamma  filled  with  colostrum,  in  the  lungs  and  bronchi  with 
thickened  secretion,  or  iu  thrombosed  vessels. 

The  causes  of  the  above  metamorphoses  are  most  often  atrophy  of  the  cancerous 
vessels,  sometimes  numerous  small  haemorrhages.  According  to  Wedl  ( Wien,  fiitz- 
ungaber.,  1859,  XXXVII.,  p.  205),  the  so-called  carcinoma  reticulatum  is  dependent 
upon  the  bloodvessels  which  have  suffered  cancerous  metamorphosis  and  are  infiltrated 
with  fat. 

Both  metamorphoses  are  followed  by  destruction  of  the  cancer-cells  and 
their  resorption,  and  in  their  higher  degrees  they  are  the  conditions  of  the 
umbilicated  state  or  atrophy  of  the  cancer. 

The  umbilical  formation  of  cancer-knots  consists  in  the  formation  of  one 
or  a few  deep  peripheral  pits,  which  occurs  especially  in  cancers  of  the 
mamma  and  liver,  more  rarely  in  those  of  the  lungs,  stomach  and  intes- 
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tines.  In  the  mamma  there  sometimes  arises  at  the  same  time  a cicatri- 
cial retraction  of  the  larger  milk-ducts,  and  hence  traction  upon  the 
nipples,  and  a sinking  in  of  the  latter.  The  skin  is  firmly  attached  to 
these  cancers,  otherwise  normal  ; the  serosa  is  rarely  normal,  for  the  most 
part  thickened,  rich  or  poor  in  vessels.  On  their  cut  surface  the  umbili- 
cated  knots  always  show  a higher  degree  of  fatty  metamorphosis  and  simple 
atrophy  of  the  cancer-cells  ; in  the  centre  also  there  is  often  an  abundant 
fibrous  substance,  t.e.  cancer  tissue,  the  cells  of  which,  after  the  above 
metamorphoses,  are  for  the  most  part  or  wholly  resorbed,  while  the  stroma 
remains. 

The  so-called  atrophic  carcinoma,  according  to  many,  the  so-called 
seiimm  s,  arises  if  the  cancer  is  not  too  rich  in  cells  and  the  alveoli  small,  if 
fatty  metamorphosis  and  simple  atrophy  gradually  affect  all  the  cancer- 
knots,  and  if  there  follows  a resorption  of  the  fatty  and  simple  detritus. 
The  affected,  organ  is  then  not  enlarged,  but  has  generally,  or  at  the  point 
affected  a smaller  volume,  is  here  often  depressed,  firmly  attached  to  the 
subjacent  skin,  and  feels  like  a hard  cicatrix.  The  sinking  in  is  sometimes 
so  much  the  more  marked,  if  there  occurs  in  the  surrounding  structures  an 
hypertrophy  of  other  tissues,  e.g.,  of  the  fat-tissue.  On  section,  there  is 
seen  sometimes  only  cicatricial  tissue,  sometimes,  besides,  a pale,  lardace- 
ous  hard  substance  (so-called  cancer  lardace),  rarely,  most  often  in  the  peri- 
phery, a softer  cancer  tissue,  which  is  unchanged  or  undergoes  fatty  and 
simple  atrophy.  The  appertaining  lymph-glands  are  sometimes  likewise 
atrophic,  sometimes  distinctly  carcinomatous. 

These  changes  occur  most  often  in  older  people,  in  cancers  especially  of 
the  female  mamma  and  of  the  stomach,  more  rarely  of  the  lymph-glands, 
pleura?,  in  epithelial  cancers  (see  p.  489).  Their  course  is  for  the  most 
part  very  chronic,  lasting  from  10  to  20  years. 


Of  many  cases  especially  of  the  stomach  and  mamma,  even  after  careful  microsco- 
pic examination,  it  remains  doubtful  whether  they  belong  here,  or  whether  they 
represent  chronic  inflammations  with  strong  cicatricial  formation  or  with  simultane- 
ous glandular  hypertrophy. 


MucODS  metamorphosis  of  cancer-cells  is  the  condition  of  a varied  appear- 
ance of  the  cancer,  according  to  its  extent,  its  degree,  and  the  consecutive 
changes  of  the  stroma  anti  vessels.  It  is  most  frequent  in  cylinder-cell 
cancer.  Here  it  is  observed  in  two  different  degrees. 

A slight  extent  op  mucous  metamorphosis,  and  its  diffusion  over 
all  or  most  of  the  parts  of  the  cancer,  is  quite  frequent  and  is  the  condition 
of  the  mucous  character  of  the  cancer-juice.  Its  quantity  varies:  some- 
times it  is  so  small,  that  the  known  creamy  character  of  the  juice  is  little 
affected  ; sometimes  so  great  that  the  mucous  character  immediately  becomes 
distinctly  marked.  The  latter  sometimes  extends  uniformly  over  the  whole 
cut  surface,  sometimes  it  is  found  only  in  isolated  parts  of  it. 

Hum  decrees  of  mucous  metamorphosis  are  the  condition  of  the  so- 
called  combination  of  common  and  gelatinous  cancer. 

In  the  lower  stages  of  this  degree,  isolated  and  sharply  circumscribed 
portions  of  the  cut  surface  are  found  remarkably  pale,  and  soft ; from  them 
there  flows  a thin  or  thick  mucous  liquid,  as  clear  as  water  or  filled  with 
fine  yellow  points.  The  remaining  portions  of  the  cancer  behave  in  a nor- 
mal manner,  or  show  here  and  there  simple  atrophy  or  fatty  metamorpho- 
sis. 

In  the  higher  stages  there  are  commonly  observed  in  various  portions  of 
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the  cancer  and  quite  irregularly  distributed,  very  small,  to  the  size  of  a pea, 
or  bean  and  larger,  rounded  or  irregular,  grayish  white,  greenish,  or  yellow 
punctated  spots,  which  are  somewhat  prominent  over  the  cut  surface.  They 
correspond  to  cavities,  which  are  filled  with  mucous  masses.  In  most  cases 
the  superficial  extent  of  these  mucous  cavities  is  small.  Sometimes,  how- 
ever, the  mucous  cavities  so  greatly  exceed  in  extent  the  unchanged  por- 
tions of  the  cancer,  that  the  latter  may  easily  bo  overlooked.  The  former 
then  are  not  infrequently  of  the  size  of  a walnut  and  larger.  Their  form  is 
rarely  round,  for  the  most  part  irregular.  The  mucus  contained  in  them, 
after  section,  wells  up  over  the  surrounding  structures,  and  is  for  the  most 
part  very  tenacious.  Mucous  metamorphosis  occurs  in  these  high  degrees 
sometimes  only  in  primary  cancer,  especially  in  those  of  the  stomach,  some- 
times also  in  some  or  all  secondary  cancers.  It  rarely  occurs  in  the  latter 
alone. 

Mucous  metamorphosis  of  cancer-cells  shows  microscopically  no  essen- 
tial distinction  from  the  mucous  metamorphosis  of  physiological  cells. 
(See  p.  332.)  In  its  higher  grades  there  results  atrophy  of  the  cancer- 
stroma,  and  especially  of  the  vessels. 

The  stroma  of  the  degenerated  portions  is  liable  to  changes,  which  in  them- 
selves have  no  peculiarity,  but  which,  on  account  of  their  similarity  with  gelatinous 
cancer,  deserve  au  especial  consideration.  They  are  only  the  consequences  of  the 
considerable  increase  of  the  contents  of  the  alveoli  through  mucous  metamorphosis 
of  their  cells.  The  alveoli  are  commonly  oval  or  round,  almost  never  present  disten- 
tions, or  otherwise  irregular  forms ; they  are  for  the  most  part  very  large.  The 
stroma  itself,  in  the  degenerated  parts,  is  very  slight ; its  fibres  are  no  longer 
wavy,  but  stiff,  and  therein  is  still  distinctly  fibrous,  or  it  presents  fibre-like  folds  or  is 
entirely  homogeneous.  Its  corpuscles  are  in  all  cases  very  small  and  undeveloped  ; 
very  often  there  is  observed  in  their  place  spindle-shaped  or  filamentous  accumula- 
tion of  fat-drops,  or  they  appear  to  be  entirely  absent.  Vessels  occur  within  the 
stroma  very  rarely.  Finally,  in  the  middle  of  many  large  mucous  spaces,  the  stroma 
is  entirely  absent : there  is  observed  in  the  peripheral  portions  the  already  described 
relations  of  the  trabecula?  of  the  stroma ; toward  the  middle,  the  latter  become 
gradually  smaller,  and  terminate  for  the  most  part  in  free  and  fine-pointed  ex- 
tremities. 

Gelatinous  cancer,  colloid  cancer,  alveolar  cancer  (mucous  cell 
cancer)  is  that  form  of  cancer,  in  which,  in  place  of  the  common  cancer- 
juice,  there  occurs  a grayish  white,  clear  or  slightly  clouded,  mucous  or 
gelatinous,  liquid  or  tenacious  substance  (hence  the  names  gelatinous  and 
colloid  cancer,  gum-cancer),  and  where  the  stroma  offers  for  the  most  part 
an  exquisite  alveolar  structure,  visible  to  the  naked  eye  (hence  the  name 
alveolar  cancer).  The  further  peculiarities  of  this  cancer  aie  : its  occur- 
rence confined  for  the  most  part  to  certain  organs  (stomach,  large  intestine, 
peritoneum, — uterus,  mammary  glands),  its  usual  appearance  in  form  of  an 
infiltration,  its  considerable  size,  its  slight  tendency  to  secondary  deposits. 

All  these  peculiarities  are,  however,  not  sufficient  to  make  us  regard  gelatinous 
cancer  as  a distinct  species  of  cancer.  The  following  grounds  make  it  much  more 
probable,  that  it  (with  the  exception  of  the  rare  cancer  with  mucous  framework,  see 
p.  481)  is  no  other  than  a common  cancer  in  the  highest  stage  of  mucous  metamor- 
phosis : _ 

1.  The  microscopical  elements  of  the  gelatinous  portion  of  colloid  cancer,  and  the 
substance  of  cancers  which  have  undergone  mucous  degeneration,  are  perfectly 
similar  : they  are  cells  in  high  degrees  of  mucous  metamorphosis,  and  their  remains. 

2.  Chemical  investigation  demonstrates  no  essential  differences. 

25.  The  stroma  of  colloid  cancer  shows  no  difference  from  that  of  cancers  which 
have  suffered  a high  degree  of  mucous  degeneration.  It  is  sometimes  distinct 
maoroBcopioally,  sometimes  presenting  cells  of  large  size,  sometimes  microscopically 
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distinctions  which  are  also  shown  by  common  cancers.  It  is  peculiarly  rigid  and 
homogeneous,  contains  indistinct  connective-tissue  corpnscles  which  have  suffered 
fatty  degeneration  or  simple  atrophy,  and  very  few  vessels  or  is  entirely  deprived  of 
vessels, — peculiarities  which  are  explained  by  the  considerable  distention  of  the 
stroma  by  the  increase  in  volume  of  the  alveolar  contents. 

4.  Colloid  cancer  and  common  cancer  show  a perfectly  similar  development  and 
the  same  conditions  of  growth. 

5.  Colloid  cancer  likewise  frequently  occurs  pure,  as  well  as  in  combination  with 
common  cancer.  The  combination  occurs  in  different  ways : either  there  is  present 
in  the  periphery  of  colloid  cancer  a small  or  broad  layer  of  common,  for  the  most 
part  soft  cancer ; or  with  a primary  colloid  cancer  there  are  found  as  secondary,  some- 
times colloid  cancers  and  common  cancers,  sometimes  only  the  latter. 

d.  The  greater  benignity  of  colloid  cancer,  which  is  evidenced  by  the  for  the  most 
part  slight  secondary  deposits,  by  its  chronic  course,  etc.,  is  in  consequence  of  the 
destruction  of  the  cancer-cells  through  mucous  metamorphosis,  atrophy  of  the 
stroma  and  especially  of  the  vessels. 

According  to  many,  every  colloid  canoer  is  dependent  upon  a mucous  character  of 
the  stroma,  thus  a mucous  framework  cancer  (in  opposition  to  the  mucous  chu  t. 
cancer  assumed  by  the  author).  This  is  held  by  Virchow  and  others.  According  to 
Forster,  a combination  of  mucous  framework  cancer  occurs  with  mucous  cell  can- 
cer. A similar  view  is  held  by  F.  E.  SCHULZE  (Arch.  / microse..  Anat.,  I.,  p.  836). 
According  to  W.  MfLLER  (Beob.  ,1.  path.  Inst.,  tn  Jena,  1871.  p.  481)  colloid  devel- 
opment is  likewise  independent  of  epithelial  elements,  and  is  peculiar  to  interstitial 
tissue.  The  alveolar  structure  is  explained  by  this,  that  only  the  looser  connective 
substance  ensheathing  tbe  smaller  vessels  is  the  seat  of  the  development  of  mucous 
tissue.  RlNDPLElSCU  ( l/ehrb . d.  path.  Hitt.,  1873,  p.  144)  regards  colloid  sub- 
stance as  an  accumulation  aud  metamorphosis  of  amorphous  formative  substance. 
A js'culiar  theory  of  colloid  cancer  has  been  advanced  by  Stradohskv.  According 
to  Recki.INOHAUSBN  and  KiisTEH  (L  c-,  p.  70),  colloid  cancer  is  also  developed  from 
the  endothelium  of  the  lymphatic  vessels.  According  to  DotJTRELEPoNT  {Arch.  f. 
hi.  Chir. , 1870,  XII.,  p.  531),  neither  the  cancer-cells  nor  the  stroma  furnish  the  gela- 
tinous matter,  but  the  material  out  of  which  in  common  careiuomata  the  young  cells 
have  their  origin,  enters  under  the  influence  of  the  cancer-cells  into  gelatinous  degen- 
eration.— Consult  on  the  other  hand  Waldeyer  (1.  c.,  1872). 

Calcification  of  cancer-cells 

occurs  rarely.  It  affects  only  isolated  small  points,  sometimes  entire  ean- 
cer-knots  for  the  most  part,  so  that  these  reach  a consistence  of  stony  hard- 
ness. In  its  lower  grades  it  is  not  infrequently  combined  with  simple 
atrophy  and  fatty  metamorphosis  of  the  cancer-cells.  Thereby  there  arises 
a grayish  yellow  mortar-like  substance,  in  which,  besides  cells  which  have 
suffered  fatty  degeneration  and  simple  atrophy,  there  are  found  fat-mole- 
cules, crystals  ot  cholesterin,  simple,  smoother  or  concentrically'  lami- 
nated, calcified  cells  and  chalk  molecules.  (See  p.  490.) 

Hemorrhages 

oet  tu , especially  in  soft  and  vascular  cancers,  especially' in  those  of  the 
external  parts,  kidneys,  retro-peritoneal  glands,  and  bones.  Their  impor- 
tance depends  especially  upon  the  quantity  of  escaped  blood,  in  part  also 
upon  its  changes.  Small  effusions  of  blood  into  soft  cancers,  cause  only  a red- 
i ish  color,  like  that  of  raspberry  juice,  and  sometimes  a greater  consistence 
of  t in  cancer-juice ; those  into  hard  cancers  have  no  influence  upon  its 
aithei  course.  More  abundant  and  extended  haemorrhages  are,  on  account 
of  the  resulting  coagulation,  followed  by  various  degenerations  of  the  cells, 
especially  simple  and  fatty  atrophy.  The  escaped  coloring  matter  of  the 
>Iood  undergoes  the  usual  changes.  If  the  effusions  are  very  large,  there 
will  arise  a true  haemorrhagic  cavity,  which  consists  of  blood  aud  destroyed 
cancer-tissue.  1 hese  cavities  finally  end  in  their  drying  up  and  the  dimi- 
nution of  the  whole  cancer,  sometimes  perhaps  in  cysts,  or  they  introduce 
the  destruction  of  the  cancer.  The  haemorrhages,  which  occur  on  the  sur- 
32 
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face  of  excoriated  cancers  of  the  skin  and  mucous  membranes,  as  well  as  on 
That  of  villous  cancers,  are  followed  for  the  most  part  by  simple  flowing  off 
of  the  blood  and,  according  to  its  quantity,  exei-t  a varying  influence  on 
the  whole  organism. 

The  causes  of  hasmorrhagos  lie  partly  perhaps  in  an  original  delicacy  of  the  vessels, 
partly  in  their  metamorphoses. 

(Edema  of  cancer 

occurs  sometimes  in  cancers  during  general  dropsy,  as  well  as  in  cancers 
on  the  extremities  and  in  iutemal  organs  in  local  oedema.  The  changes 
resemble  those  of  other  cedematous  soft  parts.  The  cancer-cells  behave  in 
the  same  manner  as  after  artificial  addition  of  water. 

Softening  of  cancer 

occurs  sometimes  as  an  isolated  process,  sometimes  simultaneously  with 
fatty  or  mucous  metamorphosis  of  the  cancer-cells  or  with  formation  of  pus 
in  the  cancer.  In  the  former  case,  it  manifests  itself,  especially  as  caucer 
of  the  superficial  portions  of  the  skin  and  mucous  membrane  ; as  well  as 
the  central  portions  of  the  cancer-knots  in  parenchymata,  with  a for  the 
most  part  diffuse  diminution  of  consistence.  It  has  its  basis  in  an 
increase,  or  new-formation  of  liquid  intercellular  substance,  and  in  an 
cedematous  swelling  of  the  cancer-cells.  The  latter  become  larger,  more 
round  and  spherical,  the  cell-membrane  becomes  more  indistinct,  thinner, 
and  then  disappears  entirely  ; etc.  The  consequences  of  softening  consist 
especially  in  the  introduction  of  decay  and  ulceration  of  the  cancer. 

The  causes  of  softening  are  especially  disturbed  circulation  (pressure  upon  and 
thrombosis  of  the  veins). 

Formation  of  pus 

is  very  rare  in  the  interior  of  cancer,  but  it  occurs  more  often  on  its  sur- 
face. It  is  sometimes  so  slight  that  it  is  recognizable  only  by  microscopical 
examination,  sometimes  so  great  that  it  is  visible  to  the  naked  eye.  It  is 
sometimes  diffuse,  sometimes  there  are  formed  abscess  or  cyst-like  cavities, 
c.(j.,  in  the  mamma.  The  internal  surface  of  these  cysts  is  sometimes  cov- 
ered with  growths  like  granulations. 

The  mode  of  origin  of  the  pus,  as  well  as  its  point  of  origin  (cancer-cells  or  stroma), 
has  not  yet  been  certainly  shown. 

Superficial  decay  of  cancer,  cancer-ulcer. 

After  a longer  or  shorter  existence  of  cancer  of  extended  organs,  especially 
of  the  skin  and  digestive  mucous  membrane,  its  surface  almost  constantly 
decays,  and  there  arises  the  so-called  cancer-ulcer. 

The  cancer-ulcer  offers  in  part  different  characters  in  different  organs. 
The  liquid  covering  it,  its  so-called  secretion,  resembles  either  common 
cancer-juice,  or  it  is  serous,  more  rarely  sero-purulent,  often  colored  red  or 
brownish  by  blood,  without  odor,  or  with  an  odor  which  remains  long  on 
the  finders  which  have  been  engaged  in  the  examination  of  it,  and  which 
infects  Urn  atmosphere  (cancer-ichor).  At  the  same  time,  it  often  contains 
particles  of  cancer  tissue.  The  base  of  the  ulcer  is  of  very  varying  size  and 
form,  according  to  the  size  of  the  cancer-mass  and  the  age  of  the  ulcer.  At 
first  it  resembles  a simple  erosion  exposing  the  cancer-tissue.  This  increases 
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continuously  in  extent  and  depth,  or  new  erosions  are  formed,  which  often 
coalesce.  Finally,  the  ulcer  is  of  a gray,  reddish,  gi-eenish,  or  blackish 
color,  rarely  smooth,  for  the  most  part  entirely  irregular,  superficially  or 
deeply  fissured,  soft  or  gangrenous.  The  cut  surface  of  the  base  and  walls 
shows  the  common  or  somewhat  softened  cancer-structure.  Simultaneously 
with  the  decay  there  grow  on  the  base  of  the  ulcer  sometimes  new,  more  or 
less  villous  masses,  which  sometimes  have  the  character  of  luxuriant  granu- 
lations, sometimes  that  of  villous  cancer.  After  a longer  or  shorter  exist- 
ence these  also  decay,  for  the  most  part  with  the  immediately  adjacent 
cancer-surface:  the  ulcer  thereby  increases  in  depth,  quickly  extends  or 
pushes  out  new  growths. 

Most  often  death  appears  during  these  processes.  In  other  cases  the 
cancer-mass  may,  by  excess  of  decay  over  the  peripheral  enlargement,  be  so 
completely  separated  that  remains  of  the  earlier  cancer  can  be  found  only 
in  the  borders,  or  so  completely  that  the  ulcer  resembles  a simple  chronic 
ulcer  passing  into  cicatrization.  Whether  thereby  a complete  healing  can 
be  effected,  is  very  doubtful. 


The  remaining  peculiarities  of  eancer-ulcer  depend  in  part  upon  the  essential  or 
accidental  admixtures  i gastric  juice,  remains  of  food,  urine),  in  part  upon  the  action 
of  medicaments. 

Many  cases  of  so-called  ri.CHS  PHAGKJWENlCtTM  s.  corrodent*  of  external  parts  as 
well  as  of  the  uterus,  are  only  cancer-ulcers  in  which  the  new-formation  in  the  base 
of  the  ulcer  is  very  small,  and  sometimes  only  microscopically  demonstrable. 

Decay,  in  many  cases,  affects  not  merely  carcinomatous  parts,  but  also  the  sur- 
rounding textures. 

The  causes  of  decay  are:  chiefly  the  forcing  apart  of  the  normal  tissues  by  the 
new -formed  cell-masses,  upon  which  is  dependent  in  part  the  enlargement  of  old 
alveoli,  in  part  the  formation  of  new  ones ; also  the  cancerous  degeneration  of  the 
sujierficial  tissue-layers,  whereby  the  protecting  epithelium  becomes  lost,  and  the  air, 
secretions  of  inacons  membranes  (especially  gastric  juice),  etc.,  act  upon  the  cancer. 


The  consequences  of  cancerous  decay  are : re-dilatation  of  formerly  con- 
tracted parts,  especially  important  in  the  oesophagus,  stomach,  intestine  ; 
evacuation  of  particles  of  cancer:  by  vomiting,  coughing,  the  stools,  etc.; 
perforations  of  serous  membranes  (with  consequent  inflammation),  of  vessels 
(with  slight  or  colossal  ami  fatal  haemorrhages,  e.g .,  from  the  aorta  in  cancer 
of  the  oesophagus),  from  adjacent  hollow  organs  (thereby  giving  rise  for  the 
most  part  to  simple,  more  rarely  multiple  fistulas)  ; marasmus,  in  conse- 
quence of  the  continuous  flow  of  cancer-juice,  in  consequence  of  capillary 
and  other  haemorrhages. 


As  CYSTIC  CANCEKS 


are  designated  many,  and,  in  appearance  and  origin,  different  forms: 

1.  < ancers,  which  are  developed  in  cysts  or  eystoids,  either  by  the  cyst- 
wall  becoming  carcinomatous,  or  by  the  simultaneous  formation  of  villous 
cancers  of  varying  size  and  kind  on  the  internal  surface  of  the  cyst-wall ; 
they  occur  especially  in  the  ovaries,  rarely  in  the  mamma,  testicles,  and 
bones : 


“•  * ancers,  in  which,  after  previous  mucous  metamorphosis  of  the  cancer- 
cells,  there  occurs  a formation  of  for  the  most  part  small,  rarely  of  the  size 
ot  a walnut,  at  first  irregularly  villous,  later  smooth-walled,  cyst  like  spaces, 
filled  with  a clear  or  clouded  mucous  liquid;  care,  cysticum  colloides  (op- 
posed to  c.  cyst,  butirinicum) ; they  are  found  in  the  stomach,  liver,  lungs, 
hones,  etc. ; 

3.  Cancers,  in  which  some  portions  of  the  normal  organ  are,  in  consequence 
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of  the  cancer  itself,  transformed  into  cysts,  e.g.  the  larger  milk-ducts  and 
the  acini  of  the  female  mamma  ; 

4.  Cancers,  which  show  a glandular  structure,  and  contain  cavities  with 
mucous  liquid : cancroids  with  mucous  cysts. 

B.  ENDOTHELIAL  CANCER. 

Endothelial  cancer,  in  its  general  properties  (infiltration  or  tumor, 
color,  consistence,  etc.),  is  similar  to  epithelial  cancer,  and  has  hitherto  been 
almost  always  confounded  with  it.  Microscopically,  it  shows  cells  which 
greatly  resemble  those  of  cylinder-cell  cancer.  The  alveoli,  in  which 
these  cells  are  imbedded,  are  distinguished,  sometimes  not  essentially  from 
those  of  common  epithelial  cancer,  sometimes  they  are  distinguished  as 
reticular  and  anastomotic,  and  herein  reminding  one  of  a net-work  of  nor- 
mal, very  fine  lymphatic  vessels. 

Endothelial  cancer  arises  through  increase  of  the  endothelium  of  the% 
lymphatic  vessels,  of  different  localities  (skin,  serous  membranes, — perhaps 
also  lymph-glands,  testicles, brain,  etc.).  The  endothelial  cells  increase,  not 
only  in  number  in  varying  proportions,  but  also  change  their  form,  etc., 
so  that  they  become  similar  to  cylinder-  or  gland-cells. 

Endothelial  cancer  occurs  sometimes  pure  (serous  membranes,  skin) ; at 
other  times  it  is  combined  with  epithelial  cancer,  in  such  manner,  that  a 
cancer  proceeding  from  the  epithelium  of  the  skin  or  mucous  membrane 
penetrates  into  the  finest  lymphatic  vessels,  and  from  here  extends  further. 
The  latter  appear  to  take  place  most  often  in  the  testicles  and  in  serous 
membranes  (e.  g.  pulmonary  pleura). 

Recklinghausen  {Arch.  f.  Ophthalm .,  1864,  XII.,  p.  70)  first  advanced  the  theory 
that  the  cancroid  processes  were  the  club-shaped  swollen  extremities  of  the  lymphatic 
vessels,  and  thus  had  their  origin,  that  either  the  cell-growths  entered  directly  into 
the  lymphatic  vessel  and  formed  oasts  of  it,  or  that  a mixing  of  these  cells  with 
growths  of  the  endothelium  of  the  lymphatic  vessels  occurred,  while  an  increased 
production  of  this  endothelium  alone  could  transform  the  lymph-roots  into  cancroid 
processes.  (Consult  also  Sitzgsber.  d.  Wurzb.  phys.-mecL  Get.,  1865-66).  KttsTER 
( Virch.  Arch.,  1867,  XL.,  p.  468.  Die  Enticickclung  d.  Carcinome,  etc.,  1869)  has  con- 
ducted these  investigations  farther.  According  to  these  authors,  anastomoses  of  the 
cell-cylinders  or  cancer-processes  are  found  in  all  cancers  of  the  skin ; these  very  often 
form  net-works,  which,  in  form  and  mode  of  extension,  are  casts  of  the  net-work  of 
lymphatic  vessels,  and  in  which  there  still  often  exists  a central  lumen.  The  cell- 
cylinders  represent  changed  lymphatic  vessels,  the  first  cancer-cells  are  the  more  or 
less  changed  endothelial  cells  of  the  lymphatic  vessels.  K.  goes  so  far  as  to  deny  a 
direct  relation  between  cancer  and  hypertrophy  of  the  glands  and  hair-follicles.  Ac- 
cording to  K. , colloid  cancer  also  is  most  probably  developed  within  the  lymphatic 
vessels. 

It  is  still  doubtful  whether  Roster’s  view,  to  this  extent,  is  right.  A certainly 
opposing  case,  recorded  by  PAGENSTECHEK  ( Virch.  Arch.,  1869,  XLV.,  p.  490).  be- 
longs to  endothelial  cancer.  It  concerns  a cutaneous  ulcer,  similar  to  cancroid,  on 
the  nose  ; the  finest  lymphatic  vessels  of  the  skin  and  subcutaneous  connective  tissue, 
and  the  larger  vessels  between  the  muscles,  were  filled  with  epithelial-like  cells,  which 
P.  derives  from  the  endothelial  cells  of  the  lymphatic  vessels.  The  epidermis,  hair- 
follicles,  etc.,  were  normal. 

Also,  the  cases  described  by  Ebertii  ( Virch.  Arch.,  XL1X.,  p.  51)  and  Arndt 
(lb.,  LI.,  p.  495)  as  epithelioma,  or  cancroid  of  the  pia  mater  and  subarachnoidal 
spaces,  are  quite  positively  to  be  included  here;  also  Rindfleisch's  ( Lchrb .,  3.  Aufl., 
p.  614)  so-called  carcinoma  cerebri  simplex,  which  proceeds  from  the  cells  of  the 
adventitia  of  the  vessels  of  the  pia;  also  Classen’s  ( lb ..  L.,  p.  37),  as  well  as 
Perl’s  (lb.,  LVL,  p.  437),  cases  of  epithelial  cancer  of  the  lungs,  pleura,  etc.  Prob- 
ably also  many  tumors  of  the  testicles,  brain,  lymph-glands,  etc.,  belong  here,  which 
Wai.deyer  ( Virch.  Arch. , 1873,  LV.,  p.  67)  derives  from  the  so-called  perithelinl 
colls  of  Eberth,  i e. , the  most  external  adventitial  cells  of  the  vessels.  They  repre- 
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sent  for  the  most  part  very  soft  medullary  masses,  which  consist  essentially  of  a vas- 
cular plexus,  the  vessels  of  which  have  a thick  epithelial-like  cell-envelope,  and  look 
like  strong,  anastomosing  cellular  pouches.  Between  these  cell-cylinders  there  may 
be  developed  sarcomatous,  myxomatous,  etc.,  intervening  tissue.  \V.  calls  these 
tumors  PI.KXIFORM  ANGIOMATA. 

Consult  also  Robin's  epithelioma  of  the  serous  membranes,  Golgi’s  endothelioma 
(see  p.  -till,  and  Kcndbat,  Oe»tr.  Jahrb.,  1871,  2.  H. 

We  have  observed  in  the  pleura  two  cases  of  primary  endothelial  cancer  : one  has 
already  been  published  (.1  rch . d.  JJeilk .,  1870,  XI.,  p-  509) ; the  other  came  under 
our  treatment  as  a chronic  exudation  of  the  pleura,  and  at  the  autopsy  was  found  to 
be  essentially  similar. 

C.  CONNECTIVE-TISSUE  CANCER. 

Connective-tissue  cancer  has  sometimes  the  form  of  a circumscribed  or 
diffuse  tumor,  sometimes  that  of  an  infiltration. 

Microscopical  examination  of  connective-tissue  cancer  shows  number- 
less cells,  which  are  in  general  similar  to  colorless  blood-corpuscles,  but  are 
not  infrequently  larger  and  contain  one  remarkably  large  nucleus,  or  many 
nuclei,  or  only  free  nuclei.  The  cells  and  nuclei  lie  singly  or  in  small  number 
in  small,  for  the  most  part  irregular  sjiaces  of  the  stroma,  which  are  nowhere 
like  glaud-ducts.  The  stroma  resembles,  in  its  small  number  of  cells,  com- 
mon loose  or  firmer  connective  tissue,  in  which  are  sometimes  found  more 
strongly  thickened  vessel-walls,  or  remains  of  the  original  tissue.  If,  on 
the  contrary,  the  cells  are  very  abundant,  there  is  a manifold  similarity 
with  common  or  hyperplastic  cytogenic  tissue.  It  is  for  the  most  part  very 
vascular. 

From  these  characters  it  follows  that  at  the  present  time  there  are  no 
strict  histological  peculiarities  of  connective-tissue  cancer,  that  it,  especially 
when  very  vascular  and  deficient  in  stroma,  cannot,  or  only  with  difficulty, 
lie  distinguished  from  many  sarcomata,  especially  those  characterized  by 
round  and  small  cells,  or  those  which  are  granulation-like  or  lymphoid,  also 
from  many  hyper-  and  heteroplastic  developments  of  cytogenic  tissue,  from 
many  gliomata,  sometimes  even  from  many  infiltrations  of  pus,  etc.  Con- 
nective-tissue cancer  stands  to  many  sarcomata,  gliomata,  etc.,  in  the  same 
relation  as  glandular  cancer  to  many  adenomata.  In  both  cases  the  beha- 
vior of  the  lymph-glands,  if  they  are  not  primarily  affected  by  the  cancer, 
is  important : their  increased  swelling  occurs  almost  only  in  cancer  of  the 
respective  peripheral  parts.  At  the  present  time,  the  notion  connected 
with  cancer  is  especially  clinical,  not  anatomical. 

Hitherto  all  the  efforts  of  pathological  anatomists  to  give  a precise  histological 
character  to  cancer,  especially  to  connective -tissue  cancer,  have  been  fruitless : clini- 
cal and  palhologi co- histological  interests  have  not  yet  been  united.  Esj>ecially  do  so 
numerous  transitions  seem  really  to  exist  between  the  so-called  l>enign  and  malignant 
new -formations,  that  a fixed  limit  between  them  is  at  present,  and  perhaps  aiwayf 
will  be.  impossible.  We  have  already  made  this  apparent  in  the  consideration  of 
fibromata,  myxomata,  enchondromata,  sarcomata,  the  new- formation  of  cytogenif 
tissue,  adenomata.  If  the  uew-formation  of  small  round  cells  in  the  above-mentioned 
tumors  (on  the  adenomata,  see  p.  473)  is  so  considerable  that  the  type  of  the  original 
new-formation  is  maeroscopically  and  microscopically  obliterated  if  the  earlier,  for  the 
most  part  circumscribed  new-formation  becomes  diffuse  and  extends  to  the  various 
circumjacent  tissues  and  organs;  if  in  consequence  of  various  causes  the  new-forma- 
tion decays;  if  the  lymph-glands  become  affected  in  like  manner;  if  inetastases  occur 
through  breaking  of  the  new-formation  into  the  veins, — then  they,  in  a clinical  sense, 
have  become  cancerous. 

All  the  characters  above  given  hold  good,  more  or  less  perfectly,  of  a series  of  new- 
formations,  to  which  practitioners  apply  the  term  cancer,  while  the  names  given  by 
pathological  anatomists  vary  greatly.  We  first  described  a peculiar  case  of  this  kind 
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as  “ heterologous  tumorous  new-formation  of  cytogenic  Bubstance”  (Arch.  f.  nhvs. 
Ileilk..  1858,  p.  12:5 ; Schmidt'*  Jnhrbb.,  1859,  CIIL,  p.  109  ; see  also  Arch.  d.  Ileilk ., 
180.').  VT..  p.  44).  Jlri.i, Ho  rn’s  “ cancer  with  a structure  similar  to  that  of  the  lymph- 
glamls”  ( Virch.  Arch..  IMiiO,  XVIII.,  p.  82)  likewise  belongs  here.  The  same  is  true 
of  Langes beck’s  so-called  “ scrofulous  sarcomata,”  of  some  cases  by  Lambl  and 
0.  Weber.  Virchow  later  {Die  krkh.  Geschw.,  II.,  p.  728)  introduced  the  now 
quite  generally  adopted,  and  in  many  ways  ambiguous,  name  l*  lympho-sarcoma” 
(sarcoma  lymphomatodes  s.  lymphaticura).  The  tumors  described  by  LCcke  (D.  Z. 
f.  Ghir..  187:5.  II.,  p.  199)  as  medullary  sarcoma  of  the  lymph-glands  (most-  often  of 
the  axilla,  of  the  inguinal  region,  more  rarely  of  the  neck,  also  of  the  region  of 
the  tonsils)  likewise  belong  here : L.  proposes  therefor  the  name  lymphoma  (the 
latter  he  calls  lymphoid).  Vide  infra. 

H resell  berg  ( Der  Markcohwamm  dcr  Netzhaut , 1869)  has  almost  certainly  demon- 
strated the  identity  of  glioma  retime  with  the  medullary  cancer  (fungus  medullar  is  s. 
hannatodes  oculi)  of  the  older  authors.  Glioma  advances  along  the  optic  nerve  into 
the  cranial  cavity,  or  forward  into  the  anterior  chamber  of  the  eye,  etc.,  not  infre- 
quently attacks  the  cranial  bones  and  the  skin  in  the  vicinity  of  the  eyes,  later  the 
lymph-glands  on  the  parotid  and  on  the  angle  of  the  inferior  maxilla,  is  the  origin  of 
metastases  to  the  liver,  etc.,  and  often  returns  after  extirpation.  It  is  not  infre- 
quently bilateral. 

On  account  of  enlargement  of  the  spleen,  and  often  also  of  the  lymph-glands,  and 
on  account  of  the  general  symptoms,  etc.,  which,  with  exception  of  the  increase  of 
the  colorless  blood-coqniscles,  resemble  those  of  leucocythanuia,  some  cases  are  de- 
scribed as  pseudo-leucocythmmia  (Coiimieim),  others  as  lymphatic  auaunia  (Wilks). 

The  origin  of  connective-tissue  cancer  agrees  in  general  with  that  of 
other  cellular  now-formations  proceeding  from  connective  tissue.  It  takes 
place  by  far  most  often  from  the  corpuscles  of  connective  tissue  of  every 
kind,  and  of  various  normal  and  pathological  tissues. 

By  repeated  division  of  the  connective-tissue  corpuscles  there  are  formed  at  first 
indifferent  cells,  which  always  remain  so  or  later  acquire  more  determined  forms. 
Or,  by  endogenous  formation  there  arises  a mass  of  nuclei,  which  soon  lose  their 
envelope  of  the  connective  tissue  corpuscle ; the  nuclei  .are  then  transformed  into 
cells,  etc.  Essentially  in  the  same  maimer  is  connective-tissue  cancer  developed  in 
osseous  tissue  : the  basis  substance  of  the  bones,  in  the  vicinity  of  the  young  cancer- 
focus,  for  the  most  part  along  the  vessels,  loses  its  salts  and  is  transformed  into  a 
fibrous  tissue.  Probably  in  an  entirely  similar  manner  is  the  development  of  cancer- 
cells  from  colorless  blood -corpuscles  effected  (in  thrombi),  also  from  the  nuclei  of  the 
capillaries,  of  the  sarcolemma,  etc.,  as  well  as  the  so-called  metamorphosis  of  new- 
formations  of  other  kinds  (fibromata,  cysts,  sarcomata)  into  cancer.  In  many  cases 
cancer  is  developed  from  many  tissues  simultaneously. 

The  stroma  of  connective  tissue  cancer  consists  at  first  of  connective  tissue,  the 
corpuscles  of  which  produce  cancer-cells,  or  of  atrophic  tissues  of  other  kinds,  e.g., 
glandular  substance.  Later,  the  stroma  in  many  cases  is  formed  probably  from  the 
increasing  connective -tissue  corpuscles. 


The  growth  of  connective- tissue  cancer  takes  place,  for  a small  part,  by 
increase  in  size  and  number  of  the  old  cancer-cells  (by  division  and  endo- 
genous formation),  as  well  as  by  formation  of  new  cancer-cells  in  the 
stroma.  For  the  most  part  the  growth  is  peripheral : the  immediately 
adjacent  tissues  are  layer  by  layer  transformed  into  cancer,  entirely  in  the 
saine  manner  as  in  the  first  formation  of  the  cancer. 

Connective-tissue  cancer  may  present  two  varieties,  which  are  for  the 


most  part  strictly  separable,  but  sometimes,  even  in  the  same  case,  in 
different  organs  or  in  the  same  organ,  even  in  the  same  knots,  they  pass 
into  one  another : the  hard  and  the  soft  connective-tissue  cancer. 

a.  The  hard  connective-tissue  cancer,  sciuriius,  fibrous  cancer 
(chondroid  cancer,  carcinoma  fibrosuin,  squirrhe  ligneux,  etc. — hard  lympho- 
sarcoma). 
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Hard  connective-tissue  cancer  is  characterized  by  this,  that  the  cut  sur- 
face is  firm,  sometimes  of  the  same  consistence  as  the  normal  tissue,  some- 
times much  firmer,  fibroid  or  cartilage-like,  and  creaks  during  section.  Its 
color  is  gray,  grayish  white  or  grayish  red.  It  is  uniformly  smooth,  like 
lard,  or  fibrous,  a little  moist,  juiceless,  or  lets  exude  a scanty  serous  liquid, 
or  here  and  there,  rarely  throughout,  a scanty  milky  juice.  Cancers  of 
this  kind  are  more  usually  small,  for  the  most  part  infiltrated  ; they  are 
sometimes  rounded,  sometimes  they  present  on  the  periphery  processes  of 
varying  number  and  length.  Their  growth  is  for  the  most  part  slow. 
They  occur  primarily  especially  in  the  mamma',  and  in  the  groups  of  lymph- 
glands  in  the  neck,  mediastinum,  etc.,  more  rarely  in  the  spleen,  bones,  etc., 
secondarily  in  the  lymph  glands,  serous  membranes,  lungs,  liver,  kidneys, 
etc.  The  secondary  cancers  are  sometimes  hard,  sometimes  and  more  often 
soft.  This  form  of  cancer  passes  by  increase  of  cells,  etc.,  into  medullary 
cancer  ; on  the  other  hand,  a medullary  cancer  may  be  transformed  into 
scirrhus  (vide  infra). 

Hard  connective-tissue  cancer  is  histologically  less  characteristic  than  the  soft. 
Especially  is  a confusion  possible  with  many  atrophic  epithelial  cancers  (see  p.  489), 
with  many  tubercles  and  syphilomata,  with  atrophic  lymph-gland  tumors,  etc.  Pro- 
bably there  belong  here  many  coses  by  Hodorix  (Med.- Oar.  Tran*..  1832.  XVII.,  p. 
68),  Wilks  (day'*  ILitp  185fi,  C.  11.,  p.  117;  1859,  V.,  p.  115  ; 1805,  XI.,  p. 

56)  and  others.  Also  the  case 'by  WUHOEKLICU  and  the  author  (L  c.,  1858),  that  by 
It.  Maieu  (Arch.  d.  Jledk.,  1871,  XII.,  p.  148),  that  by  Langhams  ( Virch.  Areh ., 
1872,  LIV.,  p.  509).  The  new -formations  of  the  lymph-glands  and  spleen  are  best 
known  histologically.  According  to  Virchow  and  Langhans,  these  and  the  folli- 
cles of  the  spleen  are  considerably  enlarged,  become  hard  and  stiff  ; the  microscope 
shows  an  increase  of  lymph  cells,  a thickening  of  the  old,  and  formation  of  new  reti- 
culum, often  true  connective  tissue  ; the  surrounding  structures  are  not  affected,  but 
suffer  only  from  pressure.  Our  own  case  was  somewhat  different.  Especially  char- 
acteristic is  the  encroachment  of  the  structure  mentioned  of  the  part  first  affected  on 
the  surrounding  textures,  whether  connective  tissue,  or  fat  tissue,  or  muscular,  or 
osseous  tissue,  etc. 

b.  Soft  connective-tissue  cancer,  medullary  cancer  (encephaloid, 
soft  cancer,  cellular  cancer,  etc. — soft  lympho- sarcoma). 

Soft  connective-tissue  cancer  is  characterized  by  its  cut  surface,  which  is 
homogeneous,  whitish,  grayish- white,  or  of  various  shades  of  red,  and  not 
infrequently  also  here  and  there  speckled  red  or  yellow.  It  is  usually 
soft  in  the  most  varying  degree,  to  the  consistence  of  the  foetal  brain, 
more  rarely  harder.  It  is  perfectly  homogeneous,  or  only  here  ami  there 
indistinctly  fibrous.  Ou  scraping  there  is  everywhere  given  off,  and  uni- 
formly,  a fur  the  most  part  abundant  liquid,  which  is  rarely  slightly 
mucous,  for  the  most  part  creamy  or  milky,  increasing  in  proportion  to  the 
length  of  time  elapsing  between  extirpation  or  death  and  the  examination. 

Suit  connective-tissue  cancer  usually  forms  tumors,  of  sometimes  con- 
siderable size.  It  is  found  in  all  organs  which  contain  connective 
tissue,  especially  the  loose  variety,  and  appears  always  to  arise  from  this, 
but  then  grows  by  substitution  iuto  the  remaining  portions  of  the  organ. 
The  localities  most  frequently  affected  are  : the  intermediate  tissue  of  the 
various  tissues,  organs,  and  parts  of  organs,  the  subcutaneous  and  inter- 
muscular tissues,  the  periosteum  and  endosteum,  the  retro-pharyngeal  and 
retro- peritoneal  connective  tissue,  the  looser  connective  tissue  around  the 
salivary  and  milk-glands,  around  the  kidneys,  the  adventitia  of  the  bronchi, 
the  capsule  of  the  kidneys  and  lymph-glands,  the  interstitial  connective 
tissue  of  the  organs  last  mentioned,  probably  also  the  mamma,  salivary 
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glands,  liver,  lungs,  muscles.  Medullary  cancer  occurs  at  all  ages,  but 
especially  in  the  first  and  later  years  of  youth. 

We  ourselves  have  observed  its  occurrence  in  most  of  the  above-mentioned  locali- 
ties. (More  exact  data  are  given  in  another  place.)  VIRCHOW  found  soft  lympho- 
sarcoma most  frequent  in  the  cervical  glands,  whence  it  passes  to  the  lymph-glands 
of  the  axilla  and  mediastinum  ; also  in  the  persistent  thymus  gland. 

Metastases  follow,  according  to  Virchow,  especially  to  the  spleen,  more  rarely  to 
the  liver,  lungs,  kidneys. 

To  soft  cancer  there  likewise  belongs  a series  of  cases,  which  have  for  the  most 
part  received  other  names : besides  those  given  above,  by  Billroth,  the  author, 
Virchow,  the  case  by  Cohn  he  iu  ( Virch.  Arch.,  XXXIII.,  p.  452),  EuKimi  (lb., 
LIX. , p.  (si),  many  cases  of  so-called  sarcoma  carcinomatodes  (Virchow). 

The  occurrence  together  of  connective-tissue  cancer  on  the  one  hand,  and 
epithelial  and  endothelial  cancer  on  the  other,  has  not  yet  been  observed. 

The  metamorphoses  of  connective-tissue  cancer,  its  influence  on  organs 
and  on  the  whole  organism,  resemble  those  of  cancer  in  general. 

XIV.  CYSTS,  OR  encysted  tumor,  cystoma. 

Hodgkin,  Med.-Chir.  Transact..,  1829,  XV.,  p.  265. — Kohlrausch,  MOM.  Arch., 
1843,  p.  365. — Frerichs,  Ueber  Gallert-  u.  Udhiidgeschmilste,  1847. — Brucii,  Ztschr. 
f rat.  Med.  1849.  VIII.,  p.  91.— Rokitansky.  Den ksc.hr.  d.  Wien.  Acad.,  1849,  I.; 
Wochenbl.  der  Zeitschr.  d.  Wien.  Aerzte,  1855. — Mkttenheimf.u.  Mull  Arch.,  1850. 
— Steinlin,  Ztschr.  f.  rat.  Med.,  1850,  IX. — Virchow,  Ztschr.  f vrissenseh.  Zool., 
1850;  Wurzb.  Verh.,  V.,  p.  461;  Verb.  d.  Bert.  ties.  f.  Qcburtsh.,  1848,  111.  ; Arch., 
V.,  p.  216 ; VIII.,  p.  871  ; Deutsche.  Klin.,  1859,  p.  196;  Die  krkh.  Geschw.,  I.,  p. 
155. — Lebkrt,  Qaz.  de  Paris,  18-52,  No.  46,  51  et  52  ; Pray.  Yjsch. . 1858,  LX.,  p. 
25. — Martin  (and  Forster),  Ueber  die  Eierstockwassersuchten,  1852. — Meckel, 
Jltustr.  mod.  Zest.,  1852. — GiRALDfes,  Mem.  de  la  sac.  de  chir.,  1854. — Werniier, 
Virch.  Arch.,  1855,  VIII.,  p.  221. — Beckmann,  Virch.  Arch.,  1856.  IX.,  p.  221. — 
Heschl,  Pray.  Vjschr.,  1860,  IV.,  p.  36. — Klebs,  Virch.  Arch.,  XLI.,  p.  1. — Fox, 
Med.- Chirurg.  Transact.,  1864,  XLVII.,  p.  227. — Bottciier,  Virch.  Arch.,  XLIX.,  p. 
297.— Waldkyer,  Arch.  f.  Gyndkol.,  1870,  I.,  p.  252. 

Cysts  are  tumors,  which,  consist  of  an  inclosing  fibrous  sac,  of  simple  or 
very  complicated  structure,  and  lined  by  an  EPITHELIUM  (or  endothelium) 
and  with  more  or  less  fluid  contents.  The  latter  easily  distinguish 
cysts  from  all  other  tumorous  new-formations ; the  former  are  called 
hollow  tumors,  in  contrast  with  the  latter,  the  filled  tumors. 

Therefore  from  the  cysts  are  excluded  : those  spaces  in  connective  tissue  which  are 
filled  with  serous  liquid  ; the  cyst-like  incapsulation  of  foreign  bodies  and  parasites  ; 
the  cyst-like  tumors,  which  consist  of  mucous  tissue.  Bottciier  (Dorp.  med. 
Ztschr.,  1871,  I.  ,4.  II.)  describes  larger  and  smaller  “ cysts  ” in  the  spleen,  which 
had  arisen  from  small  points  of  softening,  dependent  upon  a high  degree  of  lardace- 
ous  degeneration  of  the  arteries.  The  cyst-like  cavities  appearing  in  many  tumors, 
the  contents  of  which  vary,  but  are  for  the  most  part  thin,  serous,  or  mucous,  to 
which  a special  sac  or  cyst  is  wanting,  likewise  do  not  belong  here  ; this  condition  is 
called  CYSTOID  METAMORPHOSIS. 

A small  portion  of  cysts  are,  from  their  first  appearance,  new-fokma- 
tions  : properly  so-called  cystomata.  The  largest  portion  arise  through 
tumorous  accumulation  of  liquid  (transudation,  secretions  of  every  kind, 
mucus,  exudation)  in  natural  or  new-formed  cavities  : so-called  hygroma, 
oedema,  etc.  This  accumulation  of  liquid  is  dependent  upon  various 
causes,  and  of  itself  presents  no  peculiarity  ; it  gives  rise  to  cysts  only  by 
accumulating  in  cavities,  which  are  closed  or  later  become  so.  Hereupon 
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cysts,  on  the  one  hand,  pass  into  dropsies  (e.g. , hydrocele,  spina  bifida, 
hydrencephalocele),  on  the  other  hand,  into  inflammations  (many  cases  of 
hydrocele,  of  cerebral  softening),  as  well  as  into  metamorphoses  (e.r/., 

fiu co us  metamorphosis  of  the  labial  glands,  colloid  metamorphosis  of  the 
hyroid  gland).  But  in  the  greater  number  of*  these  cases  there  is  associ- 
ated with  the  abnormal  accumulation  of  liquid,  etc.,  a new-formation  of  con- 
nective tissue  and  vessels,  and  a new-formation,  or  enlargement,  or  change 
in  form  of  the  epithelial  or  endothelial  cells.  For  this  reason,  but 
especially  from  practical  considerations,  it  is  proper  to  include  cysts  amoug 
the  new-formations. 

Cysts  which  arise  through  new-formation,  as  well  as  those  which  owe 
their  origin  to  a transformation  of  pre-existing  physiological  hollow  spaces, 
in  many  cases  differ  greatly  from  one  another,  in  others  pass  in  many  ways 
into  one  another. 

Cysts  are  of  frequent  occurrence,  and  have  been  found  in  all  organs  and 
tissues. 

A.  With  respect  to  the  origin  of  cysts  there  are  distinguished  : 

1.  Cysts  wluch  proceed  from  the  transformation  of  normal  hollow 
spaces. 

The  hollow  spaces  concerned  contain,  at  the  beginning  of  the  cyst-forma- 
tion, either  a tolerably  indifferent  liquid  (serum,  mucus)  which  in  the 
transformation  of  the  hollow  s|>ace  to  a cyst  suffers  only  slight  changes.  Ot 
their  contents  consist  of  a specific  secretion,  e.g.,  milk,  bile,  urine,  etc.,  or  it 
consists  of  blood.  This  substance  diminishes  with  the  further  development 
of  the  cyst  and  finally  disappears  for  the  most  part  entirely,  while,  at  the 
same  time,  the  liquid  of  the  cyst  is  discharged  from  the  vessels,  or  is  formed 
by  its  epithelium.  The  cells  of  the  epithelium  remain  permanent,  only 
increased  in  number ; or  from  them  complicated  forms  arise  (glands,  hair, 
etc.);  or  they  are  changed,  for  the  most  part  by  becoming  more  fiat.  The 
wall  of  the  hollow  space  is  thickened  (urinary  tubuli,  bile-ducts);  or  it 
increases  almost  always  in  connective  tissue  and  vessels,  and  loses  more  or 
less  completely  its  original  character. 

a.  Cysts  which,  through  enlargement  of  normal,  yet  more  or  less 
closed,  serous  or  mucous  sacs  : the  so-called  dropsy  of  the  bursa'  of  the 
subcutaneous  connective  tissue  (especially  in  front  of  the  patella),  of  the 
muscles,  sheaths  of  tendons  (so-called  ganglion,  hygroma  gangliodes,  tumor 
synovialis,  especially  on  the  back  of  the  hand,  palm  of  the  hand,  dorsum  of 
the  foot),  of  the  synovial  sheaths  (so-called  synovial  ganglion  or  hydrocele 
articulans),  of  the  sublingual  mucous  glands,  hydrocele  vaginalis.  Also 
cysts  arising  in  old  hernial  sacs  (hydrocele  lierniosa,  hydrorrhachis  externa, 
hydrencephalocele,  etc.)  belong  hero.  Many  include  here  also  common 
hydrocele  (accumulation  of  non-inflammatory  liquid  in  the  tunica  vaginalis 
of  the  testicle),  which  is  warranted  only  in  so  far  as  it  forms  a distinct 
tumor.  In  all  these  cases  there  occurs  an  increased  secretion  of  liquid  or  a 
diminished  absorption  of  it  (diseases  of  the  lymphatic  vessels)  or  both. 

Mucous  sacs  occupy,  for  the  most  (»art,  an  intermediate  position  between  physiolo- 
gical and  pathological  formations.  They  arise  most  often  in  the  superficial  or  deep 
subcutaneous  connective  tissue,  over  parts  where  the  skin  is  exposed  to  irritations  or 
strong  frictions  (in  front  of  the  patella,  where  not  infrequently  there  are  two  mucous 
sacs  overlying  one  another,  over  the  spinous  process  of  the  seventh  cervical  vertebra, 
in  front  of  the  prominence  of  the  thyroid  cartilage,  in  front  of  the  hyoid  bone,  over 
exostoses,  growing  bone-callus,  etc.).  Their  mode  of  origin  is  not  certainly  known, 
they  have  for  the  most  part  no  endothelial  covering. 

b.  Cysts  which  arise  through  distention  of  closed  follicles  (in  con 
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sequence  of  hyper-secretion  of  the  liquid  of  the  follicles  (so-called  dropsy), 
or  of  mucous  metamorphosis  of  the  epithelium),  for  the  most  part  with 
hypertrophy  of  the  wall  of  the  follicle : from  the  Graafian  follicles  of  the 
ovaries,  from  which  many  for  the  most  part  smaller,  and  according  to  many, 
all  ovarian  cysts  have  their  origin,  and  from  the  corpora  lutea,  also  from 
the  follicles  of  the  thyroid  gland,  the  Malpighian  bodies  of  the  kidneys, 
etc. 

The  proof  that  many  ovarian  cysts  arise  from  the  Graafian  follicles,  is  afforded  by 
the  discovery  of  ova  in  the  cysts  (Rokitansky  and  others).  Klein  ( Virch.  Arch., 
XXXVII. , p.  ,<504)  demonstrated  the  origin  of  renal  cysts  from  degenerated  Bowman’s 
capsules:  they  contained  gelatinous  masses  of  varying  size,  in  which  were  fat  gran- 
ules, various  crystals,  calcareous  grains,  and  crystals  of  cholesterin ; the  vascular 
loops  showed  various  degrees  of  retrograde  formation,  often  with  increase  of  nuclei. 
According  to  Rindfleiscii  (Lchrb.,  1874,  p.  456),  congenital,  sometimes  very  nume- 
rous renal  cysts,  arise  from  the  Malpighian  bodies. 

c.  Cysts  which  are  formed  by  transformation  of  mucous  membrane 
CHANNELS.  These  occur  for  the  most  part  from  catarrhs  with  consecutive 
contraction  or  complete  closure  of  the  excretory  ducts ; in  consequence  of 
their  closure  by  inspissated  mucus,  calculi,  cicatrices,  etc.  Here  belong  the 
so-called  false  or  sacculated  dropsies : dropsy  of  the  gall-bladder,  hydrome- 
tra,  dropsy  of  the  Fallopian  tubes,  dropsy  of  the  vermiform  process,  renal 
dropsy  (hydro-nephrosis),  dropsy  of  sacculated  bronchiectaske.  All  these 
cysts  at  the  beginning  contain  the  common  secreted  matter,  but  later  for 
the  most  part  no  trace  of  the  original  contents  of  the  cavity,  but  usually  a 
serous  or  sero-mucous  liquid ; the  formerly  cylindrical  epithelium  is  for  the 
most  part  transformed  into  pavement  epithelium ; the  mucous  membrane 
becomes  like  a serous  membrane. 

d.  Cysts,  which  arise  from  complete  closure  of,  accumulation  of  se- 
cretions within,  etc.,  the  ducts  beyond  and  within  the  glands,  or  even  in  the 
acini : so-called  retention-cysts.  The  causes  of  these  cyst-formations  are 
in  part  pressure  from  without,  contraction  by  foreign  bodies  (concretions, 
etc.),  inflammation  through  formation  of  cicatrices,  valvular  formations ; in 
part  the  causes  are  unknown.  Here  belong  comedones,  milia,  and  atheroma 
of  the  external  surface  of  the  body,  which  arise  through  accumulation  of 
the  secretion  of  the  hair  follicles  or  of  the  sebaceous  glands,  or  of  both  at 
the  same  time,  and  through  further,  in  part,  complex  processes ; the  rarer 
atheromata  of  the  mucous  membrane  of  the  mouth,  especially  of  the  hard 
palate ; those  of  the  lacunae  of  the  tonsils ; mucous  cysts  (or  hydatids)  of 
the  longer  mucous  glands,  especially  those  of  the  uterus,  stomach,  large  intes- 
tine, urinary  bladder,  female  urethra,  antrum  of  Highmore,  larynx,  etc. ; cysts 
of  the  bile-duct;  also  many  cysts  of  the  mamma  (so-called  involution-cysts), 
of  the  salivary  glands,  especially  the  sub-maxillary  (ranula),  of  the  glands 
of  Bartholin,  of  Cowper’s  glands,  peptic  glands,  testicles,  kidneys,  especially 
the  pyramids  and  pelves,  finally  the  rare  cysts  of  the  decidua  vera.  This  is 
true  of  the  metamorphosis  of  the  original  glandular  contents  and  glandular 
epithelium  as  well  as  in  c. 

On  the  (inconstant)  glands  of  the  pelvis  of  the  kidneys,  consult  Unruit  (Arch.  d. 
He  ilk.,  1872,  XIII.,  p.  289)  and  Egli  (Arch.  f.  micr.  A>uit.,  1873,  IX.,  p.  653). 

e.  Cysts  which  arise  from  bloodvessels,  especially  veins,  or  from  lym- 
phatic vessels  (haemato-  and  lympho-cystides).  These  contain  either  the 
former  contents,  or  a serous  liquid.  They  arise  at  ono  time  through  constric- 
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tions  in  the  course  of  a vessel  (vena  saphena  1)  mphatic  v essels  of  the  neck), 
at  another  time  through  sacculated,  aneurismal  or  varicose  dilatations  with 
final  constriction  of  the  pedicle  (cranial  sinus) : in  both  cases  there  follows 
in  the  constricted  sac  a further  secretion  ot  serum,  etc. 

Kleiis  (Tldb.  d path.  Anat.,  p.  05)  describes  lymph-cysts  of  the  skin,  which  pro- 
ceed from  dilatation  and  constriction  of  the  lymphatic  vessels.  They  were  provided 
with  a thin  membrane-like  serous  membrane,  which  was  smooth,  glistening  and.  at 
least  in  one  case,  covered  with  a flat  epithelium.  Later  on,  vascular,  villous  and 
warty  formations,  which  occasion  bamiorrhages,  may  appear  on  their  internal  surface. 

f.  C'ysts  which  arise  in  consequence  of  arrested  de\elopment  oi  fqstal 
organs:  cysts  on  the  spermatic  cord  (remains  of  the  processus  vaginalis), 
those  on  the  Fallopian  tubes  and  in  the  broad  ligament  (remains  of  the 
parovarium,  Wolffian  body  and  duct,  Mullers  duct)}  the  so-called  Mor- 
gagnian hydatids  on  the  testicles;  perhaps  also  the  cysts  occurring  on  the 
epididymis,  as  well  as  many  cysts  on  the  surface  of  the  liver,  near  the  liga- 
mentum  suspensorium  (which  constantly  have  a ciliated  epithelium),  the 
congenital  serous  cysts  or  hygromata  and  dermoid  cysts  of  the  cellular  tissue 
on  the  neck  and  back. 

The  cysts  in  the  first  portion  of  the  spermatic  cord  (so-called  hydrocele  cystica  funi- 
culi spermatid)  arise  probably  from  the  so-called  corjms  uimmiinatum  (GiRALDfes),  a 
remains  of  the  Wolffian  body  and  analogue  of  Rosenmiiller's  organ  in  the  female. 
Here  belongs  also  the  very  rare  origin  of  cysts  in  the  urachus  through  further  growth 
of  the  frequently  persistent,  broad  or  pedicled  dilatations,  or.  through  further  growth 
of  parts  of  it.  remaining  partially  open  (Lcscuka,  V treh.  Arch.,  XXIII.,  p.  1. — Hoff- 
mann, Arch.  d.  Jleilk.,  XI.,  p.  873). 

The  deeper  atheromata  of  the  neck  are  retention-cysts  of  the  cervical  fissures:*  of 
the  second,  if  they  are  connected  with  the  styloid  process;  of  the  thini,  if  they 
are  situated  on  the  hyoid  bone  and  the  sheaths  of  the  vessels.  (Investigations  of 
Roseh.  He  using  kr,  Virchow,  Scukde.) 

2.  Cysts  which  arise  from  extravasations  of  blood  (so-called  haemor- 
rhagic or  apoplectic  cysts). 

These  cysts  occur,  by  the  formation  of  connective  tissue  in  the  periphery 
of  the  extravasation,  with  or  without  signs  of  inflammation,  which  gradually 
forms  an  inclosed  sac,  on  the  internal  surface  of  which  there  is  produced  no 
endothelium  or  one  similar  to  pavement  epithelium,  and  from  which  the 
blood  is  gradually  absorbed,  leaving  behind  serous  contents,  not  infre- 
quently mixed  with  the  elements  of  the  haemorrhage,  pigment  granules  or 
crystals,  etc.  Cysts  of  this  kind  occur  rarely,  most  often  in  the  brain, 
more  rarely  under  the  skin,  between  the  muscles,  under  the  periosteum 
(cephalhaematoma)  and  perichondrium  (othamiatoma),  on  the  extremities  of 
fractures,  in  the  ovary  (cystic  degeneration  of  the  corpus  luteum),  in  the 
uterus  (polypous  lnematoma),  in  the  kidneys,  etc. ; not  infrequently  also  in 
the  blood  coagu la  of  the  new-formed  vascular  connective  tissue  of  the  in- 
ternal layer  of  the  dura  mater  (so-called  haematoma  of  the  dura  mater). 
(See  p.  220.) 

3.  Cysts,  which  are  products  of  primary  origin  : cystomata  proper. 

These  cysts  proceed  either  from  connective  tissue,  or  analogous  cor- 
puscles. The  latter  increase  by  division  or  endogenous  growth,  so  that 
there  arises  a sharply  defined  mass  of  young  cells.  The  most  external  cells 
form  the  capsule  of  the  future  cyst,  into  which  vessels  probably  grow  from 
the  surrounding  structures ; the  cells  immediately  adjacent  become  the  epi- 

* Consult  Dalton,  Human  Physiology , 1875,  p.  780. — [Ed.J 
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thelium  of  the  cyst;  the  most  internal,  and  most  of  the  cells,  undergo  a 
serous  or  colloid  metamorphosis,  the  product  of  which  becomes  the  con- 
tents. Here  belong  perhaps  many  cysts  in  the  ovary,  many  cysts  in  gran- 
ular kidney,  many  cysts  of  the  thyroid  gland,  bones,  parenchymatous 
organs,  etc.,  many  dermoid  cysts  separated  from  the  skin;  probably  a num- 
ber of  the  c\  sts  in  new-formations  (fibroma,  enchondroma). 

Many  include  in  new-formntion  cysts  also  those,  where  in  consequence  of  atrophy 
in  some  places,  there  results  a hernial  protrusion  of  a synovial  membrane  or  sheath 
of  tendons,  which  later  grows  by  secretion  of  liquid  and  new-formatiou  of  vascular 
connective  tissue  and  endothelium  ( kgste  peri-art icuiaire — hygroma  and  meliceris). 
Others,  with  equal  right,  include  these  among  the  cysts  formed  by  constriction. 

Or  cystomata  are  products  of  true  EPITHELIUM.  Here  belong  probably 
most  cases  of  ovarian  cysts.  The  epithelium  of  the  wall  of  a Graafian  folli- 
cle increases  and  sends  into  the  limiting  stroma  protrusions  comparable 
to  the  foetal  pouches,  which,  by  colloid  metamorphosis  of  the  central  cells, 
and  constriction,  become  cysts.  The  latter  gi-ow  to  a varying  size,  and  then 
the  same  process  is  repeated  in  them. 

Thus  most  ovarian  cysts  arise  not  from  common  ovum -bearing  Graafian  folli- 
cles (see  p.  506),  but  from  the  more  embryonic  forms  of  the  epithelium  of  the  ovary, 
similar  to  Plliiger’s  pouches,  which  are  not  transformed  into  normal  follicles,  but 
from  the  beginning  into  cystomata. 

According  to  Waldeykr,  there  are  two  possibilities,  which  explain  the  occurrence 
of  epithelial  accumulations  in  the  ovary  of  adults.  Either  the  first  beginnings  of 
cystomata  must  be  dated  back  to  an  early  period  of  development : this  is  supported 
by  the  occurrence  of  small  cystomata  already  in  the  new-born,  and  the  occurrence  of 
larger  ones  at  a comparatively  early  age.  Or  there  still  arise  after  the  period  of 
foetal  life  and  after  maturity,  embryonic  forms,  beginning  follicular  formations  in 
the  ovary : this  is  shown  by  microscopical  observation. 


There  probably  occur  also  many  subcutaneous  dermoid  cysts  and  athero- 
mata  through  simple  inversion  of  the  epithelium  of  the  skin,  especially 
through  constriction  of  the  epidermal  process  forming  the  future  hair-folli- 
cle. The  atheromata  are  therefore  to  be  regarded  as  arrested  formations  of 
the  hair-follicle.  In  dermoid  tumors  situated  at  a distance  from  the  skin, 
the  closing  of  the  abdominal  cavity  during  fcetal  life  becomes  a matter  for 
consideration. 

The  occurrence  of  dermoid  tumors  in  the  ovary  can  be  explained  by  this,  that  the 
primitive  ducts  of  the  renal  and  sexual  organs  are  not,  as  has  been  assumed  hitherto, 
derived  from  the  middle,  but  from  the  upper  germinal  layer.  (His,  Arch.  f.  ink /me. 
Aunt..  1865,  I.,  p.  151.)  According  to  Waldeykr,  these  cysts  are  formed  similarly 
with  those  above  mentioned  ; but  the  new-formed  epithelium  assumes  an  epidermoi- 
dal  character. 

According  to  W.  Fox,  cysts  arise  in  papillomata  and  epithelial  cancers  by  the 
growing  together  of  the  papilla;. 

Of  a series  of  cysts  there  are  some,  of  which  the  origin  has  not  yet 
been  demonstrated : thus  of  all  more  rarely  occurring  large  cysts  and  cys- 
toids  of  the  so-called  anomalous  mucous  burs®  ( bursce  mucoscc.  prce-ossece) 
over  the  spines  of  the  vertebra;,  amputation-stumps,  luxated  and  unreduced 
bones,  club-feet,  etc. 

The  same  holds  true  of  the  so-called  heterologous  ciliated  cysts,  those  which 
arc  found  in  parts,  in  the  vicinity  of  which  ciliated  epithelium  nowhere  occurs  ; e.g., 
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in  the  abdominal  wall  over  the  umbilicus,  between  the  muscles  and  peritoneum,  in 
the  oesophagus,  etc.  < Wvss,  1 irch.  Arch.,  LI.,  p.  143.) 

Winckel  (Arch.  f.  Qyimkol. , 1871,  II..  p-  383)  furnishes  a group  of  cases  of  cysts 
of  the  vagina,  and  describes  a colpo-hypcrplatui  cyxtica  occurring  in  the  pregnant 
state. 

Rindfleisch  (Lehrh. , 1873,  p.  481)  derives  a form  of  ovarian  cystoid  from  a col- 
loid degeneration  of  the  > itrormi  ovoru.  He  calls  it  softening-cyst. 

The  origin  OF  new  cysts  occurrs  either  at  a distance  from  the  old  cysts, 
and  then  possesses  no  peculiarity;  or  in  their  wall.  In  the  latter  case,  as 
well  as  when  cysts  are  developed  immediately  beside  one  another,  they  often 
penetrate  by  their  further  growth  into  the  cavities  of  the  old  or  primary 
cysts,  which  sometimes  are  tilled  by  one  or  many  secondary  cysts  of  the 
same  kind.  In  the  wall  of  these  secondary  cysts  new  (tertiary)  cysts  may 
again  arise,  etc.,  whereby  the  structure  of  such  compound  cysts  becomes 
almost  inextricable.  Or  cysts,  which  arise  by  side  of  older  cysts  or  even  in 
their  wall,  open  by  their  further  growth  into  the  cavities  of  the  old.  If 
merely  one  young  cyst  be  present,  then  there  will  arise  a simple  hole  of  vary- 
ing size ; if  several  or  very  many  of  these  la*  found,  the  old  cyst  will  bo 
perforated  like  a sieve. 

The  growth  of  cysts  has  in  individual  cases  not  yet  been  closely  followed. 
It  is  usually  slow. 

B.  The  contents  of  cysts 

vary,  especially  with  the  mode  of  origin,  in  part  also  with  other  influences. 

Serous,  mucous,  and  colloid  cysts 

allow  the  character  of  their  contents  to  be  easily  recognized ; only  some- 
times are  transition  steps  met  with,  between  the  three  kinds  of  cvsts. 
Besides,  with  the  exception  of  the  contents,  they  have  in  general  similar 
properties. 

The  sac  consists  of  connective-tissue  fibres  or  connective-tissue  bundles, 
which  for  the  most  part  are  firmly  felted  to  one  another,  within  condensed 
into  a kind  of  homogeneous  surface,  without  for  the  most  part  existing  as 
looser  tissue,  and  of  vessels  in  varying  number.  It  is  usually  a sac 
easily  removed  ; rarely,  it  consists  of  simply  atrophic  tissue  and  is  not 
removable.  In  the  colloid  cysts  of  the  ovary  the  cyst-wall  consists  of  two 
distinct  layers : an  external  dense,  fibrous  layer  poor  in  cells,  and  a smaller, 
cellular,  and  vascular  layer. 

'lhe  internal  surface  is  always  covered  with  epithelium,  which  exists 
for  the  most  part  in  a single,  rarely  in  many  layers,  is,  with  serous  contents 
for  the  most  part,  flat  and,  according  to  the  place  of  origin  of  the  cyst, 
epithelial  or  endothelial  in  character,  but,  with  mucous  or  colloid  contents, 
is  almost  always  cylindrical,  sometimes  also  ciliated.  New-foraaation  cysts, 
the  so-called  cystomata,  show  still  farther  complications  of  structure,  which 
are  best  known  of  the  ovarian  cysts.  In  so-called  glandular  cystoma  in- 
versions occur  into  the  cyst-wall,  and  all  transitions  of  such  inversions  to 
true  glands,  and  of  these  again  to  cysts.  New-formed  glands  may  likewise 
furnish  epithelial  inversions,  etc.  In  so-called  papillary  cystoma  there 
arise  on  the  internal  surface  of  some  or  of  all  parts  of  it  simple  or  arbori- 
torm,  mostly  vascular,  papillary  excrescences  of  varying  size,  which  some- 
times fill  the  whole  cavity  of  the  cyst  or  even  break  through  this  and  grow 
into  the  abdominal  cavity. 

I he  contents  of  the  cysts  arc  rarely  without  solid  constituents;  they 
mostly  contain  scanty  or  abundant  separated  epithelial  cells,  which  not  in- 
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frequently  undergo  fatty,  mucous,  or  colloid  metamorphosis,  sometimes 
single  blood-  or  mucus-  or  pus-corpuscles;  rarely  other  substances,  e.q ., 
spermatozoa  (hydrocele  spermatica  or  spermatocele).  The  cyst-contents  are 
sometimes  only  transudations,  sometimes  partly  transudation,  partly  pro- 
ducts of  the  metamorphosed  epithelium.  Many  ganglions,  especially  those 
on  the  flexors  of  the  fingers,  contain  so-called  corjmscula  oryzoidea,  which 
sometimes  arise  from  constricted,  polypous  formations  of  the  internal  sur- 
face, sometimes  products  of  coagulation  of  the  contents. 

The  contents  of  ganglions  are  a peculiar,  gelatinous,  tenacious  secretion  (melice- 
ris) ; it  is  neither  an  albuminous  nor  a gelatinous  body,  but  a kind  of  synovial  or 
colloid  substance  ; it  is  very  similar  to  the  soft  substance  which  is  found  in  the  inter- 
vertebral cartilages  of  children  (Virchow).  According  to  Hoppe-Skyler  ( Virch . 
Arch .,  XXVII.,  p.  1593)  the  liquids  of  cystic  goitre,  as  well  as  those  of  multilocular 
ovarian  tumors  show  a composition  varying  with  the  size  of  the  cavities.  In  the 
smaller,  usually  little  or  no  albumen  is  found,  but  only  a small  quantity  of  a material 
like  mucin,  while  the  large  mostly  contain  very  much  albumen  in  concentrated  solu- 
tion. The  mucous  contents  of  ovarian  cysts  have  sometimes  more  the  properties  of 
mucin,  sometimes  those  of  albumen,  or  of  par-  and  metalbumen  (Wai.deyeu). 

Blood-cysts, 

i.e.,  cysts  which  are  filled  with  liquid  blood  (not  incapsulcd  extravasations), 
are  very  rare,  occur  especially  in  external  parts,  and  histologically  have 
been  but  little  investigated. 

The  rare  dilatations  of  vessels  with  cyst-like  form,  but  still  communicating  with 
the  vessel,  as  e.g.  Demme’s  extra-cranial  blood-cysts  communicating  with  the  cranial 
sinuses,  also  the  small  aneurisms  occurring  especially  often  in  vascular  tumors, 
finally  the  haaraorrhagcs  occurring  in  pre-cxistent  serous  sacs  (tunica  vaginalis  of  the 
testicles,  etc.),  or  in  already  existing  cysts  with  contents  of  other  kinds,  do  not  belong 
here.  (See  p.  507.) 

Deioioid  cysts  in  the  broadest  sense 
consist  of  a fibrous  vascular  sac,  but  which  plays  the  rt>le  of  the  skin  or 
derma.  On  this  account  these  cysts  also  may  be  included  among  the  new- 
formations  of  the  skin,  which  occur  in  form  of  cysts.  The  essential  element 
is  the  epithelium  on  the  internal  surface  of  the  sac.  It  is  everywhere 
present  or  only  here  and  there,  resembles  that  of  the  skin  of  the  new-born, 
consists  of  rete  Malpighi  and  epidermis,  and  it  undergoes  continuous  regen- 
eration, whereby  the  thrown-off  epidermal  scales  must  accumulate  in  the 
cavity  of  the  cyst.  To  this  are  added  for  the  most  part  still  further  pro- 
ducts of  the  internal  surface  of  the  cyst.  This  surface  is  sometimes  smooth, 
sometimes  it  supports  a varying  number  of  for  the  most  part  irregularly 
formed  papilke  of  varying  size.  In  the  corium  hairs  also  are  uniformly  dis- 
tributed or  only  in  places,  which  hairs  sometimes  resemble  wool,  some- 
times the  hair  of  the  pubes,  sometimes  that  of  the  head,  and  are  almost 
always  accompanied  by  sebaceous  glands.  These  glands  are  found  some- 
times independently  of  the  hairs.  In  both  cases  their  fatty  secretion  like- 
wise accumulates  in  the  cavity  of  the  cyst.  The  occurrence  of  sweat-glands 
in  the  cyst-wall  is  much  more  rare. 

The  so-called  atheroma,  encysted  tumor  (in  the  narrower  sense), 
contains  a grayish  white,  grayish  or  dirty  rod  or  brownish  mass,  which 
varies  in  consistence,  sometimes  liquid,  sometimes  like  gruel,  sometimes 
crumbling  (not  infrequently  with  isolated  small,  irregularly  formed,  more 
solid  lumps),  after  evacuation  of  which  the  internal  surface  appears  smooth 
or  irregularly  fissured,  soft  or  of  horny  hardness,  homogeneous  or  lami- 
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nated.  The  atheromatous  contents  consist  of  epidermal  cells,  which  are 
rarely  normal,  with  or  without  a nucleus,  for  the  most  part  lamellated, 
simply  atrophic  and  much  broken  up,  sometimes  are  also  round,  and  lie 
separate,  or  are  concentrically  laminated  ; also  they  consist  of  the  abundant 
remains  of  these  cells,  of  free  nuclei,  of  variously  abundant,  fine  and  large 
fat-globules,  free  or  still  inclosed  in  the  cells,  often  of  crystals  of  choles- 
terin.  and  not  infrequently  of  little  fine  hairs.  The  most  internal  portions 
of  the  wall  contain  the  same  epidermal  cells  in  simple  contact,  or  arranged 
in  concentric  lamellffl.  Next  to  the  fibrous  membrane  (the  corium)  there 
is  found  an  arrangement  and  character  of  the  cells  similar  to  those  of  the 
rete  Malpighi.  The  corium  itself  (so-called  pericystium)  is  for  the  most 
part  thin,  rarely  thick,  usually  without  papillae,  but  contains  quite  rarely, 
and  then  for  the  most  part  small,  but  numerous  hair-  and  sebaceous  glands. 
Through  further  metamorphoses,  especially  inflammation  of  the  cyst-wall, 
haemorrhages  of  it,  calcification  of  its  contents,  these  tumors  may  assume  a 
varied  appearance.  Atheromata  are  situated  most  often  in  the  subcutane 
ous  connective  tissue,  especially  of  the  scalp  and  scrotum ; in  the  interior 
of  the  body  they  are  more  rare.  Atheromata,  not  infrequently  occurring 
in  the  tonsils,  behave  in  essentially  the  same  manner. 

Nearly  related  to  atheromata  is  the  so-called  molluscum  sebaceum  s.  contagiosmm, 
a peculiar  wart-like  tumor  of  the  skin,  which  arises  by  distention  of  the  selmceous 
glands  with  secretion  and  their  projection  on  the  surface  of  the  skin.  Bateman, 
Cazknave,  B vbeNspruhg,  V mellow  and  others  believe  in  the  infectiousness  of 
this  tumor. 

The  so-called  cholesteatoma 

consists  of  a for  the  most  part  thin  capsule  and  of  contents  which  are  uniform 
at  the  centre  and  in  the  periphery,  pure  white,  shining,  like  stearin  or  sper- 
maceti, of  a fatty  feeling,  not  liquid,  and  which  often  to  the  naked  eye 
shows  a lamellated  arrangement.  Under  the  microscope  there  is  observed 
as  the  chief  element  of  the  contents  very  delicate,  flat,  for  the  most  part 
non-nuclear  cells,  of  a round  or  for  the  most  part  polygonal  form ; these 
usually  lie  in  contact  and  at  the  point  of  contact,  often  show  an  altogether 
uniform  Ringle  row  of  small  fat-globules.  Besides,  there  often  occur  small 
hairs,  sometimes  also  crystals  of  cholesterin.  The  sac  consists  of  the 
same  fibrous  substance  as  that  of  atheroma,  and  sometimes  contains  hairs. 
Its  internal  surface  shows  sometimes  a distinct  rete  Malpighi,  sometimes  no 
trace  of  it.  Cholesteatomata  occur  sometimes  in  the  subcutaneous  cellular 
tissue,  rarely  in  internal  organs,  most  often  in  the  pia  mater  of  the  brain. 

Most  probably  there  are  many  cholesteatomata  which,  not  connected  with  true 
epithelium,  are  to  be  explained  as  arising  from  endothelial  growth  of  the  con- 
nective tissue,  of  the  meninges,  bones,  etc.  * 

Fat-  and  oil-cysts,  dermoid  cysts  proper,  consist  of  a for  the  most 
part  thick  sac  and  a grayish,  yellow  or  yellowish  green  contents  similar  to 
oil,  butter,  or  solidified  fat.  Their  wall  everywhere,  or  in  separate  circum- 
scribed points,  lias  a cutis-like  structure  : it  consists  of  epidermis,  which  is 
abundantly  exfoliated  and  forms  the  contents,  of  rete  Malpighi,  and  of  a 
corium  with  or  without  papillie,  as  well  as  of  longer  or  shorter  hairs. 
Besides,  the  internal  surface  shows  not  infrequently  numerous  very  small 
openings,  from  which  on  lateral  pressure  there  exudes  a sebaceous  mass. 
1 hose  openings  correspond  to  the  wide  months  of  the  mostly  very  large 
sebaceous  glands,  otherwise  like  the  normal  glands,  the  secretion  of  which 
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together  with  scales  of  epidermis,  form  the  contents  of  the  cavity  of  the 
cysts ; from  the  openings  there  not  infrequently  emerges  a hair ; more 
rarely  the  sebaceous  glands  are  small  and  undeveloped  in  proportion  to  the 
hair.  Sweat-glands  are  sometimes  present  in  cysts  of  this  kind,  mostly  in 
much  fewer  number  than  the  sebaceous  glands,  sometimes  they  are  wanting. 
Their  structure  wholly  resembles  that  of  the  normal  glands.  Under  tho 
layer  forming  the  corium  there  not  infrequently  lies  a distinct  panniculus 
adiposus.  Many  cysts  finally  contain  in  their  wall  cartilage,  or  bone,  or 
teeth,  some  even  warts  or  condylomata,  or  cutaneous  horns.  Dermoid  cysts 
proper  occur  most  often  in  the  ovary,  very  rarely  in  the  testicles,  skin 
(especially  in  the  region  of  the  temple  and  eyes),  pleurae,  lungs,  mesentery, 
brain,  uterus,  etc.  They  are  probably  always  congenital.  They  are  mostly 
simple  cysts,  or  concern  almost  always  only  one  cyst  of  a compound  cyst 
tumor.  The  dermoid  cyst  communicates  sometimes  with  common  cysts,  in 
which  case  then  the  latter  may  likewise  be  filled  with  fat  and  hairs. 

C.  Number,  size  and  form  of  cysts. 

The  number  of  cysts  in  an  organ  varies  in  the  highest  degree  : sometimes 
there  are  found  only  one  or  a few,  sometimes  tho  organ  is  occupied  by  an 
infinite  number  of  independent  cysts,  so  that  only  a little  of  its  structure  is 
visible.  In  very  rare  cases  various  tissues  or  organs  show  similar  cysts 
simultaneously. 

(The  author,  Arch.  d.  Iltilk, .,  V.,  p.  02.) 

The  number  of  cysts  found  in  an  organ  is  either  one  ; or  there  occur 
several  or  many  at  the  same  time : so-called  compound  or  multidocular 
cysts,  cystoid.  In  the  latter  case,  the  relation  of  tho  separate  cysts  to 
one  another  varies.  Most  often  there  is  a principal  cyst,  which  partly 
incloses  many  smaller  cysts,  secondary  cysts ; or  the  latter  lie  together  in 
the  wall  of  the  former.  Or  the  tumor  consists  of  cysts,  which  stand  in  no 
such  relation  to  one  another.  Between  these  different  forms  of  cysts  there 
are  again  transitions.  Especially  may  a cystoid  thereby  at  least  apparently 
be  transformed  into  a simple  cyst,  when  by  the  growth  of  the  principal  cyst 
all  the  secondary  cysts  are  compressed  into  microscopical  smallness,  Or  the 
secondary  cysts  open  into  the  principal  cyst  and  thereby  lose  their  inde- 
pendence. 

The  size  of  cysts  is  likewise  variable : from  a microscopic  size  to  that 
which  equals  the  area  of  the  whole  abdominal  cavity.  The  greatest  volume 
is  reached  by  mucous  and  colloid  cysts. 

The  Form  of  cysts  is  almost  always  round  or  rounded  ; other  forms  are 
mostly  dependent  upon  the  surrounding  solid  parts,  or  upon  the  fact  that 
many  cysts  arise  in  a small  space  and  in  their  growth  are  mutually  com- 
pressed. 

D.  The  consequences  of  cysts 

consist,  besides,  in  the  destruction  of  the  tissue  at  the  place  of  the  cyst 
(especially  in  those  of  parenchymatous  organs),  especially  in  pressure  on 
the  neighboring  tissues,  whence  sometimes  inflammatory  irritation  of  them, 
sometimes  true  new-formation  of  tissue  (in  the  skin:  acne  punctata,  a. 
rosacea,  a.  indurata,  molluscum,  acrochordon,  naevus  follicularis,  etc. ; on 
mucous  membranes : catarrh,  partial  or  general  hypertrophy — acne  hyper- 
plastica  colli  uteri,  vesicular  polypi),  sometimes  finally  simple  atrophy. 
The  clinical  importance  depends  especially  upon  the  size  and  number  of  tho 
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cysts,  on  the  importance  of  the  mother-organs,  upon  the  encroachment  upon 
the  surrounding  structures,  on  some  metamorphoses  of  the  cysts.  Cysts  of 
the  ovaries,  of  the  skin,  and  many  congenital  cysts  possess  the  greatest 
practical  importance.  .Some  cysts  of  medium  size,  e.g.,  those  of  the 
ovaries,  as  well  as  numberless  small  and  larger  cysts,  e.g .,  of  the  kidneys, 
are  not  infrequently  without  any  importance. 

E.  Changes  in  cysts. 

Changes  of  the  liquid  of  the  cysts,  so  far  as  these  are  connected  with  the 
life  of  the  cyst,  are  naturally  continual.  Grosser  changes  of  the  contents 
depend  always  upon  demonstrable  alteration  of  the  cyst-wall.  Whether  the 
sometimes  varied  contents  of  the  separate  cavities  of  a cystoid  are  primary 
or  secondary,  cannot  often  be  decided. 

Moderate  haemorrhages  into  the  cavities  of  cysts  with  admixture  of  blood 
with  the  contents  of  the  cyst  and  transformation  of  the  same  into  pigment, 
render  the  contents,  as  well  as  to  the  internal  surface  of  the  cysts,  pale-red, 
chocolate  colored,  or  dark  red.  If  the  haemorrhages  are  larger  (from  veins 
of  the  cyst-wall),  then  for  the  most  jwirt  there  appears  no  pigmentary  meta- 
morphosis of  the  blood.  These  lnemorrhages,  usually  of  traumatic  origin, 
occur  especially  in  subcutaneous,  or  superficial  injuries  of  easily  exposed, 
for  the  most  part  thin-walled  and  serous  or  mucous  cysts:  the  so-called 
haunatoma  pnepatellare,  lnematocele,  the  so-called  blood-cysts  of  the  thy- 
roid gland,  and  of  the  ovaries  (especially  with  a villous  character  of  the 
internal  surface). 

A woman  was  dissected  by  na  who  bore  an  ovarian  cystoid  which  had  been  punctured 
about  sixty  times.  She  usually  stated  before  the  puncture  whether  the  contents  of 
the  cyst  were  clear  or  (from  haemorrhage)  were  colored  red.  The  latter  was  always 
the  case,  if  the  husband  had,  in  consequence  of  domestic  discord,  struck  her  on  the 
abdomen. 


Inflammation  of  the  cysts,  which  is  more  rarely  spontaneous,  more 
often  the  result  of  accidental  external  influences  and  surgical  operations, 
shows  the  usual  inflammatory  changes  of  the  cyst-wall,  and  is  often  followed 
hv  a purulent  effusion  into  the  cavity  of  the  cyst.  The  pus  is  sometimes 
present  in  small  quantity,  sometimes  it  fills  the  whole  cavity  of  the  cvst. 
The  consequences  of  inflammation  of  cysts  are  various  : rarely,  inspissation 
ot  the  pus  with  shrinking  of  the  cyst ; more  often  extension  of  inflamma- 
tion to  the  surrounding  structures,  e g.,  the  peritoneum,  usually  with  fatal 
tei  minution  ; or  jterforation  of  the  cyst  (outward,  in  the  surrounding  mucous 
membranes,  into  serous  sacs). 

! att\  metamorphosis  of  the  epithelium  of  cysts,  in  slight  degrees,  is 
frequent,  and  without  essential  importance.  In  its  higher  grades  the  epi- 
thelium is  thrown  off,  whereby  the  contents  of  the  cyst  become  streaked  or 
uniformly  grayish  yellow  or  yellow.  Also  the  cells  of  the  cvst-wall  may 
suffer  fatty  degeneration. 

Calcification  and  ossification  of  the  cyst-wall  are  of  comparatively 
rare  occurrence,  sometimes  only  in  places,  sometimes  throughout  the  wall 
of  a simple  cyst,  or  in  a part  of  a cystoid,  and  then  is  followed  by  an  arrest 
of  the  growth  of  the  cyst. 

Laceration  and  perforation  of  cysts,  in  consequence  of  externa.' 
force  or  after  inflammation  of  the  cyst-wall ; by  papillary  excrescences. 

.Turning  of  cysts  on  their  axis,  with  strangulation  of  their  vessels, 
only  in  the  hgamentum  ovarii ; in  consequence  of  this,  inflammation, 
haemorrhage,  etc. 
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According  to  Rokitansky  ( OeUr . med.  Jahrb 18G5,  p.  132),  the  turning  and 
strangulation  of  ovarian  tumors  is  not  rare  (8  times  in  58  cases) ; it  occurs  quickly  or 
slowly  ; in  the  first  case  it  is  often  fatal,  but,  as  it  is  so  much  more  frequent  in  the 
second  oiise,  is  tolerated,  and  undoubted  spontaneous  repositions  occur  during  life  ; 
in  consequence  of  the  tolerated  turning  and  strangulation  there  sometimes  results  in- 
volution and  decay  of  the  tumor. 

Spontaneous  shrivelling  or  decay  of  the  cysts,  whereby  their  walls 
become  hard,  dense  and  rigid,  and  the  papillary  growths  of  the  internal 
surface  likewisd  degenerate,  has  been  observed  especially  in  ovarian  cysts 
of  old  women. 

Spontaneous  involution  was  observed  by  ns  in  a boy,  3-4  years  old,  who  had  a tumor 
of  one  mamma,  of  the  size  of  a goose-egg,  consisting  of  cysts  ; as  well  as  once  in  an 
ovarian  cyst  of  the  size  of  the  first,  in  a dead  person. 

The  contrary  is  presented  by  those  cases,  in  which  after  one  or  more 
punctures  of  simple  cysts  there  appear  two  or  more  cysts  of  medium  size  : 
the  considerable  growth  of  the  large  cyst  had  arrested  the  development  of 
the  others,  which  now,  during  the  diminution  of  the  large  cyst  by  evacuation 
of  its  contents,  proceeds  quickly. 

CoM  III  NATIONS  OF  CYST-FORMATION  WITH  OTHER  NEW -FORM  ATIONS  Occurs 
in  many  ways.  The  relations  are  especially  complicated,  if  these  new-for- 
mations,  as  is  most  frequent  in  the  mamma,  grow  into  the  gland-ducts, 
which  have  been  in  no  manner  transformed  into  cysts. 

Also  there  occur  new-formations  of  otitek  PATHOLOGICAL  tissues  on  the 
internal  surface  of  the  cysts  or  in  the  cyst-wall.  There  occur  here,  besides  the 
already  described  origin  of  cysts  in  the  wall  of  old  cysts  (so-called  proliferous  cysts) 
and  the  new-formation  of  papillary  excrescences  on  the  internal  surface  of  the  cysts, 
especially  the  new-formation  of  sarcomatous  substance  (see  Sarcoma)  and  cancer 
(see  Cancer). 


XY.  COMBINED  NEW-FORMATIONS,  MIXED  TUMORS. 

The  terms  combined  or  mixed  new-formations  may  either  be  applied  to 
those,  which  are  composed  of  more  than  one  tissue,  e.g.,  those  of  connective 
tissue  and  vessels.  In  this  sense  must  here  be  included  most  of  the  above  de- 
scribed new-formations,  especially  all  tumors.  Or  they  are  those,  in  the  com- 
position of  which  there  are  two  or  more  of  the  preceding  compound  new- 
formation  or  tumors.  But  in  this  consideration  there  are  many  qualifica- 
tions : since,  1,  e.g.,  many  cysts  in  new-formations  do  not  proceed  from 
the  latter,  but  from  the  normal  organs  or  tissues,  as  is  frequent  in  the 
mamma;  2,  since  e.g.,  an  especially  greater  vascularity  of  a tumor  is  not 
always  to  be  regarded  as  a combination  ; 3,  since  different  stages  of  devel- 
opment of  a tissue  or  tumor  cannot  be  regarded  as  a combined  new-forma- 
tion ; finally,  4,  since  it  is  usually  impossible  to  decide,  whether  two  or 
more  different  tissues  have  arisen  at  the  same  time,  or  whether  one  has 
preceded  the  other. 

The  tissues  and  new-formations  which  are  most  often  combined,  are : 

1.  connective  tissue,  common,  as  well  as  mucous  tissue. 

Common  connective  tissue  determines,  by  its  greater  abundance,  a greater 
density  of  the  tumor,  as  e.g.,  is  observed  in  the  examination  of  the  so- 
called  fibrous  and  cellular  sarcomata,  of  soft  and  hard  cancers  (inmost 
cases). 

Mucous  tissue  occurs  in  various  combinations,  which  have  only  more 
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recently  become  known  : with  common  connective  tissue,  with  cartilagi- 
nous tissue,  cancer,  etc.  Especially  to  be  mentioned  here  is  the  so-called 
mucous  cancroid  (p.  489). 

2.  vessels,  which  by  their  occurrence  in  large  numbers,  furnish  the 
condition  of  the  so-called  teleangiectatic  or  cavernous  degeneration  of  a 
new-formation  (see  p.  374). 

On  so-called  PLEXrPORM  tumors  consult  Verneuil,  Lotzbeck,  and  Bu.lroth- 
Czer.ny  ( Arch.  f.  lilin.  c/tir.,  1809,  XI.,  p.  230).  See  also  VlBCHOW,  Die  krkk. 
G eaefur Mate,  111.,  p.  257. 

Arnold  ( Virch.Areh. , LI.,  p.  441)  describes  a myxo-earcoma  teleangiectodes  cysti- 
cum  of  the  pia  mater. 

A myelogenic  cysto-sarcoma  myxomatodes  of  the  bones  of  the  head  is  described  by 
Scheiber  ( Viren.  Arch.,  LIV.,  p.  285).  Consult  also  Model,  Fail.  v.  gland-id. 
Cynto-sareom  mit  autoynu-m  Atherom.  KrL  />£*».,  1858. 

3.  Cysts,  from  which  arise  the  so-called  cv sto-fi bromata,  cysto-lipomata, 
cysto-enchoudromata,  cvsto-sarcomata,  cysto-adenomata  and  cysto-carcino- 
mata.  Most  of  these  tumors  were  formerly  called  cysto  sarcomata,  in  which 
were  included  evstoids,  tumors  with  simultaneous  cyst-formation  in  the 
mother-tissue,  etc.  They  occur  especially  in  the  mamma,  testicles,  and  sali- 
vary glands. 

In  fact  every  tissue  and  new-formation  may  combine*  with  others,  as 
follows  from  the  above  description  of  the  separate  tissues.  Tubercle  only 
has  never  been  found  as  an  element  of  a mixed  tumor. 

Thus  is  it  also  with  true  mixed  forms  of  sarcoma  and  carcinoma,  ».<?. . tumors,  in 
which  certain  portions  are  sarcomatous,  others  carcinomatous  : sarcoma  cahcinoma- 
Toscm.  In  eases  of  this  kind,  which  occur  especially  in  melanotic  tumors,  the  pro- 
cess more  rarely  is  by  metamorphosis  of  the  already  developed  sarcomatous  into  can- 
cerous elements,  or  by  their  generation ; for  the  most  part,  the  cancerous  elements 
proceed  with  the  sarcomatous  from  the  mother  tissue,  sarcoma  and  carcinoma  grow 
together,  like  two  branches  of  the  same  trunk  (VlBCHOW,  Die  krkh.  Geachte.,  II.,  p. 
181,  370  et  376). 

Finally,  those  cases  of  tumors  are  worthy  of  notice  which  consist  through- 
out of  similar  or  different  tissues.  The  enchondromata  and  dermoid  cysts 
furnish  examples  of  the  simultaneous  occurrence  of  tissues,  which  belong 
together.  Especially  striking,  however,  are  the  cases  where,  e.i/.,  connec- 
tive tissue  in  its  ditferent  forms  and  stages  of  development,  cartilage  and 
bone-tissue,  vessels,  muscular  substance,  cutaneous  tissue,  cysts,  etc.,  some- 
times even  sarcomatous  and  carcinomatous  tissues  are  found  in  the  same, 
tumor.  These  combined  new-formations  seem  to  occur  in  all  tissues  and 
organs;  most  often  in  glands,  especially  the  salivary  glands  (in  the  parotid, 
submaxillnry  glands  and  their  neighboring  structures : combinations  of 
enchoudrotna,  sarcoma  and  myxoma),  glands  of  generation  (testicles  and 
ovaries),  the  mamma?. 

Combined  new-formations  possess  in  general  all  the  properties  of  the  sev- 
eral simple  new-formations  found  in  them.  Their  influence  on  the  sur- 
rounding structures  and  on  the  whole  organism  depends,  not  upon  the 
multiplicity  of  tissues  occurring  in  each  case,  but  especially  upon  the  rich- 
ness of  their  cellular  elements  (sarcomatous  and  carcinomatous  structure). 


PART  FOURTH. 


PATHOLOGY  OF  THE  BLOOD. 

(SO-CALLED  ANOMALIES  OF  TIIE  COMPOSITION  OF  THE  BLOOD  : DY8CRASLE.) 

The  literature  of  special  subjects  will  be  found  under  the  appropriate 
heads.  Of  general  interest  are  the  following  works: 

Hkwson,  Experimental  Inquiries  into  the  Prop,  of  the  Blood . Load.  1774. — 
Thackkaii,  Inquiry  into  the  Nature  and  Properties  of  the  Blood,  1819. — Scudamore, 
Essay  on  the  Blood,  1829. — Stokes,  Pathol.  Ohs.,  I.,  1823. — Nasse,  Das  Blut, 
188(5. — Lecanu,  Etudes  chim.  stir  le  sang  humain . 1837. — Rees,  On  the  Analysis 
of  the  Blood  and,  Urine  in  Health  and  Disease . 1837. — Denis,  Essai  sur  Pajrplic.  de 
la  chiinie,  etc.,  1838. — Maoendie,  Leqons  sur  le  sang  el  les  alterations  de  ce  liquids, 

1838. — Andral,  Essai  d'Ematologie  pathol ..  1848 Scherer,  Chern.  u.  microsc. 

Untersuch.  z.  Pathologic,  1843. — Ancei.l,  Vorles.  iib.  d.  Phys.  u.  Path.  d.  Blutes, 
German  transl.  from  English.  1844. — Zimmermann,  Zur  Anal.  u.  Synth,  r.  Pseu- 
doplast  Process,  etc.,  1840. — Andral  et  (4  AVAR  ret,  I lech,  sur  le  sang,  Aunales  de 
Chetnie  et  de  Physique,  t.  LXXV.,  1840. — Zimmermann,  Ueb.  d.  Analys.  d.  Blutes 
u.  die.  pathol.  Krasehlehren,  1847. — Popp,  Enters,  iib.  die  Zusammensetznng  d. 
Blutes  in  terschied.  Krankh. , 1845. — Bkcquerel  et  Rodikr,  Rech.  sur  In  composition 
dusang,  1844. — Wunderlich,  Pathol.  Phys.  des  Blutes,  1845.—  Schmidt,  Charact  d. 
epid.  Cholera.  1850. — Consult  also  the  numerous  contributions  of  Voit,  Petten- 
KOFER  and  their  pupils  in  the  Zeitschrift  f.  Biologic,  1805-73  : nlso  recent  treatises 
on  physiology,  physiological  chemistry,  general  and  special  pathological  anatomy 
and  pathology. 

The  blood  carries  into  tissues  and  organs  the  substances  necessary  to 
their  activity,  especially  to  their  growth;  and  it  brings  away  from  them 
the  surplus  of  these  substances,  as  well  as  others  which  have  been  produced 
by  functional  activity  of  the  parts.  It  constantly  contains  a number  of 
the  various  products  of  metamorphosis,  in  various  stages  of  their  forma- 
tion. It  is  only  the  arterial  which  (in  similar  animals  at  similar  times) 
lias  an  approximatively  uniform  composition ; whereas  the  blood  contained 
in  veins  varies  more  or  less  in  composition  in  proportion  as  it  cotnes  from 
different  tissues  and  organs ; in  some  localities  it  possesses  more  or  less 
distinct  peculiarities.  This  is  especially  true  of  the  blood  coming  from 
organs  which  have  a clear  functional  connection  with  the  blood  (lungs, 
liver,  kidneys,  intestinal  tube,  etc.),  or  from  those  which  are  the  seat  of 
important  functions  (muscles,  brain,  salivary  glands,  etc.).  In  general 
terms  the  blood  may  be  looked  upon  as  the  focus,  or  middle  point,  of  all 
tissue-metamorphosis. 

Anomalies  in  the  composition  of  tiif,  blood  occur  frequently.  Lesser 
grades  of  these  anomalies  are  either  unknown,  or  have  as  yet  no  practical 
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interest.  The  higher  grades,  the  so-called  dyscrasije,  are  at  least  partly 
better  knowu  sis  well  by  means  of  observations  on  living  and  dead  human 
beings,  as  by  experiments  ou  living  animals. 

The  chief  obstacle  to  the  study  of  so-called  HASMO -PATHOLOGY  is  the  imperfection 
of  our  knowledge  of  the  chemical  composition  of  the  blood.  In  spite  of  numerous 
analyses,  there  are  yet  some  important  substances,  the  so-called  extractives,  which 
have  not  yet  been  Isolated,  or  quantitatively  estimated;  there  are  yet  wanting  exact 
determinations  of  the  amount  of  albumen,  serum,  moist  blood-corpuscles;  the 
estimates  hitherto  mode  of  fibrin  are  unsatisfactory  ; the  characteristics  of  hanna- 
to-crystallin  are  as  yet  but  little  known,  etc.  Furthermore,  we  lack  an  exact 
knowledge  of  the  differences  between  arterial  blood  and  the  venous  blood  which 
escajtes  from  various  organs,  of  differences  in  blood-composition  in  large  bloodves- 
sels and  capillaries,  of  variations  in  the  fasting  state  and  after  taking  food,  etc. 
Lastly,  our  knowledge  of  the  origin  (except  in  the  foetal  state),  regeneration,  and 
destruction  of  blood-corpuscles  is  very  imperfect. 

The  anomalies  of  composition  of  the  blood  which  have  a practical  inter- 
est, occur  in  various  ways : 

1 . All  the  constituents  of  the  blood,  or  one  of  them,  are  not  present  in 
normal  quantity  and  quality;  or  they  escape  from  it  in  abnormal  quantity. 

2.  Certain  elements  of  the  blood  are  not  metamorphosed  in  a normal 
manner;  or  they  aro  not  at  all,  or  not  sufficiently  separated  from  the  blood 
in  the  appropriate  localities. 

3.  Injurious  substances  reach  the  blood  from  without. 

The  causes  of  these  anomalies  are  either  external  influences  (food,  air.  etc.,— 
poisonous  gases),  or  consist  in  diseases  of  various  organs  of  the  body,  especially 
such  organs  as  bear  a relation  to  blood-making  (spleen,  eta),  or  such  as  serve  for  the 
elimination  of  certain  constituents  of  the  fluid  (kidneys,  etc.),  because  these 
diseases  interfere  with  the  entrance  of  substances  necessary  for  nutrition  or  respi- 
ration, or  because  through  these  diseases  poisouous  substance's  are  produced  which 
cannot  bo  made  harmless.  However,  it  appears  probable  that  there  arc  not, 
properly  speaking,  any  primary  anomalies  of  the  blood.  If  we  exclude  un- 
natural external  influence,  we  nearly  always  discover  that  diseases  of  tissues  and 
organs  cause  anomalies  of  the  blood  (solidistic  pathology  as  opposed  to  humoralistic 
pathology).  Nevertheless,  from  a practical  nt:iud|mint  it  is  provisionally  desirable 
to  admit  diseases  of  the  blood : in  view  of  the  generalization  of  the  disorder,  of 
the  appearance  of  some  symptoms  directly  or  indirectly  from  the  blood  (cutaneous 
and  urinary  abnormalities,  etc.),  of  our  greatly  insufficient  knowledge  of  primary 
local  disorders,  etc. 

In  what  follows,  the  various  practically  important  anomalies  of  the  blood  will  be 
treated  oi  without  special  classification.  Intoxications,  properly  speaking,  do  not 
belong  to  this  section. 


I.  ANOMALIES  OF  THE  SIZE  AND  SHAPE  OF  THE  BLOOD  CORPUSCLES. 

Pathology  has  as  yet  profited  but  little  by  our  knowledge  of  changes  in 
the  shape  uml  size  of  red  blood-corpuscles.  In  physiology  it  has  long  been 
known  that  red  blood-corpuscles  assume  a more  globular  shape  and  become 
larger  in  blood  whose  watery  constituents  are  increased,  and  that  removal 
of  the  gases  of  the  blood,  its  treatment  with  alcohol  and  gallates,  act  in  the 
same  manner,  while  the  addition  of  salts  causes  these  bodies  to  shrink  and 
shrivel.  (lor  changes  in  white  corpuscles  see  p.  15li  and  p.  357.) 

Of  how  much  Importance  the  above  changes  may  be,  is  Rhown  by  an  approxi- 
mative determination  of  the  superficial  area  of  blood  -corpuscles.  If  it  be  assumed 
that  the  blood  of  a man  amounts  to  4.400  0.  cent.,  the  blood-corpuscles  will  collect- 
ively present  a surface  equal  to  2.010  square  metres.  If  170  C.  cent,  of  blood  be 
thrown  into  the  lungs  every  second,  the  surface  occupied  by  the  red  corpuscles  in 
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this  quantity  will  be  81  square  metres.  (Welcker,  Arch.  f.  microsc.  Anat ..  1872. 
VIII.,  p.  472.) 

Man  ass  kin  [Med.  Oentralbl . , 1871,  No.  44)  has  investigated  the  changes  in  dimen- 
sion which  red  corpuscles  undergo  under  various  conditions.  The  following  results 
were  obtained  by  more  than  40,000  measurements  made  in  174  animals.  Septicmmic 
poisoning,  and  probably  also  traumatic  fever,  caused  reduction  in  the  size  of  the  cor- 
puscles. The  same  result  was  caused  by  increased  temperature,  and  by  sojourn  of 
the  animal  in  a space  surcharged  with  carbonic  acid  gas.  Means  which  reduced  the 
temperature  of  the  animal  brought  about  an  increase  in  the  size  of  the  corpuscles ; 
this  was  true  of  medium  and  large  doses  of  muriate  of  quinia,  cold,  hydrocyanic  acid 
in  lethal  and  non-lethal  doses,  alcohol  in  intoxicating  doses.  Muriate  of  morphia  and 
oxygen  enlarged  the  corpuscles.  Acute  anaemia  (after  arterotomy)  produced  the 
same  result. 

Lasciikkwitscii  ( Ocst.  med.  Jahrb .,  1871,  p.  425)  observed  in  a case  of  Addison’s 
disease  that  the  red  corpuscles  were  larger,  paler,  and  altered  in  shape  ; they  appeared 
biscuit-,  club-,  or  worm-shaped,  and  sent  out  a number  of  processes  which  were  drawn 
in  again  ; they  showed  constrictions,  and  in  some  places  wore  thus  separated. 

MlCROCYTii.-E.Mr A is  the  name  given  by  Vanlair  and  Masius  (Bull,  de  l' Acad. 
R/njtde  de  Med.  de  IMyique,  1871 ) to  a disease  which  is  chietly  characterized  by  the 
appearance  in  the  blood  of  peculiar  elements  (microcytes).  These  are  small  elements, 
not  exceeding  .003  or  .004  mm.  in  diameter,  brightly  shining,  of  the  same  color  (or 
even  deeper)  as  the  red  corpuscles ; their  surface  is  smooth,  and  they  do  not  aggre- 
gate. At  first,  in  the  cases  observed,  their  number  was  about  equal  to  that  of  the 
red  corpuscles,  but,  increasing  progressively,  reached  the  proportion  of  one  or  two  of 
the  corpuscles  to  one  hundred  microcytes.  As  the  patients  became  convalescents,  the 
microcytes  were  found  to  have  disappeared,  but  all  the  red  corpuscles  were  smaller 
(.000  to  .007  mm.).  The  authors  consider  these  bodies  as  intermediate  forms  in  the 
process  of  shrinking  and  disappearance  of  red  corpuscles.  According  to  their  view, 
the  red  corpuscles  of  the  blood  are  not  wholly  destroyed  in  the  spleen,  but  pass  into 
the  condition  of  microcytos,  whose  complete  destruction  takes  place  in  the  liver. 
Under  normal  conditions,  microcytes,  which  after  their  formation  in  the  spleen  are 
destroyed  in  the  liver,  are  not  at  all  found  in  any  blood  but  that  of  the  vena  porta;, 
or,  if  found,  only  in  very  small  numbers.  The  .authors  consider  the  disease  as  due  to 
increased  activity  of  the  spleen  and  diminished  activity  of  the  liver.  Nedkvetzki 
( Med.  Oentralbl.,  1873,  No.  10)  describes  little  bodies  possessing  movement  in  all 
directions  (blood-nuclei,  hasmococci)  as  constant  ingredients  of  normal  blood.  These 
are  probably  identical  with  Zimmermann’s  “elementary  corpuscles,”  Lostorfer’s 
syphilitic  corpuscles,  etc. 


II.  ANjEMIA  in  general. 

In  practice  we  designate  as  an.emia  several  different  conditions  dependent 
upon  causes  which  cannot  always  be  determined  exactly  during  life,  which 
have  this  in  common,  that  there  is  either  a diminution  of  the  quantity  of 
the  blood,  or  of  the  amount  of  certain  ingredients  of  the  blood  necessary 
for  nutrition  (red  blood-corpuscles  and  albumen).  In  conjunction  with  this 
there  is  occasionally  a positive  or  relative  increase  in  the  amount  of  the 
remaining  constituents  of  the  blood  (water,  white  corpuscles),  so  that  there 
occurs  a transformation  of  anaemia  into  hydrremia,  leucocythromia,  etc. 

True  an.emia,  that  is  to  say,  a condition  in  which  the  amount  of  blood, 
or  the  contents  of  the  bloodvessels,  is  reduced,  does  not  occur,  or  does  so 
only  for  a very  short  time,  after  large  losses  of  blood  ; because  even  during 
the  haemorrhage  there  is,  on  the  one  hand,  a diminution  in  the  amount  of 
fluid  given  off  to  the  tissues  and  lost  with  excretions,  and,  on  the  other 
hand,  an  increased  flow  of  lymphatic  and  of  interstitial  (so-called  parenchy- 
matous juice)  fluids  into  the  bloodvessels,  so  that  the  water  of  the  blood  is 
relatively  increased  at  the  same  time  that  its  blood-corpuscles,  especially 
the  red,  and  its  albumen  are  diminished. 
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1.  ACUTE  AN-EMIA,  OR  OLIG.EMIA. 

The  causes  OF  ACUTE  AN.EMi  v are : abundant  losses  of  blood  after  acci- 
dental wounding  of  arteries  and  veins,  in  large  surgical  operations,  and  by 
bloodletting  ; a number  of  morbid  states  occurring  in  pregnancy,  in  child- 
bed, in  the  puerperal  state;  the  so-called  spontaneous  rupture  of  arteries 
and  veins  in  the  interior  of  the  body  (aneurisms,  perforations  by  ulcers, 
bleeding  from  new-formations,  etc.);  great  muscular  exertions,  etc.  (Com- 
pare p.  212.) 

Ranke  (see  p.  173)  has  observed  a primary  reduction  in  the  quantity  of  the  blood 
after  great  muscular  activity ; by  long-continued,  extreme  (tetanus)  muscular  con- 
traction the  blood  of  the  frog  many  undergo  a primary  redaction  of  2(3  per  cent. 

The  symptoms  of  acute  anaemia  are  best  exhibited  after  haunorrhage  in 
previously  healthy  persons,  or  in  such  as  have  been  ill  but  a short  time, 
and  where  the  How  of  blood  externally  is  not  prevented.  In  persons  who 
have  been  ill  some  time,  and  where  the  blood  is  retained  within  the  body, 
the  symptoms  are  not  rarely  much  less  striking. 

The  phenomena  are  generally  brought  about  by  : on  the  one  hand,  by 
the  diminution  of  the  whole  mass  of  the  blood,  the  reduced  amount  of  red 
blood-globules  and  albumen,  as  well  as  of  the  solid  ingredients  ; on  the  other 
baud,  by  diminution  of  the  blood-pressure.  Tissue-metamorphosis  is  nearly 
everywhere  rendered  less  active  ; its  amount  being  in  direct  proportion  to 
the  quantity  of  blood. 

One  result  of  diminution  of  the  amount  of  blood  by  haunorrhage  is  that 
in  a short  time  the  heart  and  bloodvessels  become  positively  narrower  than 
they  were  before  the  loas  of  blood.  This  true  reduction  in  the  amount, 
together  with  the  allied  concentration  of  the  blood,  are  soon  remedied  by 
the  flowing  in  of  albuminous  parenchymatous  juices  into  the  relaxed  vascu- 
lar system,  or  by  the  removal  of  a greater  quantity  of  the  same  fluid  by 
radicles  of  the  lymphatic  system.  The  same  result  is  also  simultaneously 
favored  by  diminution  of  the  amount  of  secretion.  In  consequence  of  such 
diminution  of  quantity  there  ensue  certain  changes  in  the  blood : the  red 
corpuscles  are  proportionately  diminished,  the  watery  constituents  propor- 
tionately increased,  the  amount  of  fibrin  is  lessened. 

The  phenomena  of  ana«mia,  and  their  explanation  are  known,  in  part,  by  studies  on 
diseased  human  beings,  in  part  confirmed  by  numerous  experiment*.  Compare  the 
various  treatises  on  physiology  and  physiological  chemistry  (Magendik,  Bonders, 
Lehmann  Longkt,  Fmnt,  Jr.),  Volkmarn’s  Hdmodynamik ; M.  Haee.  Oh  Morbid 
hjt'Ctsoj  hm  of  Blood , ISiO;  Bauer,  ZOt.  f.  Bbi.,  1872.  VIII.,  p.  507. 

The  diminution  of  red  corpuscles  after  loss  of  blood  has  been  well  ascertained. 
V ikrokdt  (-IrcA.  f.  pity*.  Hulk.,  1854,  XIII.,  p.  259)  found  them  reduced  to  52  per 
cent  , lii  a rabbit  and  a dog  dying  of  haimorrhage.  Small  bleedings  reduce  the  num- 
ber or  ilood -corpuscles  but  little ; but  with  increased  loss  of  blood  we  have  a dispro- 
portionate reduction.  The  increase  in  watery  constituents  of  the  blood  has  also  been 
demonstrated.  Woltkbsom  (Dondkks,  BU y*.  d.  Mentchen,  I..  p.  1(!7)  observed  that 
alter  tour  bleedings  of  twenty  minutes  each,  the  solid  ingredients  of  the  blood  were 
reduced  to  k .o  percent.,  instead  of  21.7  )>er  cent  before  the  experiments.  Contra- 
ruy,  the  number  of  white  corpuscles  is  not  diminished,  but  relatively  increased  after 
haemorrhage,  because  after  the  loss  of  blood  more  lymph,  with  its  corpuscles,  they  enter 
the  vessels,  and  probably  also  because  the  adhesiveness  of  the  white  corpuscles  makes 
their  escape  difficult,  and  because  superabundance  of  plasma  is  favorable  to  their 
development.  After  very  large  bleedings,  the  white  ami  red  corpuscles  were  about 
equally  numerous  in  the  horse  iMoseek,  Lrukilmie,  p.  104).  The  marked  diminution 
ol  the  fibrin  ha*  been  demonstrated  by  BbOcke.  Contrary  assertions  as  to  the  in 
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crease  of  this  ingredient  are  false,  being  based  upon  the  fact  that  watery,  thin  blood 
coagulates  more  quickly  than  normal  blood. 

The  symptoms  occurring  after  a single  large  loss  of  blood  should  be  ranged 
in  two  categories:  l.  The  phenomena  which  appear  immediately  after  the 
luemorrhage ; 2.  Those  which  are  produced  by  the  consequent  refilling  of 
the  bloodvessels  with  liquid.  As  lias  been  stated,  the  first  symptoms  sub- 
side rapidly  ; those  of  the  second  category  bear  a strong  resemblance  to 
those  present  in  slowly  developed  amentia  (poverty  of  the  blood  in  hsemo- 
globulin  and  albumen,  without  emptiness  of  the  vessels).  This  distinction 
cannot,  however,  at  the  present  time  he  very  thoroughly  carried  out. 

Compare  also  the  consequences  of  extensive  congestive  hypersemia  upon  the  vascu- 
lar system,  and  upon  blood-pressure,  p.  182. 

The  following  are  the  more  usual  special  symptoms  observed  in  antenna 
produced  by  a considerable  loss  of  blood. 

The  external  skin  and  the  visible  mucous  membranes  are  pale,  often 
faintly  translucent  (in  consequence  of  diminution  of  red  blood-corpuscles); 
granulations,  and  even  neoplasms  collapse. 

The  muscular  system,  in  general,  is  less  capable  of  activity,  because  of 
the  loss  of  red  (oxygen-carrying)  blood-corpuscles.  The  external  voluntary 
muscles  of  the  trunk  ami  limbs  are  more  relaxed,  the  patient  is  feeble, 
hardly  able  to  move  a limb  or  to  sit  or  stand  (hence  the  old-time  use  of 
blood-letting  for  the  purpose  of  favoring  the  reduction  of  dislocations  and 
of  hernia,  the  setting  of  fractures,  etc.) ; tin*  movements  are  tremulous.  The 
same  weakness  is  shown  by  the  respiratory  muscles ; hence  the  voice  is 
feeble,  occasional  dyspnoea  (which  is  in  greater  part  due  to  want  of  red 
blood- corpuscles,  and  in  part  is  caused  by  nervous  influence),  and  more 
rapid,  or  occasionally  more  slow  respiratory  movements.  The  cardiac  mus- 
cle is  likewise  weakened,  and  consequently  the  heart’s  impulse  is  weak,  and 
the  heart-sounds  dull ; and,  as  a result  of  this  condition,  especially  feeble- 
ness of  the  mmculi  papUlares  (as  well  as  of  relaxation  of  the  tissue  of  the 
valves),  we  occasionally  have  a systolic  blowing  murmur.  The  involuntary 
muscles  of  the  blood-vessels  partake  of  the  weakness  or  relaxation  ; and 
tho  arterial  pulse,  which  soon  after  the  haemorrhage  is  smaller,  and  a 
little  hard  though  easily  compressed,  soon  becomes,  as  a result  of  the  relax- 
ation of  the  vessels,  larger  and  softer.  The  so-called  venous  murmurs  are 
at  first  produced  by  the  imperfect  filling  of  the  vein  with  blood,  and  are 
caused  later  by  flaccidity  of  the  venous  coats.  At  times  there  is  a cramp- 
like state  of  the  cutaneous  muscles,  the  relaxation  of  which  is  followed  by 
profuse  sweating  (see  p.  1G8). 

The  nervous  system  presents  a series  of  disturbances  which  are  the  con- 
sequences of  impaired  nutrition  by  insufficiency  of  blood,  partly  because 
of  the  reduction  in  the  number  of  red  corpuscles,  and  partly  probably 
because  of  diminished  blood-pressure.  These  symptoms  have  been  in  part 
experimentally  studied.  They  appear  with  so  much  the  greater  force  as 
the  loss  of  blood  is  the  more  sudden.  They  are  characterized  at  first  by 
signs  of  irritation,  then  by  signs  of  paralysis.  Antenna  of  the  cerebrum 
produces  losses  of  consciousness;  a tendency  to  syncope,  especially  when 
the  patient  rises;  and  in  this  posture  even  death  may  ensue.  Ansemia  of 
those  parts  which  are  posterior  to  the  corpora  quadrigemina  causes  only 
spasms  or  epileptoul  convulsions.  Auiemia  of  the  medulla  oblongata 
results  in  great  frequency  of  the  respiratory  movements,  paralysis  of  the 
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vagi,  with  eonsequenji  ra]>id  cardiac  contractions ; only  rarely  the  opposite. 
Amentia  of  the  spinal  cord  is  partly  the  cause  of  weakness  of  the  voluntary 
muscles,  as  well  as  of  disturbances  in  the  reilex  capacity  (frequently  a ten- 
dency to  congestion,  of  the  cheeks  for  example,  as  well  as  of  internal 
organs).  (See  pp.  109-70.) 

General  convulsions  do  not  depend  upon  general  anaimia,  nor  upon  that  of  the 
brain  (including  the  medulla  oblongata),  but  upon  the  stagnation  of  blood  poor  in 
oxygen  and  rich  in  carbonic  acid,  in  the  cerebral  capillaries ; dyspnoea  precedes  the 
spasms  (Rosenthal).  (Vide  infra,  Suffocation.) 

The  organs  of  special  sense  exhibit  a number  of  disturbances  which 
are  the  result  partly  of  anaemia  of  the  cerebral  centres,  partly  of  that  of  the 
terminal  apparatuses  : sight  is  usually  weaker ; patients  complain  of  dark- 
ened vision,  ask  for  more  light;  hearing  is  rarely  dulled,  more  usually  is 
abnormally  acute ; the  sense  of  smell  is  also  occasionally  in  a high  degree 
sensitive  ; common  sensibility  is  lessened. 

The  vascular  system  shows  important  symptoms:  the  pulse-rate  is 
increased ; the  speed  of  the  blood-current  lessened ; the  blood-pressure 
diminished.  The  last  condition  is  quickly  remedied  by  the  influx  of  fluid 
from  the  tissues  into  the  vessels. 

The  increased  rapidity  of  the  pulse  is  in  part  dependent  upon  paralysis  of  the  vagi, 
in  part  upon  the  diminished  fulness  of  the  vascular  system.  In  morbid  conditions 
bleeding  occasionally  causes  a slower  pulse -rate,  especially  in  those  cases  in  which 
blood -lettiug’ brings  about  a redaction  in  the  accumulation  of  carbonic  acid  in  the 
body,  and  causes  a diminution  of  resistance  in  the  bloodvessels,  thus  facilitating  cir- 
culation (Bader).  The  lessened  speed  of  the  blood,  in  spite  of  increased  frequency 
of  the  pulse,  has  been  explained  by  Volkm  ann  ( Die  lhnnodyn* t mik,  p.  197,  p.  227, 
1800).  The  speed  of  the  blood  in  a dog  was  found  to  lie  280  mm.  per  second;  after 
a bloodletting  of  54  grin.,  it  was  259  mm.  ; after  one  of  79  gnu.,  187  mm.;  after 
one  of  8(5.5  grm.,  88  mm.  ; after  one  of  70  grin.,  48  mm.  The  blood-pressure  is 
diminished,  as  lias  often  been  demonstrated  since  Hales  ami  Magkndie.  In  Voi>K- 
M.vxn’s  dog.  above  referred  to,  blood -pressure  sank  from  2,10(5  to  1,657,  1,728,  75(5, 
405,  after  the  various  blood-lettings.  Compare  also  Tauten u 1. 1 m f.h  (Bench.  d.  S. 
Acad.  d.  W'wwn.,  1872.  p.  198).  The  increase  of  blood -pressure  observed  by  Naw- 
HOT/.ky  ( Warech.  Unit.  - Nachr. , 1871.  No.  8)  disappears  very  quickly,  according  to 
Gatzuck.  (Med.  CentralbL,  1871,  No.  53).  The  rapid  compensation  of  the  diminished 
blood-pressure  is  due  to  the  fact  that  after  bloodletting  the  fluids  in  the  extra- 
vascular  tissues  are  under  a higher  pressure  than  the  liquid  in  the  vessels,  and  upon 
the  fact  that  during  inspiration  pressure  in  the  veins  is  negative  (Bauer). 

8.  Nassk  ; V uUmncft. , 1871)  found  that  after  small  as  well  as  large  haemorrhages  in 
(logs,  the  flow  of  lymph  increased  from  10  to  81  per  cent.,  and  when  repeated  blood- 
lettings were  made,  it  was  doubled,  aud  even  more  increased.  At  first  there  was  a 
diminution  in  the  flow,  if  the  coagulability  of  the  lymph  was  increased.  The  water 
of  the  lymph  usually  remained  unchanged  in  amount  after  bloodletting  ; while,  con- 
trarily,  the  fibrin  was  much  diminished,  the  salts  a little. 


The  temperature  of  the  body  is  lessened,  occasionally,  by  l°-2°  C. , 
but  nearly  always  returns  to  the  normal  in  a few  hours.  Patients  are  easily 
chilled,  without  having  actual  chills.  If  there  be  fever,  bloodletting  causes 
a very  temporary  lowering  of  temperature.  This  is  not  caused  by  diminu- 
tion ot  tissue waste  in  the  body,  but  by  increased  loss  of  heat  produced  by  * 
transitory  palsy  of  the  vaso-uxotor  nerves. 

Lpou  the  influence  of  bloodletting  in  febrile  diseases,  consult  Tkaube,  Genam. 
Beil  rage,  1,871,  II.,  p 212. 

In  the  digestive  organs  the  mouth  and  stomach  only  show  distinct 


522 


SYMPTOMS  OF  ACUTE  ANAEMIA. 


symptoms:  there  is  usually  great  thirst,  perhaps  largely  duo  to  dryness  of 
the  pharyngeal  mucous  membrane;  the  sense  of  hunger  is  often  wholly 
gone,  but  may  reappear  in  a few  days ; not  rarely  there  are  observed 
nausea  and  vomiting,  and  occasionally  dysphagia  ; at  times  active  peristaltic 
movements  of  the  bowels,  usually  constipation. 

According  to  Manassein  (Med.  Centralbl 1871,  No.  54),  the  normal  proportion  of 
acids  and  pepsin  is  changed  in  feverish  animals,  and  in  those  who  are  suffering  from 
acute  anaemia,  the  result  of  abundant  and  repeated  bleedings  from  an  artery.  In 
artificial  gastric  juice  prepared  from  feverish  animals,  coagulated  albumen  is  not 
worse  digested,  and  the  fibrin  of  ox-blood  is  often  better  digested  than  in  a similar 
juice  made  from  the  healthy  creature.  In  the  artificial  juice  prepared  from  animals 
in  a state  of  acute  amentia,  albumen  is  not  as  well  digested,  fibrin  nearly  as  well, 
occasionally  better.  The  intestinal  movements  produced  by  anaemia  are  not  (L., 
Mayer  and  Bahcu)  the  result  of  the  anaemia  proper  (reduction  in  size  of  aorta. 
ScuiFK  and  others),  but  are  caused  by  stagnation  of  blood  and  its  consequences. 
(See  p.  187.) 

On  the  side  of  glandular  organs  but  few  certain  symptoms  are  known : 
the  amount  of  urine  and  of  urea  is  increased,  that  of  bile  diminished.  The 
number  of  respiratory  movements  is  lessened,  although  the  amount  inspired 
remains  the  same,  because  the  inspirations  are  decidedly  deeper ; it  is  only 
in  very  great  anaemia  that  the  volume  of  air  inspired  becomes  smaller. 
(See  p.  171.) 

The  so-called  Ciieyne-Stokks’  respiration  is  due,  according  to  Traube  ( Gee. 
Abhandl. , 1871,  II.,  p.  882),  to  insufficient  supply  of  arterial  blood  to  the  medulla 
oblongata. 


The  influence  of  anaemia  on  the  df.structive  metamorphosis  of  the  tissues 
lias  been  the  object  of  several  experimental  and  clinical  contributions.  As 
regards  the  decomposition  of  albumen,  it  seems  increased  both  in  the  satisfied 
and  the  fasting  state. 

In  Bauer's  experiments  there  was  observed  in  a dog  weighing  about  20  kil.,  while 
beiug  fed,  withm  the  first  five  days  after  bleeding,  a daily  excess  of  4.8  grin,  urea  ; 
before  bleeding,  from  32-36.5  grin.  The  remaining  solid  ingredients  and  the  water 
of  the  urine  were  also  increased,  and  yet  the  urine  had  a higher  specific  gravity. 
Similar  figures  were  obtained  in  the  fasting  state  of  the  animal ; though  in  this  case 
the  excretion  of  nitrogen  was  even  greater.  B. , as  well  as  JORGENSEN,  has  observed 
the  same  increase  in  man.  These  results  are  not  explicable  by  the  entrance  into  the 
bloodvessels  of  albuminous  parenchymatous  fluid ; because  the  increase  continues 
for  several  days,  and  because  the  decomposition  does  not  take  place  within  the  ves- 
sels, but  without  them.  Urio  acid  is  not  increased  after  blood-letting  (NaUNYN  and 
RlESS).  Bauer  explains  the  greater  flow  of  water  through  the  kidneys  in  part  by 
the  rather  rapid  re-asceut  of  blood-pressure,  in -part  to  the  more  abundant  excretion 
of  the  products  of  metamorphosis. 

The  destruction  of  fats  (investigated  by  means  of  a respiration  appa- 
ratus) was  lessened,  at  first  only  relatively  to  the  increased  destruction  of 
albumen,  later  absolutely  so;  and  this  is  true  of  the  combustion  of  the 
fats  derived  from  the  food,  as  well  as  of  that  existing  in  the  tissues  or 
►set  free  by  destruction  of  the  albumen.  Exhalation  of  carbonic  acid  was 
not  at  first  materially  altered,  but  after  a while  it  became  reduced  ; the 
quantity  of  water  lost,*  and  that  of  oxygen  absorbed,  were  a little  increased. 

According  to  Bauer,  tissue-metamorphosis  is  about  the  same  immediately  after 
as  before  a loss  of  blood.  Later  accumulation  of  carbonic  acid  in  the  blood  and 
tissues,  and  the  necessary  supply  of  oxygen,  are  checked  by  more  numerous  and 
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deeper  respiratory  movements  (rule  Leucocythaemia).  Still  later,  in  consequence  of 
weakening  of  organs  and  of  the  loss  of  blood,  less  non-nitrogenous  material  is 
destroyed,  whence  less  oxygen  is  needed  and  less  carbonic  acid  given  otf. 

In  consequence  of  the  above  conditions  the  fat  of  food  and  that  pro- 
duced by  the  decomposition  of  albumen  are  deposited  in  greater  quantity. 
The  more  active  decomposition  of  albumen  does  not  alone  affect  the  albu- 
men of  the  nutritive  fluids,  but  that  of  the  organs  as  wrell : hence  the  latter 
often  undergo  a true  fatty  degeneration.  The  greater  the  destruction  of 
albumen,  the  more  abundant  the  deposit  of  fat. 


The  experiments  of  Toi,matsctik»f  (Hoppe,  Med.-chem.  Unirrmch.,  1868,  3 II.), 
in  which  it  was  observed  that  animals  became  fat  after  losses  of  blood,  confirm  the 
above  statements  of  BaUKU.  A number  of  pathological  observations  likewise  poiut 
to  a connection  between  fatty  deposit  and  deficiency  of  blood.  After  copious  and 
repeated  blood-letting  there  is  often  observed  a considerable  development  of  abdomi- 
nal fat.  Many  cattle-breeders  increase  the  productiveness  of  their  milch  cows,  or 
the  fattening  of  animals,  by  occasional  bleedings.  Chlorotic  girls  occasionally  become 
very  fat. 

All  these  phenomena  vary  according  to  the  amount  of  blood  lost,  accord- 
ing to  the  suddenness  with  which  the  loss  takes  place,  according  to  indi- 
vidual peculiarities,  according  to  the  preceding  condition  of  health, — even 
according  as  to  whether  the  bleeding  take  place  externally  or  internally, 
and  in  the  latter  cane  as  to  whether  the  blood  is  removed  without  mechani- 
cal help  (in  the  cranial  and  spinal  cavities,  pericardium  and  other  serous 
cavities,  etc.). 

The  AMOUNT  OF  BLOOD  WHICH  A HUMAN  BEING  CAN  LOSE  WITHOUT  DEATH 
ENSUING,  depends  upon  age,  sex,  individual  peculiarity,  strength  of  body, 
state  of  nutrition,  etc.  On  the  average,  the  loss  of  a pound  of  blood  will 
produce  syncojx*  in  a grown  person.  Roughly  speaking,  in  the  same  way, 
the  sudden  loss  of  a quantity  equal  to  about  one-half  the  total  amount  in 
the  body  (in  grown  jKirsons  four  to  six  pounds),  must  be  considered  as 
sufficient  to  cause  death.  In  new-born  children  the  loss  of  a few  ounces, 
and  in  children  one  year  old  that  of  half  a pound,  is  highly  dangerous. 
The  escape  of  the  last-named  amount  is  of  importance  in  old  ]>eople, 
and  in  those  already  weakened.  In  general,  women  bear  large  haemor- 
rhages better  than  men.  The  ease  with  which  many  women  bear  the  large 
loss  of  blood  which  sometimes  accompanies  the  expulsion  of  the  fu-tus  and 
placenta,  is  explicable  by  the  fact  that  an  organism  hitherto  incorporated 
in  the  female  body  no  longer  demands  nutrition. 

The  more  sudden  is  the  escape  of  blood  from  the  bloodvessels  or  the  heart,  the 
more  severe  are  the  symptoms,  and  the  sooner  death  ensues.  Fat  individuals  bear 
losses  of  blood  less  well  than  s|>are  ones,  the  former  having  a smaller  amount  of 
blood  than  the  latter.  While  lean  rabbits  show  a proportion  of  blood  to  body-weight 
equal  to  1:18,  in  fat  animals  it  sinks  to  1 : 510  (Ranke*.  Animals  killed  by  the  acute 
anamiia  produced  by  hannorrhage  die  asphyxiated,  inasmuch  as,  in  consequence  of 
want  of  oxygen  produced  by  sudden  diminution  in  the  number  of  red  blood-corpus- 
cles, there  occurs  over- irritation  and  consequent  paralysis  of  the  respiratory  centre 
in  the  medulla  oblongata.  Ry  means  of  a fresh  supply  of  rod  corpuscles  charged 
with  oxygon  this  over-irritation  may  be  reduced  to  the  normal  irritation,  and  respi- 
ration be  sot  going  again  directly  through  the  medulla  oblongata,  and  not  in  a reflex 
way  through  the  vagi  (Eulknuuuu  and  Landois). 

Small  and  medium  losses  of  blood  are,  as  is  well  known,  often  produced  for  thera- 
peutical purposes  by  means  of  leeches,  wet-cups,  phlebotomy ; the  former  more 
usually  in  discuses  of  parts  lying  not  far  under  the  surface  of  the  body,  phlebotomy 
in  affections  of  internal  organs,  more  especially  in  con  nion  congestive  or  inflamma- 
tory hypenemia  of  the  bruin,  lungs,  etc. 
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One  local  effect  of  bloodletting  is.  that  the  blood-pressure  of  the  part  from  which 
the  bleeding  occurs  is  lessened  or  even  abolished.  Blood  flows  through  the  opening 
which  comes  from  neighboring  veins,  and  even  from  veins  lying  nearer  the  heart  in 
bo  far  as  their  valves  will  allow  of  backward  flow.  In  the  next  place,  the  circula- 
tion in  adjacent  veins,  and  also  that  in  the  entire  vascular  system,  is  made  more 
rapid.  If.  while  the  crural  vein  of  a frog  is  open  and  blood  flowing  from  it,  the  web 
be  watched  under  the  microscope,  an  increased  rapidity  of  circulation  is  seen.  Ac- 
cording to  facts  above  mentioned,  it  is  likely  that  therapeutic  bloodletting  dimin- 
ishes the  amount  of  blood,  and  the  hypenemia,  only  for  a short  time.  Venesection 
causes  a diminution  of  hypenemia  also  in  distant  organs ; for  example,  venesection 
in  the  arm  lessens  hypenemia  (mechanical  as  well  as  congestive)  of  the  lungs,  brain, 
etc.  whether  this  takes  place  directly  by  diminution  of  the  amount  of  blood,  or 
indirectly  by  an  influence  (centrally  or  by  reflex  action)  upon  vaso  motor  nerves,  is 
not  ascertained.  In  a similar  way  venesection  may  reduce  over-tilling  of  the  cardiac 
cavities.  Respiration  is  diminished  by  venesection  in  pulmonary  affections,  but 
increased  in  cerebral  diseases,  in  which  normally  it  is  small.  This  sudden  healing 
effect  is  only  to  be  expected  in  cases  of  pure  congestive  hyperaunia ; in  inflamma- 
tions, in  which  various  forms  of  exudations  have  made  their  appearance,  bleeding 
has  no  such  marked  influence  upon  the  exudation  itself,  but  may  possibly  prevent 
its  further  formation  by  lessening  the  hyperaunia. 

The  return  to  the  noumau  state  in  acute  anaemia  occurs,  if  the  causes 
cease  to  operate  and  no  complications  arise,  in  a few  weeks  usually.  In- 
creased absorption  of  fluid  from  without  (thirst),  and  from  the  tissues, 
restores  water  to  the  blood,  and  makes  it  more  dilute  (hydremia).  Poi- 
sonous substances,  placed  upon  wounds  or  under  the  skin,  affect  the 
organism  more  quickly.  Later  the  fibrin,  albumen,  and  the  other  solid 
ingredients  of  the  blood  are  gradually  restored  by  the  use  of  food;  the 
salts  are  most  quickly  replaced.  At  the  last,  restoration  of  the  red 
blood-corpuscles  occurs  ; so  that  oligocythemia,  diminished  amount  of  red 
corpuscles,  is  the  last  to  remain. 

The  development  of  red  blood-corpuscles,  not  yet  certainly  known  in  the 
physiological  state  of  adults,  most  probably  takes  place  in  the  following 
manner:  at  first  colorless  cells  from  the  spleen  (its  pulp  and  from  the 
epithelium  of  the  veins),  from  lymphatic  glands,  perhaps  also  from  the 
lymphatic  vessels,  and  the  serous  membranes,  accumulate  in  great  numbers 
in  the  blood,  and  in  it  are  transformed,  usually  more  quickly  than  under 
normal  circumstances,  into  red  blood-corpuscles.  In  this  transformation 
the  colorless  cells  become  colored,  reduced  in  size  and  flattened,  while 
simultaneously  their  protoplasm  becomes  homogeneous,  and  lastly  their 
nucleus  disappears  after  a preliminary  granular  degeneration. 

This  notion,  first  advanced  in  its  entirety  by  KdLLiKEH  ( Zeitsch . f.  rat.  med. , 
184(5,  IV.,  p.  1 13),  has  received  further  confirmation  by  the  investigations  of  Funke 
(idem.,  I.,  p.  173)  and  Ekh  ( Virchow's  Archie,  18(5.1,  XXXIV.,  p.  138).  According  to 
the  last-named  author,  the  development  of  red  corpuscles  with  transition-forms 
becomes  more  evident  from  the  second  to  the  fourth  day  after  large  losses  of  blood 
in  previously  healthy  men.  The  time  required  for  the  thorough  regeneration  of  the 
blood,  until  the  process  of  nevv-formation  of  red  corpuscles  shall  have  returned  to 
within  its  limits  in  normal  blood,  amounts  to  about  three  or  five  weeks.  Golubkw’s 
results  ( Wien.  acad.  Bench.,  April,  1808)  are  similar.  Recklinghausen  ( Arch,  f . 
micr.  Anal.,  18(5(5,  II.,  p.  137)  observed  in  frog’s  blood  a development  of  red  cor- 
puscles out'  of  white  cells  occur  in  11-13  days,  and  this  even  out  of  the  frog's  body 
if  the  blood  was  received  in  well-heated  porcelain  capsules,  and  preserved  in  a 
lanre  "lass  vessel  which  was  daily  filled  with  moist  air.  Very  similar,  on  the  whole, 
are  the  views  of  Klebs  ( Virchow's  Archie,  XXXVIII.,  p.  1110),  Eberth  (idem, 
XLIIL.  p.  8),  BdTTCHEIt,  and  Neumann;  views  founded  partly  upon  observations 

made  in  cases  of  leucocythmmia.  , . , . 

The  numerous  experiments  upon  extirpation  of  the  spleen  are  partly  in  favor  ot 
the  existence  of  a blood-producing  function  in  this  organ.  After  it.<  removal  there 
has  been  found,  frequently  though  not  constantly,  a true  hypertrophy  of  the 
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lymphatic  glands.  Apart  from  this,  the  extirpation  was  borne  without  symptoms. 
(Researches  on  animals  by  FClIRER  and  Ludwig,  Stinstra,  Vui.PIan,  Eberiiard, 
Sen  iff,  Simon,  and  others;  recently  Moslbb,  Die  Leukamie , 1872,  p.  31.) 

Mosler  also  observed  alterations  in  the  marrow  of  the  bones.  According  to 
Neumann  (Arch,  der  IJeilk.,  1809,  X.,  p.  68)  there  occur  in  the  bone-marrow  of 
adult  animals  and  man,  certain  cell-forms  which  are  identical  with  the  embryonic 
germs  of  red  blood-corpuscles ; N.  has  advanced  the  hypothesis  that  during  the 
whole  of  life  there  takes  place  a continual  transformation  of  lymphoid  cells  into 
colored  blood-corpuscles.  By  some  preliminary  experiments  N.  supposes  that  after 
loss  of  blood  there  takes  place  an  increased  How  of  bone-marrow  cells  into  blood- 
vessels, as  well  as  an  increased  transformation  of  these  cells  into  red  corpuscles. 
Neumann  (Bed.  klin.  Wochemchr. , 1871,  No.  4)  discovered  in  the  liver  of  human 
foetuses  from  three  to  eight  months  old  a structure  similar  to  that  of  bone-marrow 
and  spleen ; the  connective  tissue  in  these  organs  appears  as  a coarse  reticulated 
tissue  with  numerous  lymphoid  cells  imprisoned  in  its  meshes,  and  it  not  merely 
accompanies  the  portal  vein  as  a sheath,  but  extends  far  out  into  the  tissue  of  the 
lobules  (acini),  so  that  the  hepatic  parenchyma  between  the  capillaries  of  the  acini 
is  not  exclusively  made  up  of  hepatic  cells,  but  includes  also  a large  number  of 
lymph-corpuscles.  In  the  new-born  these  cells  are  wholly  absent.  (Consult  also 
Arch.  d.  ll> ilk. , 1871,  XII.,  p.  180.) 

The  new-formation  of  blood -corpuscles  in  the  inflamed  cornea  hns  been  described 
by  Carmai.t  (Strickkk);  see  p.  875.  IIkitzmann  ( Wiener  rued.  Juhrbb.,  1872,  pp. 
347  and  354)  has  seen  blood-corpuscles  appear  in  the  cavities  of  inflamed  bone  and 
in  the  cells  of  inflamed  cartilage:  the  first  rudimentary  masses  of  these  cells  he 
called  haematoblasts. 

According  to  ScHKLARRWSKt  the  renewal  of  the  cellular  elements  of  the  frog’s 
blood  takes  place,  as  is  usually  believed,  from  pre-existing  elements  of  the  blood. 
S.  thinks  that  the  morphological  contributions  of  other  organs  are  both  incon- 
stant and  insignificant. 

According  to  Been  amp  and  Estor  ( CrnnpteB-rendus . 1870,  LXX.,  p.  265)  blood- 
corpuscles  are  not  simple  cells,  or  even  cell-like  bodies,  but  are  an  aggregation  of 
microscopic  organisms — mierozymes.  These  authors  saw  a blood -corpuscle  decom- 
pose into  a number  of  these  microzymes  while  under  the  microsco}>e.  while  by  the 
same  means  of  observation  they  saw  a number  of  these  bodies  unite  to  form  a color- 
less blood-corpuscle. 

The  reproduction  of  the  fibrin  occurs  in  the  course  of  about  forty-eight  hours 
(Pan  CM’s  researches  on  transfusion). 

Transfusion  of  blood  consists  in  the  injection  into  the  veins  of  whipped 
venous  blood  (thus  deprived  of  its  fibrin  and  carbonic  acid),  made  for  the 
purj»oso  of  repairing  the  dangerous  amentia  produced  by  large  losses  of 
blood,  prolonged  suppuration,  etc.,  until  the  time  when  the  lost  blood  shall 
have  been  reproduced  by  means  of  food,  and  by  the  luemopoietic  organs. 

Substitution  of  blood  consists  in  the  alternate  withdrawal  of  a certain 
quantity  of  blood  which  has  become  altered  in  composition  (as  for  ex- 
ample through  loss  of  blood-corpuscles  in  chronic  amvmia),  or  which  has 
been  temporarily  poisoned  by  carbonic  oxide  for  example,  and  supplying 
ot  normal  dofibrinated  blood  taken  from  a similar  animal. 

Transfusion  of  blood,  for  the  elucidation  of  a number  of  physiological  questions, 
has  frequently  been  the  object  of  experimental  physiological  investigation  ; and  it, 
as  well  as  substitution,  has  been  employed  in  a number  of  cases  of  disease  in  man  with 
success.  In  the  earliest  times  (J.  Denis,  1667)  the  blood  was  transferred  directly 
from  the  blotxl vessels  of  one  animal  into  the  other's;  later  this  was  done  by  means 
of  syringes,  etc.  Dumas  and  Prevost  ( I Uhl.  unit,  dc  Genies,  1821).  and  also  J. 
Muli.KR  (llandb.  der.  PhytioL , 1844.  I.,  p.  124)  and  others,  observed  that  defibrinated 
blood  possessed  the  same  qualities  as  that  with  fibrin,  and  that  by  whipping  the 
blood  (removing  all  its  fibrin  by  coagulation)  the  danger  of  blocking  up  of  blood- 
vessels was  obviated.  The  first-named  authors  furthermore  demonstrated  that  the 
blood  of  one  vertebrated  animal  is  under  certain  circumstances  poisonous  for  verte- 
brates of  another  order  or  family. 

Panum  ( Virchow' $ Archie,  XXVII.,  pp.  240,  et  433)  showed  that  it  is  possible  to 
remove  and  renew  the  entire  mass  of  blood  in  an  animal,  at  least  up  to  within  3 pei 
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mille,  by  the  use  of  whipped  blood,  without  causing  much  disturbance  in  the  func- 
tions of  the  organism  (nervous  and  muscular  activity,  nutrition,  digestion,  respira- 
tion. production  of  heat,  excretion,  etc.);  and  that  transplanted  (from  another 
animal)  blood  remains  as  active,  as  the  normal  blood,  and  undergoes  decomposition 
just  like  it.  Foreign,  transplanted  blood  in  the  vascular  system  of  another  kind  of 
animals  is  quickly  destroyed,  and  is  thrown  out,  in  a state  of  solution,  into  the 
parenchymas  and  the  serous  cavities  of  the  body,  as  well  as  excreted  by  the  kidneys 
and  intestinal  canal. 


Acute  loss  of  lympii  has  been  experimentally  shown  to  prove  fatal 
more  rapidly  than  an  equal  loss  of  blood ; reliable  observations  on  this 
point  upon  man  do  not  exist. 

Quiet  dogs  in  the  fasting  state  die  after  large  quantities  of  lymph  have  been  with- 
drawn from  them  ; according  to  Lesser  when  the  loss  of  lymph  is  equal  to  one-quar- 
ter or  one-seventh  of  the  volume  of  blood  in  the  animal.  On  the  contrary,  the  loss  of 
even  a larger  quantity  of  blood  does  not  cause  a fatal  issue.  The  coloring  of  the 
blood  is  rendered  more  intense  by  the  loss  of  such  large  amounts  of  lymph.  In 
such  a case,  Hammarsten  found  in  the  blood  so  very  great  a quantity  of  oxygen  in 
the  blood  as  twenty-four  per  cent.  It  is  probable  that  the  loss  of  large  amounts  of 
saliva  (and  bile  also,  Lehmann)  has  the  same  effect  in  fasting  animals.  Contrarily, 
no  matter  how  much  urine  and  perspiration  are  separated  there  is  no  alteration 
in  the  composition  of  the  blood,  for  these  excretions  continue  only  as  long  as 
the  wrater,  salts,  and  urea  are  supplied  to  the  blood  as  fast  as  excreted.  The 
removal  of  large  quantities  of  lymph  causes  an  increase  of  the  blood  pressure, 
whether  because  blood  richer  in  corpuscles  finds  more  resistance  in  the  capillaries, 
or  whether  because  altered  composition  of  the  blood  irritates  the  walls  of  blood- 
vessels, is  not  determined.  (Lesser,  Arbeit,  am  d.  Phys.  Amt.  zu  Leipzig , 1872, 
VI.,  p.  94.) 


2.  Chronic  anemia. 

Chronic  anosmias  are  classified,  according  to  their  causes,  into  three 
categories. 

a.  Chronic  anemia  from  direct  or  indirect  loss  of  blood,  or  other 

FLUIDS. 

Its  causes  are : 1 . Oft-repeated  small  losses  of  blood,  the  so-called  second- 
ary haemorrhages  after  operations  of  all  kinds  (see  p.  217);  haemorrhage 
from  the  nose,  air-passages,  stomach  and  intestinal  canal,  urinary  passages, 
sexual  organs  (in  ulcers,  new-growths,  etc.) ; in  abortion,  etc.  ; haemor- 
rhage in  the  connective  tissue,  in  serous  sacs,  etc. ; in  scorbutus;  haemor- 
rhage from  parasites  (so-called  Egyptian  chlorosis,  see  p.  125).  2.  Long- 

continued  loss  of  various  fluids,  albuminates  in  particular,  prolonged  lacta- 
tion, unusually  large  flow  of  milk,  child-bearing  in  rapid  succession,  large 
loss  of  albumen  in  albuminuria  (2-10-25  grm.  in  twenty-four  hours), 
and  in  dysentery,  fever,  blennorrhceas  of  all  sorts,  chronic  diarrhoea,  suppu- 
ration (especially  in  the  bones),  upon  cutaneous  ulcers  or  those  upon  mucous 
surfaces;  profuse  sweats,  etc. 

Leube  {Med.  Centralbl. , 1809,  No.  39)  has  noticed  the  appearance  of  albumen 
and  even  of  serum-albumen  in  the  sweat  of  four  patients.  Long-continued  muscu- 
lar quietude  reduces  the  amount  of  blood  (Ranke). 

The  above  include  those  cases  in  which  the  loss  of  blood  and  fluids  does 
not  last  too  long,  in  which  the  digestive  and  respiratory  organs  are  in  a 
nominal  state,  in  which  there  is  the  possibility  of  obtaining  plenty  of 
nutritious  food ; conditions  in  which  chronic  anaemia  does  not  usually 
develop,  but  it  does  appear  when  opposito  conditions  prevail. 
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The  phenomena  of  chronic  anaemia  are  more  or  less  fully  explicable  by 
the  state  of  composition  of  the  blood.  This  alteration  Ls  in  part  like,  or 
similar  to  that  present  in  acute  amentia  produced  by  haemorrhage,  or  there 
exists  a special  poverty  in  red  blood-globules  (oligocythaemie)  and  in 
albuminoid  bodies  (hydraemia),  because  the  other  elements  of  the  blood  are 
relatively  quickly  replaced.  The  lack  of  albuminoid  bodies  leads  to  the 
development  of  oedema  and  anasarca,  which  are  wanting  in  acute  amemia. 
( Vide  supra.)  Owing  to  a variety  of  causes  the  blood-pressure  is 
diminished. 

RrESS  {Arch.  f.  Anat.  Phi/s.,  u.  s.  w. , 1872,  p.  237)  found  in  all  those  cases  of 
impaired  nutrition  which  are  called  anxemia  aud  cachexia,  numerous  small,  glisten- 
ing. white  granules  in  the  blood.  They  were  rounded,  sometimes  a little  angular, 
measuring  .0007  mtn.  to  .0015  mm.;  devoid  of  color;  and  between  these  bodies  and  un- 
changed white  corpuscles  there  occurred  many  transition  forms.  Chemical  reactions 
also  indicated  such  a relationship:  by  the  addition  of  water  these  bodies  gradually 
became  less  dense,  more  quickly  under  the  influence  of  dilute  alkalies,  etc.  R.  con- 
siders these  corpuscles  to  be  the  products  of  disintegration  of  white  globules.  This 
would  explain  the  absolute  diminution  of  red  globules  which  is  observed  in  these 
morbid  states. 

The  most  IMPORTANT  symptoms  are  the  following:  General  paleness  of  the 
external  skin  and  of  the  mucous  membranes;  translucency  of  these  parts  in 
consequence  of  the  diminution  of  parenchymatous  fluid,  and  therefore  les- 
sened thickness;  a feeling  of  weakness  and  prostration;  small  frequent  pulse 
and  weak  cardiac  impulse;  the  heart  is  irritable,  hence  a great  tendency  to 
congestion  of  internal  and  external  organs.  Respiration  is  calm  during  rest, 
but  movements  cause  a more  rapid  increase  of  frequency  than  in  health  ; 
dyspnoea  appears.  The  temperature  is  usually  a little  lowered.  Disturbances 
of  the  nervous  system,  although  not  wanting,  are  not  as  prominent  as  when 
amentia  is  quiekly  produced  : in  general  there  is  feebleness  in  the  cerebral 
and  sensorial  functions,  with  abnormal  irritability  of  the  organs;  the  latter 
condition  being  especially  marked.  On  the  side  of  the  digestive  appara- 
tus we  often  note  thirst,  aud  anorexia.  Nutrition  in  general  is  lowered. 
The  fat  gradually  disappears,  very  seldom  does  it  remain  in  normal 
amount,  or  increase  {vide,  p.  522).  On  those  parts  where  lesions  exist, 
or  on  which  pressure  is  made,  ulceration  aud  gangrene  are  easily  pro- 
duced. 

In  many  cases  of  chronic  anaemia  there  is  a more  or  less  well-marked 
haunorrhagic  diathesis,  or  even  distinct  scorbutus. 

AH  the  above-named  symptoms  of  chronic  ana'mia,  when  present  in  a 
minor  degree,  are  not  distinct ; while  some  of  them  are  not  distinct  even  in 
great  amemia,  and  physician  aud  patient  may  well  overlook  them  : this  is 
more  especially  true  of  dyspmea.  (Consult  Tuaube,  Ges.  Beitr.,  1871, 
1I-,  p.  1034.) 

b.  Chronic  anaemia  by  lessened  supply  of  food:  so  called  inanition- 

AN.EMIA. 

1 lie  most  clearly  defined  anaemias  of  this  class  are  those  which  are  pro- 
duced by  hunger;  that  is  to  say,  by  absolute  want,  or  imperfect  supply  of 
food.  Inasmuch  as,  contrary  to  what  was  formerly  thought,  there  is  no 
marked  diminution  of  blood  in  these  cases,  they  are  better  called,  not 
anuuniu,  but  iminition-amemia,  or  inanition. 

Jood  is  a mixture  which  is  fully  capable  of  maintaining  the  proper  composition  of 
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the  body  ; this  mixture  is  consequently  nutritious.  A substance  is  nutritious  which 
furnishes  elements  needed  for  the  composition  of  the  body,  or  makes  possible  the 
formation  of  such  elements. 

The  conditions  which  arise  in  the  hungry  and  the  starving  states  have 
been  quite  well  studied  by  means  of  experiments  on  animals.  In  these 
experiments  the  animals  were  either  left  wholly  without  food,  or  with  an 
occasional  supply  of  water  until  death  ; breathing  was  in  nowise  interfered 
with.  In  man  there  are  a number  of  examples  in  which  more  or  less  com- 
jdete  and  uncomplicated  inanition  occurred  ; in  some  cases  by  deliberate 
intention,  more  usually  because  of  certain  diseases,  stricture  of  the  (esopha- 
gus, etc.  Yet  special  investigation  in  such  cases  is  wanting. 

The  questions  of  the  quantity  and  kind  of  food  are  important  for  the  individual 
and  for  the  State,  but  equally  important  for  the  physician ; partly  because  many 
diseases  can  be  wholly  prevented  by  a careful  superintendence  of  diet,  especially  in 
the  case  of  nurslings  and  young  children,  in  educational  establishments,  orphan  asy- 
lums, prisons,  barracks,  in  countries  afllicted  with  famine;  and  because  many  condi- 
tions which  come  under  the  physician’s  observation  are  not  the  results  of  disease,  but 
of  relative  or  actual  inanition.  Consult  Cuossat,  Rich,  exper.  tur  C inanition,  184:5 ; 
Colt. aro  de  Martiony,  Mugendic's  Journal  de  Phys.,  VIII.  ; Bidder  and  Sciimidt, 
lHeVerdauungsxiiftc  u.  der  Stofwecfuel,  18.12;  Valentin,  Iiepertor .,  III.:  Hkiden- 
iiain,  Disq.  nit.  et  ex  per..  1867;  Panum,  Virchow's  Archie.  1864,  XXIX..  p.  211  ; 
Voit,  Zeitschr.  f.  Biol.,  18611,  II.,  p.  :5<)7 ; Pettenkoeek  and  VoiT,  idem,  1869,  V., 
p.  369;  Boussingault,  Playfair,  Thomson,  Sciiuciiaudt,  Edward  Smith. 

Complete  inanition  as  studied  experimentally  in  animals. 

After  the  commencement  of  starvation  the  weight,  'Functional  activity, 
and  excretions  of  the  animal  diminish.  The  diminution  in  weight  is 
tolerably  uniform  during  the  whole  duration  of  inanition,  though  during 
the  first  few  days  it  is  a little  greater  owing  to  the  loss  of  the  last  food  taken 
in.  Decrease  of  excretions  (carbonic  acid,  urea,  etc.)  is  naturally  less  and 
less  each  day,  because  of  the  diminished  weight  of  the  body.  The  decrease 
in  the  functional  activities,  which  is  closely  connected  with  decrease  in  the 
excretions,  shows  itself  in  animals  during  a state  of  rest  by  diminution  of 
temperature,  of  the  frequency  of  the  pulse  and  respiration,  by  lessening  of 
blood-pressure. 

The  excretions  are  supplied  by  waste  of  the  body  itself.  Individual 
parts  of  the  body  do  not  lose  weight  proportionately  to  the  loss  experienced 
bv  the  whole  body.  There  are  variations  in  the  amount  of  the  different 
substances  excreted.  The  urinary  secretion  in  the  first  few  days  dimin- 
ishes much  more  than  the  body-weight,  later  in  an  equal  proportion,  in  the 
last  stages  much  more  again.  The  excretion  of  carbonic  acid  diminishes  at 
first  in  proportion  to  the  body-weight,  later  less,  and  at  the  last  much  more 
again.  The  urine  is  more  acid  during  starvation  : its  proportionate  quantity 
of  sulphuric  and  phosphoric  acids  increases.  Chlorides  diminish,  and  even 
disappear  in  a few  days.  The  amount  of  urea  excreted  generally  grows  less 
and  less  as  inanition  progresses,  because  with  lessened  metamorphosis  in 
the  tissues  there  is  less  decomposition  of  albuminates.  In  uncomplicated 
inanition,  as  early  as  the  fifteenth  day,  albumen  and  very  often  mucin  are 
found.  In  starved  animals  there  may  be  total  absence  of  glycogen  in  the 
liver. 

The  greatest  alterations  in  secretions  are  met  with  in  starved  herbivora  ; and  all 
starved  animals  must  become  in  one  sense  carnivora,  inasmuch  as  they  subsist  od 
their  own  bodies. 
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The  following  table?  of  Fettenkofek  and  Voit  represent,  in  figures,  the  above- 
named  results  of  inanition. 

It  is  to  be  remembered  that  a grown  man,  eating  moderately,  consumes,  in  twenty- 
four  hours,  120  to  107  grm.  of  dry  albuminous  substance,  70  to  120  grm.  of  fat,  350 
to  400  grm.  of  carbo-hydrates. 

In  the  following  experiments,  using  moderate  diet,  the  amounts  were  : 137  grm.  of 
albumen,  117  grm.  of  fat,  352  grm.  of  carbo-hydrates. 

The  excretions,  with  such  a diet,  during  three,  or  two  different  days  (twenty-four 
hours),  were  as  follows  (in  man) : 


DURING  STARVATION,  AND  WHILE  QUIET. 


Urine 

Solid* 

Urea 

Ashes 

NaCl  SO, 

PO, 

Uric  acid 

C.  ocnt. 

grin. 

grm. 

grm. 

gT-Ti.  grin. 

grin. 

grm. 

1197.5 

49.5 

26.8 

19.7 

14.6 

907.9 

44.1 

20.3 

18  9 

13.2  



792.6 

46.3 

25.0 

14.4 

8.5  1.72 

2.95 

0.55 

WITH 

MODERATE 

DIET, 

WHILE  QUIET.  (31.6  GRM.  OF 

DRY 

F.ECKS.) 

1343.1 

64.5 

37.2 

18.1 

11.4  2.56 

0.8 

1119.3 

— 

35.4 

— 

10.6  



1367.0 

63.7 

37.2 

20.5 

13.1  2.06 

4.19 

0.8 

WITH  MODERATE  DIET 

, WHILE  ACTIVE. 

1182.8 

66.8 

36.3 

21.1 

13.3  

4.15 

0.82 

1261.1 

66.9 

37.3 

194 

12.4  2.5 

4.07 

0.9 

DURING  STARVATION.  AND  WHILE  QUIET. 

Carbonic  add 

Oxygon 

Water  exhaled  by 

Total  water 

exhaled. 

inhaled. 

lungs  and  skin. 

given  off. 

C.  cent. 

C.  cent. 

C.  cent. 

C.  cent. 

309.5 

779.9 

828  9 

1970.3 

137.6 

742.6 

814.1 

1677.5 

333.2 

1071.8 

1778.5 

2524.8 

WITH  MODERATF. 

DIET,  WniLE  QUIET. 

275.7 

709.0 

828.0 

2189.5 

288  0 

919.1 

1009.0 

2187.1 

284.3 

866.9 

957.4 

2387.5 

WITH  MODERATE 

DIET,  WHILE  ACTIVE. 

374.7 

953.9 

2042.5 

3219.9 

336.3 

1006.1 

1411.8 

2700.0 

As  regards  individual  organs  and  parts  of  tlie  body,  it  appears  that  those 
parts  which  exert  but  little  functional  activity  in  the  starving  organism 
waste  much  more  rapidly,  as,  for  example,  the  fat-tissue,  spleen,  testes,  etc. 
W eighing  the  various  parts  of  starving  animals  has  shown  that  the  tissues 
and  organs  diminish  in  the  following  proportions  : 

The  fatty  tissue  undergoes  the  greatest  waste,  91  to  93  per  cent,  of  it 
disappearing ; leaving  only  its  stroma. 

Next  the  muscles,  which  lose  42  per  cent.  ; those  which  are  inactive  fall 
away  more  than  those  which  are  active. 

The  rlood  (contrary  to  older  teaching)  does  not  notably  diminish  rela- 
tively to  the  mass  of  the  body,  and  there  is  nearly  as  little  alteration  in 
the  relative  amount  of  its  important  constituents:  only  the  solids  and  the 
(especially)  albumen  of  the  serum,  that  element  of  the  blood  which  is  par- 
34 
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ticularly  to  bo  considered  as  nutritive  material,  diminish  in  a moderate  but 
constant  degree. 

The  brain  does  not  at  all  decrease  in  weight ; hence  in  starving  creatures 
the  cerebral  faculties  are  often  unimpaired  for  a long  time.  The  spinal 
cord  and  nerves  diminish  very  little. 


'fhe  fat  which  is  stored  up  in  fat-cells  is  of  great  importance  as  a reserve  food 
in  inanition,  as  it  is  consumed  in  this  condition  just  as  the  albuminous  elements  of 
the  food  are,  and  is  of  equal  value.  The  ultimate  consumption  of  the  fat  is  the 
cause  of  the  great  increase  in  the  decomposition  of  albumen,  which  goes  on  until  the 
want  of  albumen  produces  death.  Individuals  poor  in  albumen  and  fats,  reduced 
persons  so-called,  soon  die  if  exposed  to  starvation.  (Voit.) 

The  above  statements,  in  opposition  to  the  views  of  Chossat,  BlDDER-SCHMlDT 
and  others,  have  flowed  from  the  experiments  of  Valentin,  Heidkniiain,  and 
especially  Panum,  upon  the  state  of  the  blood  in  inanition.  The  number  of  blood- 
corpuscles  is  not  greater  in  well-fed  animals  than  in  starved  ones ; though  the  serum 
of  those  well -nourished  is  richer  in  solid  constituents,  and  especially  iu  albuminous 
substances.  (Panom.) 

According  to  Valentin  and  It.  Wagner,  in  starved  animals  the  red  blood-corpus- 
cles become  smaller. 


Death  by  inanition  ensues  when  the  animal  has  lost  a certain  part  of  his 
body-weight.  The  amount  of  this  loss,  and  the  length  of  time  required, 
vary  according  to  the  species  of  animal,  as  well  us  according  to  its  condition 
at  the  time  the  experiment  is  begun.  Fattened  animals  need  a certain  time 
in  order  that  their  body-weight  may  approximate  that  of  animals  which  are 
only  sufficiently  fed. 

According  to  Chossat,  young  lean  pigeons  die  after  having  lost  one-third  of  their 
weight  (three  days) ; old  and  fat  ones  only  when  they  have  lost  one-half  their  weight 
(after  thirteen  days).  Bidder’s  cats  died  on  the  eighteenth  day,  at  which  time  their 
body-weight  had  sunk  from  2464  grm.  to  1267  grm.  According  to  Chossat  the 
higher  animals  lose  from  two-thirds  to  one-third  of  their  weight  before  inanition 
causes  death.  On  the  average  the  daily  loss  of  animals  is  4.2  per  cent.,  or  one 
twenty-fourth  of  their  weight  each  day. 

Manassein  (Med.  Gcntralbl .,  1868,  No.  18)  observed  in  all  starved  animals  an 
extreme  fatty  degeneration  of  the  heart,  kidneys,  liver,  and  of  cartilage  in  a less 
degree.  The  changes  in  the  voluntary  striped  muscular  fibres  was  analogous  to  that 
seen  in  typhoid  fever.  In  perfectly  fresh  corpses  the  blood  was  liquid,  dark,  and 
contained  gas-bubbles  in  variable  amount.  The  changes  in  the  weight  of  various 
internal  organs  were  different:  the  greatest  loss  in  the  spleen  (amounting  even  to 
one-half),  the  liver,  intestines ; moderate  loss  in  the  stomach,  lungs,  testes ; while 
the  relative  weight  of  the  supra-renal  capsules,  eyes,  heart,  brain,  etc.,  was  increased. 
The  TEMPERATURE  of  the  starved  animals  remained  normal  (about  159"  C.)  until  the 
last  three  or  four  days  ; occasionally  it  sank  to  88  C. , and  in  the  evening  rose  to  40 
C.  Rapid  falling  of  the  body-heat  from  38 ' to  30J  C.  was  observed  by  M.  only  in 
the  last  twenty-four  hours.  During  the  entire  period  the  acid  urine  contained  vary- 
ing amounts  of  albumen,  and  an  abundance  of  mucin  ; renal  tube-casts,  hyaline  or 
granular,  in  large  number,  usually;  occasionally  distinct  fat-globules.  Flemming 
( Virchow' x Archie . LIL,  p.  668)  found  frequent  and  abundant  nucleus-proliferation 
not  only  in  the  fat-cells  of  inflamed  tissues,  but  also  in  simple  atrophy  caused  by 
withholding  food. 


Incomplete  inanition  according  to  experiments  on  animals. 

a.  Incomplete  inanition  in  tiie  quantitative  sense. 

This  consists  in  that  the  food  given  contains  all  the  elements  which  enter 
into  the  composition  of  foods  (albuminates,  fat  or  carbo-hydrates,  gluten, 
water  and  salts),  though  in  absolutely  small  quantities.  The  phenomena 
resemble  those  of  absolute  starvation,  but  are  more  slowly  developed. 
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Whereas  in  absolute  starvation  the  number  of  blood-corpuscles  relatively  to  the 
other  constituents  of  the  blood  as  well  as  to  the  body-weight,  is  hardly  altered,  per- 
haps increased,  the  long-continued  action  of  incomplete  inanition  affects  blood-cor- 
puscles very  destructively.  After  inanition  has  ceased,  when  nutritious  food  is  again 
supplied,  a condition  appears  in  which  the  body-weight  has  again  reached  the  normal 
point,  in  which  the  blood  as  a whole  has  regained  its  former  volume,  but  in  which  the 
blood  is  deficient  in  blood -corpuscles,  because  owing  to  the  absence  of  any  reserve 
corpuscles  they  must  be  formed  anew,  a process  much  slower  than  that  of  building 
up  the  masses  of  the  tissues  and  the  blood.  In  this  way  is  explained  the  fact  that 
ill-fed  individuals  have  a blood  deficient  in  red  blood -corpuscles.  (Paxi/m.  ) 

b.  Incomplete  inanition  in  the  qualitative  sense  : i.e.,  deprivation  of 
single  articles  of  food. 

This  leads  usually  just  as  quickly  to  a fatal  result,  although  the  emacia- 
tion is  less.  . 

The  food  of  animals  may  be  divided  in  three  classes:  albuminous  bodies 
(plastic  elements),  carbo-hydrates  with  fats  (respiratory  elements),  and  salts. 

Albusiinoi  s si  ustances  constitute  the  most  important  foods;  they  are 
the  seat  of  metamorphosis,  from  them  the  tissues  are  formed,  and  they  are 
the  agents  for  the  absorption  of  oxygen. 

Cakbo-BYDHATEs  (sugar  and  starch)  and  FATS  serve  chiefly  to  the  pro- 
duction of  heat,  and  of  vital  force,  and  may  reciprocally  serve  in  each 
other’s  place ; and,  furthermore,  the  substitution  of  albuminous  substances 
for  them  is  theoretically,  and  to  a certain  degree  practically,  possible. 
"VV  bile  albuminous  bodies  (ml  blood-corpuscles)  carry  oxygen,  they  are 
themselves  decomposed,  and  about  8 (K  of  the  albumen  which  circulates  in 
the  fluids  through  the  tissues  (the  so-called  movable,  or  stored-up,  or  circu- 
lating albumen)  18  thus  destroyed ; while  only  about  1^  of  that  which  is 
laid  by  in  the  organs,  or  fixed  albumen  (so-called  stabile  or  organ  albumen), 
uudergoes  decomposition.  Increased  absorption  of  oxygen  anil  increased 
excretion  of  urea  are  the  usual  consequences  of  increased  ingestion  of  albu- 
men. The  importance  of  salts  consists  in  that  they  form  important  con- 
stituents of  tissues. 

Accenting  to  Pick  (Arrhk  f.  d.  rye*.  Phy*..  1871,  V.,  p.  40),  the  amount  of  albu- 
men in  the  body  is  a very  constant  one,  and  the  albumen  of  food  is  for  the  least  part 
absorbed  as  such,  i.e.,  in  an  unpeptonized  condition,  and  for  the  greatest  part  is 
used  by  the  tissues  not  as  albumen,  but  in  the  shape  of  various  products  which  result 
from  its  complicated  splitting  up  in  the  intestinal  canal.  According  to  P. . the  result 
of  absoqition  of  digested  albumen  is  not  simply  an  increase  of  the  albuminous  sub- 
stances stored  up  in  the  economy,  but  the  appearance  of  entirely  new  combinations 
in  the  animal  fluids — the  PEPTONES  or  their  nearest  derivatives,  which  undergo  meta- 
morphosis much  more  easily  than  common  albumen.  This  view  is  very  different 
ftum  the  one  generally  accepted  ; but  according  to  it,  the  sudden  increase  in  the 
excretion  of  nitrogenous  products  of  metamorphosis  in  a few  hours  after  a meal  rich 
m albumen,  is  no  longer  paradoxical. 

A certain  quantity  of  the  above  substances  constitutes  a minimum  for 
fhe  maintenance  of  the  body.  If,  for  example,  an  adult  man  needs  in  the 
normal  state  1-0-140  grm.  of  dried  albumen,  70-120  grin,  fats,  350-400 
gun.  of  carbo-bvdrates,  the  same  man  cannot  subsist  on  about  60  grm.  of 
albumen,  and  the  above-named  amounts  of  fats  and  carbo-hydrates.  His 
activity  and  condition  of  nutrition  vary  with  the  amount  and  composition 
of  his  food,  it  an  animal  be  regularly  nourished  with  a quantitatively  and 
qualitatively  sufficient  food,  there  shortly  appears  what  is  called  the  equilib- 
rium of  nitrogen  ( Sticketoff'e/Uichgewicht ),  that  is  to  say,  it  excretes  with 
its  urine  and  fa-ces  just  as  much  nitrogen  as  it  takes  in  with  its  food.  This 
balance  is  not  destroyed  by  muscular  activity,  but  only  by  a change  in  the 
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quantity  and  quality  of  the  food.  In  inanition  more  nitrogen  is  excreted 
at  the  beginning,  but  in  a few  days  this  amount  becomes  constant;  the  so- 
called  starvation  equilibrium  of  nitrogen  is  established,  the  animal  subsists 
upon  the  stabile  or  organ-albumen,  while  at  the  beginning  it  lived  upon  the 
albumen  remaining  from  food,  the  movable,  stored-up,  or  circulation-albumen. 
In  the  state  of  starvation  the  amount  of  accumulation  of  circulation-albumen 
is  very  small,  not  equal  to  1$  of  the  organ-albumen.  Fat  arrests  the 
destruction  of  albumen,  by  keeping  oxygen  away  from  it,  or  by  allowing 
the  entrance  of  less  oxygen  in  the  blood.  Certain  things  act  in  an  opposite 
manner,  increasing  the  decomposition  of  the  circulating  albumen;  such  are: 
abundant  drinks  of  water,  common  salt,  fever.  Just  like  fat,  sugar  lessens 
the  absorption  of  oxygen  and  thus  saves  albumen.  Later,  sugar  preserves 
the  fat.  jitarch  acts  in  just  the  same  manner,  which,  as  is  well  known, 
does  not  become  active  in  the  organism  under  its  own  form,  but  as  sugar. 
Yet  it  takes  2-3  parts  of  sugar  and  starch  to  act  as  efficiently  as  1 part  of 
fat.  Gluten  serves  in  the  same  way. 

In  a state  of  inanition,  in  which  the  organism,  after  the  consumption  of  the  circu- 
lation-albumen, is  obliged  to  make  use  of  the  organ-albumen,  the  tissues  are  no  longer 
bathed  in  a fluid  poorer  in  albumen  than  they  are  themselves ; consequently,  for  each 
element  which  is  lost  by  interchange  between  cells  and  plasma,  a certain  portion  of 
the  organ  must  bo  dissolved.  If  the  fat  is  consumed  in  starvation,  the  destruction 
of  albumen  is  increased.  A true  fatty  metamorphosis  of  albumen-holding  organs 
does  not  occur  in  simple  inanition,  as  the  moderate  excretion  of  nitrogen  indicates. 
Consult  the  well-known  researches  of  VoiT. 

Complete  deprivation  of  WATER,  including  that  contained  in  organic 
foods  (although  some  animals  need  not  drink  at  all,  or  at  any  rate  do  not 
drink  when  eating  under  normal  conditions;  as  rabbits,  cats),  is  followed 
by  the  refusal  of  solid  food,  so  that  death  ensues  as  quickly  as  in  complete 
starvation. 

Complete  deprivation  of  solid  food  is  soon  followed  by  refusal  of 
water,  with  the  same  result  as  in  complete  deprivation  of  water. 

Deprivation  of  albuminous  food  (food  to  consist  of  fat  and  water,  or 
of  fat,  carbo-hydrates  and  water).  The  general  emaciation  is  less,  the  excre- 
tion of  urea  is  much  lessened,  and  oxidation  of  the  nitrogenous  elements  of 
the  body  made  less  active. 

Deprivation  of  fat  does  not  produce  any  marked  change  in  metamor- 
phosis of  tissues  if  the  food  contain  carbo-hydrates ; but  if  the  carbo-hydrates 
are  wanting,  emaciation  is  moderate,  the  excretion  of  urea  is  much  in- 
creased, and  there  also  occurs  increased  oxidation  of  nitrogenous  elements 
in  the  body,  so  that  much  more  albuminous  material  must  be  ingested. 
These  facts  are  explained  by  the  knowledge  we  now  have  that  fats  and 
carbo-hydrates  may  be  formed  from  albuminates. 

An  animal  may  subsist  upon  nlbumen  and  the  salts  appertaining  to  it,  because 
carbo-hydrates  and  fats  exist  pre-formod,  in  a certain  degree,  in  albuminous  sub- 
stances. In  animals  or  man,  increased  consumption  of  albumen  is  followed  by  an 
increase  in  the  excretion  of  nitrogen,  phosphoric  acid,  etc.,  by  the  urine.  (J.  Ranke, 
Voit.) 


Deprivation  of  salts  is  known  only  by  the  effects  of  the  withdrawal  of 
common  salt  from  the  food;  and  this  is  not  of  much  importance,  because 
unsalted  foods  oontain  as  much  chloride  of  sodium  as  the  organism  needs. 
Salt  added  to  food  must  be  looked  upon  as  only  a condiment. 
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Food  rendered  as  free  as  possible  from  salt  is  soon  rejected  by  animals,  and  they 
die  before  hunger  forces  them  voluntarily  to  eat  such  food.  Forcible  feeding  with 
substances  nearly  free  from  chloride  of  sodium,  consisting  of  sufficient  quantities  of 
albumen,  fat  and  starch,  demonstrates  that  animals  (pigeons,  mice,  dogs)  at  first 
excrete  large  quantities  of  salt  from  the  body,  later  much  less.  TLssue-metamor 
phosis  in  the  body  goes  on  normally  as  before.  After  prolonged  feeding,  digestion 
becomes  disordered,  as  is  shown  by  the  animal  rejecting  food  in  3-t>  hours,  in  only  a 
slightly  altered  state.  Analysis  of  the  tissues  and  blood  shows  that  salts  are  retained 
with  great  tenacity,  as  organa  show  only  a very  slight  diminution  in  the  amount  of 
their  solid  constituents.  Scorbutus  never  occurs ; but  there  is  noticed  extreme 
paralysis  of  the  muscles  of  the  hinder  extremities,  and  those  of  mastication,  which 
only  disappears  after  a week’s  feeding  with  salted  food. 

Simple  feeding  with  sugar  causes  death  usually  in  eight  da) s,  and  an 
average  daily  loss  of  weight  of  3.4;£. 

Simple  feeding  with  fat  causes  a great  loss  of  body-weight  (daily  loss 
of  2.N#),  and  a diminution  of  fat,  and  leads  to  death  nearly  as  rapidly  as 
complete  inanition. 

Simple  feeding  witu  gelatine  and  gelatine-giving  substances  is  likewise 
insufficient  for  the  support  of  the  body. 

An.emia  of  inanition  in  man  often  occurs,  but  is  seldom  as  purely  devel- 
oped as  in  the  above-mentioned  experiments.  It  is  seldom  perfect  in  a 
quantitative  or  qualitative  sense,  because  usually  the  taking  of  small 
amounts  of  liquid  food  is  possible.  It  is  not  jiossible  to  state  in  figures  the 
point  at  which  the  l>ody  reaches  the  minimum  of  nutrition,  because  the 
general  constitution,  the  condition  of  the  digestive  organs,  and  other  factors, 
e iter  into  the  problem.  The  lie t ter  the  body  is  nourished,  the  more  food 
is  needed.  Anemia  of  inanition  is  seldom  acute,  if  we  exclude  the  hunger 
of  ordinary  life;  it  is  usually  sub-acute  and  chronic;  in  the  first  case  it  is 
often  complicated,  with  fever  especially. 

In  human  beings  not  having  fever,  acute  inanition  is  seldom  observed,  except,  in 
case*  of  insanity.  I had  an  opportunity  of  studying  this  condition  for  Bever&I  days 
in  a mentally  healthy  person,  having  an  abscess  of  the  upper  larynx  (Waunek,  Arch, 
d.  lit  ilk. , 187il,  XIV.,  p.  92). 

Acute  an  emia  of  inanition  in  fever,  which  only  relatively  Beldom 
becomes  chronic,  because  in  chronic  fever  the  appetite  is  usually  preserved, 
is  caused  by  the  usually  complete  loss  of  appetite,  nearly  always  accom- 
panied by  thirst.  This  loss  of  appetite  is  not  explicable.  Possibly  it  is 
determined  by  a great  diminution  of  gastric  juice  (most  probably  when  the 
loss  of  water  through  the  lungs  and  skin  is  great),  or  by  qualitative  changes 
in  this  fluid. 

1 lie  phenomena  of  this  anaemia  of  inanition  differ  in  several  respects 
from  the  kinds  of  atuemia  already  studied,  in  that  with  diminution  of  body- 
weight  there  is  an  increase  in  the  excretions.  This  is  caused  by  an  actual 
increase  in  tissue-metamorphosis,  hence  oligocythemia  and  hydremia.  The 
evaporation  from  the  skin  is  often  decidedly  increased,  even  in  those  parts 
of  the  skin  which  feel  perfectly  dry.  An  increased  separation  of  carbonic 
acid  is  met  with  in  the  pulmonary  exhalation.  The  amount  of  urine  is  in 
general  diminished,  but  the  amount  of  urea,  of  uric  acid,  and  of  phosphoric 
acid,  is  increased.  Chloride  of  sodium  is  the  only  element  which  is  con- 
stantly diminished.  Patients  emaciate  as  in  ordinary  starvation,  but 
more  rapidly,  ami  notably  they  show  greater  muscular  weakness.  ( Vide 
Fever.) 

Chronic  anacmia  of  inanition  appears  in  newly-born  and  young  chil- 
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dren  by  insufficiency  of  food  (too  small  quantity,  bad  condition  of  t.ho 
mother’s  or  nurse’s  milk,  as  well  as  in  artificial  feeding) ; in  these,  arid  also 
in  adults,  by  severe  affections  of  the  mouth,  pharynx,  stomach,  and  intes- 
tines, which  interfere  with  the  taking  of  food,  or  at  any  rate,  of  solid  food ; 
by  diminished  absorption  of  elements  of  food  by  bloodvessels  and  lym- 
phatics (various  affections  of  the  stomach  and  of  the  small  intestines) ; by 
excessive  corporeal  or  cerebral  efforts  and  excitations,  sleeplessness,  pain, 
etc.,  in  which  cases  loss  of  appetite  constitutes  a middle  term.  Many  in- 
sane refuse  all  food,  or  will  not  take  it  in  sufficient  quantities  for  a long 
time.  Some  patients  having  disease  of  the  stomach  do  the  same  from  fear 
of  pain,  etc.  In  many  non-febrile  diseases  of  the  lungs,  heart,  abdominal 
glands,  the  brain-inanition  is  produced  in  the  above  way,  or  through  means 
not  yet  fully  known.  A number  of  forms  of  chronic  poisoning  (by  lead, 
mercury,  arsenic,  malaria,  etc.),  lead  to  the  same  result. 

The  phenomena  of  chronic  anaemia  of  inanition  are  essentially  the  same  as 
those  which  appear  in  starved  animals.  The  body-weight,  functional  activity, 
and  the  excretions  gradually  diminish,  with  regularity  ; the  decrease  in 
various  organs  is  in  the  main  as  above  stated;  conditions  which  naturally 
do  not  prevent  the  development  of  new  tissues  (hypertrophy  of  organic 
muscular  fibres  above  stenosed  (narrowed)  apertures,  tuberculosis,  cancer, 
etc.).  The  blood  and  excretions  are  more  especially  affected  by  this  de- 
crease : the  urinary  secretion,  and  the  excretion  of  carbonic  acid  gas  (prob- 
ably) are  lessened.  Constipation  is  the  rule. 


The  most  striking  and  reliable  numerical  results  are  obtained  from  a study  of  the 
excretions  of  UREA.  An  adult,  receiving  a normal  amount  of  mixed  food,  excretes 
from  30  to  40  grm.  of  urea.  Ranke  found  that  on  the  second  day  of  inanition,  it  was 
17  grm.  Seegkn,  in  almost  complete  morbid  inanition  of  long  standing  (in  a 
woman),  determined  that  only  0.1  grm.  were  separated  in  twenty-four  hours.  Sche- 
rer, in  an  insane  person  who  had  starved  himself  for  several  weeks,  noted  a daily 
excretion  of  urea  still  amounting  to  9.5  grm.  Ranke  excreted,  while  taking  food  as 
usual,  9.0  grm.  of  Carbon,  and  only  7.5  grm.  while  fasting. 

In  many  cases,  especially  in  convalescence  from  severe  acute  diseases,  there  appears 
a special  tendency  to  the  separation  of  water  ; this  may  already  happen  when  the 
blood  contains  six  per  cent,  of  albumen.  Usually  the  oedema  affects  only  dependent 
parts  of  the  body  ( hydrops  gravitativus) . ( Vide  infra.) 


It  is  comparatively  rare  that  death  is  produced  by  pure  inanition.  Healthy 
men  can  withstand  hunger  and  thirst  but  little  more  than  a week,  very  seldom 
two  weeks  ; though  the  insane  can  fast  longer.  If  water  be  had  in  abund- 
ance the  fatal  issue  may  bo  put  off  to  the  fiftieth  day.  In  the  various  condi- 
tions referred  to  above,  death  is  usually  hastened  by  complicating  diseases, 
in  some  cases  by  pneumonia,  which  may  be  caused  by  fragments  of  food 
lodging  in  the  bronchi ; or  death  may  be  the  direct  result  of  the  primary 
disease. 

Incomplete  nourishment  considered  in  a qualitative  sense  does  not 
occur  in  man  in  such  a degree  as  to  cause  very  serious  results.  In  spite  of 
the  unsuitableness  of  the  food  used  by  different  classes  of  people,  by  nations 
in  various  zones,  there  usually  arises  no  peculiar  general  diseases,  if  no  indi- 
gestible articles  have  been  eaten,  and  if  there  have  been  no  actual  want  of 
food.  On  the  other  hand,  this  imperfect  feeding  tends  to  develop  a predis- 
position to  disease,  and  often  diminishes  the  resistance-power  of  the  body  to 
disease. 

The  eating  of  too  much  potatoes,  and  other  vegetables,  or  other  substances 
containing  but  little  nitrogen,  without  a sufficient  amount  of  albumen  as 
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corapcnsution,  makes  the  body  poorer  in  albumen  and  fats,  and  richer  in 
water.  This  last  (watery  state  of  the  body)  is  also  produced  by  overwork. 


c.  Chronic  an.emia  of  unknown  causation. 

The  types  of  anaemia  belonging  to  this  class  are  clinically  well  known, 
their  diagnosis  is  usually  easy,  and  in  many  of  them  certain  lesions  are  also 
found  after  death ; but  their  immediate  cause  is  wholly  unknown. 


a.  Chlorosis. 

By  the  name  chlorosis  we  sometimes  designate  a morbid  condition  which 
follows  diseases  which  produce  usually  pure  aiuemia  (so-called  symptomatic 
chlorosis),  and  sometimes  an  independent  ansemia,  appearing  under  peculiar 
conditions,  and  accompanied  by  greater  or  lesser  diminution  in  the  number 
of  red  blood-corpuscles  (the  so-called  pure  or  true  chlorosis).  We  shall 
only  consider  the  latter  in  this  place. 

The  blood  of  chlorotic  persons  shows  as  an  important  peculiarity,  a dimi- 
nution of  red  blood-globules  which  is  usually  considerable  ( oligocythcemia 
rubra );  the  proportion  of  red  corpuscles,  normally  from  120  to  130  per 
mille,  may  sink  to  50  and  less.  The  white  corpuscles  either  undergo  no 
change  or  are  somewhat  diminished.  Albumen  and  fibrin  are  also  present 
in  normal  quantity.  The  water  of  the  blood,  in  proportion  to  the  reduced 
number  of  red  globules,  ajq*ears  increased  [plethora  serosa).  The  total 
amount  of  blood  is  usually  not  altered. 


Duncan  (TFiV’/j.  SiUsber , 1807,  LV. , p.  416)  found  in  two  cases  of  chlorosis  (and 
one  of  leucocythaunia)  the  coloring  power  (depth  of  colors  of  the  blood,  as  compared 
with  that  of  healthy  blood,  to  be  0.30,  0.81,  and  0.37  : 1.  The  enumeration  of  red 
corpuscles  showed  no  diminution  (20,000  in  healthy  blood  to  about  20,000  in  the 
patients);  and  D.  concludes  that  diminished  number  of  red  corpuscles  cannot  be  the 
most  important  cause  of  the  chlorotic  color,  but  that  the  reason  of  it  lies  in  the  fact 
that  each  blood-corpuscle  contains  less  red  pigment.  In  some  acutely  sick  indivi- 
duals it  was  found  that  a O.cent.  of  blood  contained  the  coloring  power  of  six 
millions  of  red  globules;  while  in  chlorotic  girls,  in  patients  with  confirmed  phthisis, 
in  those  having  leucocythmmia,  a C.cent.  of  blood  had  the  coloring  power  of  only 
two  millions  corpuscles. 

Quincke  also  ( Virchow's  Archie,  1872,  LIV. , p.  537)  found  the  amount  of  ba'mo- 
globin  much  diminished  in  the  blood  of  chlorotic  patients.  In  one  case  it  was 
reduced  quite  to  one-third  of  the  normal  amount  (5.3  : 14.4) ; though  after  the  use 
of  iron  during  ten  weeks  it  had  quite  doubled  in  quantity.  In  this  case  the  number 
of  red  globules  was  distinctly  diminished,  and  they  sank  more  rapidly. 


The  conditions  which  determine  the  appearance  of  chlorosis  are : in  the 
first  placo,  the  female  sex,  and  the  age  between  fourteen  and  twenty-four 
years  ; bodily  and  mental  strains ; sexual  excitement ; occasionally  unfavor- 
able hygienic  conditions  with  resj>ect  to  food,  dwelling,  etc.;  perverted  edu- 
cation. 1 he  immediate  causes  of  chlorosis  are  unknown.  Probably  it  does 
not  consist  in  a sudden  disintegration  of  blood-corpuscles,  but  in  an  insuf- 
ficient new-formation  of  white  corpuscles,  and  a too  scanty  transformation 
of  these  into  red  corpuscles. 


The  ANATOMICAL  study  of  a few  severe  cases  of  chlorosis  has  showed,  as  a fre- 
quent lesion,  congenitally  deficient  formation  of  the  heart  and  large  arterial  trunks 
('*  hypoplasie  ” of  Virchow);  the  former  is  at  first  rather  small,  later  undergoes 
hypertrophy ; the  norta  is  strikingly  narrow,  its  walls  are  very  thin,  there  are  often 
anomalies  in  the  origin  of  its  branches,  and  wave-like  or  bar-like  elevations  of  the 
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membrana  intima,  and  extensive  fatty  degeneration  of  the  same  membrane  (ViR 
chow).  According  to  Rokitansky,  there  is  frequently  incomplete  development  of 
the  sexual  organs,  small  ovaries  containing  only  a few  follicles,  infantile  uterus,  etc. 
In  childbed  there  occasionally  occurs  a valvular  endocarditis,  which,  on  account  of 
its  endangering  life  so  much,  Virchow  calls  endocarditis  maligna.  Consult  Roki- 
tansky, Hand/),  der  rath.  Anat, .,  1840,  I.,  p.  558,  1844,  II.,  pp.  418,  485;  Lehrbueh, 
1856,  II.,  pp.  262,  337.  Virchow,  Oesam.  Abhdl.,  1856,  p.  494;  Wien.  med.  Wo- 
chensrhr.,  1857,  No.  27  ; Deutsche  Klinik,  1859,  No.  23;  Beitr.  z.  Oeburtsh .,  u.  s.  w., 
1872.  I.,  p.  323.  II.  Schulze,  JJcber  Chlorose,  Berlin.  Diss.,  1868. 

The  phenomena  of  chlorosis  are  pre-eminently  the  result  of  the  poverty 
of  the  blood  in  red  corpuscles  (oxygen-carriers).  Among  them  are  : the 
pale  color  of  the  skin  and  mucous  membranes,  especially  of  such  portions  as 
naturally  are  highly  colored  by  blood  ; weakness  of  the  voluntary  muscles 
(sense  of  fatigue,  indisposition  to  exertion,  etc.),  and  of  the  heart  (small, 
soft  pulse,  dilatation  of  the  heart,  murmurs  in  this  and  in  the  veins  in 
consequence  of  abnormal  tension  of  the  cardiac  valves  and  of  the  walls  of 
vessels);  shortness  of  breath,  especially  during  physical  exertion  (with  pro- 
longed expiration)  ; weakness  of  the  stomach  and  loss  of  appetite  (in  conse- 
quence probably  of  alteration  of  the  gastric  juice),  inertia  of  the  boWels 
(frequent  constipation);  abnormally  light,  pale  urine,  deficient  in  urea; 
frequently  scanty  and  pale  menstruation,  or  complete  amenorrhoea,  seldom 
menorrhagia.  It  is  not  unlikely  that  to  the  same  cause  are  also  due  the 
anomalies  in  the  nervous  functions  (hypersesthesia,  neuralgia,  cramps,  hys- 
teria, etc.  ; palpitation  of  the  heart,  tendency  to  rapid  action  of  the  heart, 
to  congestion,  etc.).  With  all  the  above  symptoms  the  deposit  of  fat  about 
the  body  often  remains  unchanged  or  even  seems  increased  (vide  p.  523), 
whereas  the  muscular  system  usually  diminishes  notably. 

Usually  chlorosis  ends  in  cure,  even  without  the  causes  ceasing  to  act, 
by  the  giving  of  preparations  of  iron  and  of  fatty  food.  Very  seldom,  and 
usually  through  complications,  it  causes  death. 


In  chronic  heart-disease  of  long  standing  (especially  common  valvular  lesions  (there 
is  produced  a condition  of  the  skin  and  of  the  composition  of  the  blood  similar  to  those 
existing  in  chlorosis,  the  so-called  cachexie  cardiaque  of  Andral.  The  constant 
cyanosis  of  the  mucous  membranes  serves  to  establish  the  diagnosis.  The  morbid 
condition  is  produced  by  lessening  of  the  force  of  the  heart,  by  lowering  of  pressure 
in  the  arterial,,  and  increase  in  the  venous  system ; by  consecutive  changes  in  the 
liver,  spleen,  kidneys,  stomach,  intestines,  lungs,  which  disturb  hasmatopo'iesis,  diges- 
tion, respiration,  etc. ; and  probably  also  by  peculiar  pigmentation  of  the  skin.  In 
these  cases  also  the  blood  is  poorer  in  red  corpuscles  and  richer  in  water. 


/3.  Addison’s  disease. 

In  this  disease,  besides  a general  extreme  anaemia,  there  are  observed  a 
peculiar  bronzing  of  the  skin  and  visible  mucous  membranes,  a special 
sense  of  weakness,  etc.  The  important  alterations  found  post  mortem 
consist  of  inflammatory  changes  in  the  supra-renal  capsules  and  cmliac 
plexus. 

Consult  Addison,  On  the  Const,  and  focal  Effects  of  Disease  of  the  Supra-renal 
Capsules , Bond.,  1855.— Bkown-Sequard,  Arch.  Gen.,  Oct.  and  Nov.,  1856.— 
Harley  Brit,  and  For.  Med.-Chir.  Renew.  Jan.  and  April,  1857.— Aveubeck,  Die 
Addison' sche  Krankheit,  1869.—  Robsbach,  Vvrchow's  Archie.,  L.,  p.  591,  LI., p.  100. 
_ rISbl,  D.  Archie  f.  klin.  Med.,  1870,  VII.,  p.  34.—  Bobknstein  ( Virchow  s ArcF, 
1872  LVI.,  27)  found  in  two  cases  of  morbus  Addisonii  an  important  decrease  in  the 
daily  excretion  of  urea  (13  to  20  grin.),  and,  in  accord  with  Averbeck,  a marked 
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increase  in  the  quantity  of  indican  (64  to  75  mgrm.  in  1,000  C.  cent,  of  urine, — eleven 
or  twelve  times  more  than  normal). 

[Consult  also:  I.  E.  Taylor.  On  the  Sunburnt  Appearance  of  the  Skin  a*  an  Early 
Diagnostic  Sign  of  the  Supra -lienal  Capsule  Disease,  Xeic  York  Journal  of  Med. , 1856, 
Sept . — E.  H.  Gjrkenhow,  Lectures  on  Addison's  Disease , in  Med.  Times  and  Gaz., 
1875,  March.  April,  May,  and  June. — Ed.] 

Biermhk  (Corr.-Bl.  f sehiceitz.  Aertze , 1871,  EL,  No.  1)  describes  a peculiar  form 
of  “progressive  pernicious  anaemia,’’  whose  development  is  accompanied  by  fatty 
degeneration  in  the  circulatory  apparatus  (heart  and  small  vessels  , by  capillary 
haimorrhages  in  the  skin,  retina,  brain,  etc.,  bj'  chronic  diarrhoea. 

Chronic  an.-kmia  occurs  in  many  diseases  of  the  spleen,  etc.  See  Leucocx 
TH.-KMIA. 

The  AN  AIM  I A of  OBESITY  has  already  been  referred  to.  See  Ranke,  p.  378. 


HI.  CHANGES  IN  THE  AMOUNT  OF  HAEMOGLOBIN  IN  THE  BLOOD. 

Hemoglobin  (haematogl  obu  lin , haunatocy  stall  in),  the  ferruginous  reel 
pigment  of  blood-corpuscles,  which  holds  iu  chemical  combination  oxygen, 
carbonic  oxide,  oxide  of  nitrogen,  and  which  is  easily  decomposed  by  acids 
(even  the  weakest),  alkalies,  etc.,  into  au  albuminous  body  (globulin),  and 
a ferruginous  pigment  (h.ematin),  is  but  little  known  pathologically.  Con- 
cerning changes  in  it  in  various  forms  of  suffocation,  vide  infra . 

The  following  important  data  are  extracted  from  the  investigations  of  Phkyek, 
especially  those  of  Subbotin,  X.  f Biol.  1871,  VII.,  p.  183.  The  blood  of  full- 
grown  animals  contains  more  blood  than  that  of  the  young.  Diseases  often  bring 
about  a decrease  in  the  quantity  of  hemoglobin.  In  a diabetic  girl  there  was  11.1 
per  cent  haunoglobiu  instead  of  13.2  (Preyeb).  After  large  ha?morrhagea  and  in 
chlorosis  the  reduction  may  go  to  5 per  cent.,  4.6  per  cent.,  and  even  lower.  The 
great  diminution  of  hemoglobin  in  disease  does  not  depend  upon  local  or  general 
starvation  of  the  organism,  for  a dog  starved  during  thirty-eight  days  still  showed 
13,33  per  cent  of  this  substance,  compared  with  13.80  per  cent  ou  the  first  day  of  the 
experiment.  Starved  herbivora  (rabbits)  even  exhibited  un  increase  of  hemoglobin  ; 
while  eating  their  usual  food  the  proportion  was  8.85  per  cent. ; after  fourteen  days 
of  starvation,  0.50  jier  cent.  Quite  different  from  the  results  obtained  in  complete 
inanition  are  those  observed  during  the  giving  of  insufficient  food,  by  which  the  blood 
(and  body  generally)  is  made  over-rich  in  water,  as  observed  by  BtSCUOFF  and  VoiT, 
during  the  feeding  of  herbivora  with  bread.  It  follows  from  the  researches  of  Scb- 
Botin  that  the  kind  of  food  used  has  great  influence  upon  the  amount  of  haemoglobin. 
A food  deficient  in  albumen,  or  much  non-nitrogenous  food,  or  the  accumulation  of 
fat  in  the  body,  reduces  the  amount  of  haemoglobin.  In  fat  animals  the  blood,  posi- 
tively diminished  in  quantity,  contains  relatively  less  haemoglobin  than  in  those  less 
fleshy  (Ranke). 

IV.  CHANGES  IN  THE  AMOUNT  OF  ALBUMEN  IN  THE  BLOOD. 

(HYP A LBUMINOSIS  AND  1IYPERAI.BUMINOSI8. ) 

Increase  and  decrease  of  the  albumen  in  the  blood  are  practically  of 
great  interest.  Their  occurrence  is  by  no  means  hypothetical,  since  the 
quantitative  estimation  of  albumen  can  be  very  exactly  made ; naturally 
only  relatively  to  a given  amount  of  blood,  not  to  the  whole  mass  of  the 
blood.  ’ 

Albumen,  which,  ns  is  well  known,  is  taken  up  by  blood  from  nitrogenous 
articles  of  food,  has  two  important  functions  : 1,  it  is  the  most  important 
substance  for  the  nutrition  and  growth  of  tissues  and  organs  ; 2,  it  possesses 
endosmotic  properties,  the  fluid  part  of  the  blood  having,  because  of  its 
contained  albumen,  the  property  of  taking  up  weak  solutions  from  the 
stomach,  intestines,  and  pareuchymata  as  well,  according  to  the  laws  of 
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endosmosis.  If  there  be  a decrease  of  albumen,  its  place  will  bo  taken 
either  by  water  or  salts  (especially  chloride  of  sodium),  in  the  proportion  of 
eight  to  ten  parts  of  albumen  of  the  serum  to  one  part  of  salts  (mingled  as 
is  usual  with  blood-salts). 


1.  Hypalbuminosis. 

The  amount  of  albumen  in  the  blood  may  decrease  from  80  per  mille  tc 
70,  50,  and  even  37  per  mille.  At  the  same  time  there  occurs  an  increase 
in  the  amount  of  salts,  and  especially  of  water  in  the  blood ; the  latter 
rising  from  905  per  mille  to  920,  940,  and  even  950  per  mille.  Hence  the 
word  HYDREMIA  is  often  used  as  synonymous  with  hypalbuminosis,  although 
it  may  be  applied  in  other  conditions,  as,  for  example,  in  relative  oligocy- 
thsemia.  Hypalbuminosis  is  usually  relative. 

The  causes  of  hypalbuminosis  are:  complete  want  of  food,  or  insufficient 
food  in  the  quantitative  or  qualitative  sense. 

During  inanition  the  total  amount  of  blood  is  not  diminished  much  more  propor- 
tionately than  the  mass  of  the  body ; the  solid  constituents  of  the  blood  are  not  much 
altered  from  the  normal ; it  is  only  the  solid  ingredients  of  the  serum,  albumen  iu 
particular,  which  constantly  diminish,  though  not  in  a striking  manner  (Panum). 
Naturally  the  same  result  is  produced  by  food  which  is  quantitatively  deficient,  or  is 
lacking  in  albumen. 

Disorders  of  gastric  and  intestinal  digestion  act  in  the  same  manner,  for, 
in  consequence,  food  is  not  taken,  or  the  digestion  and  absorption  of  what  is 
taken  is  rendered  difficult  or  altogether  prevented  ; this  being  the  result  of 
primary  and  secondary  diseases  of  these  parts,  such  as  occur  in  severe  febrile 
conditions ; severe  acute  diseases  of  all  kinds ; severe  affections  of  the  liver, 
spleen,  lungs,  heart,  mechanical  ascites,  etc. ; morbid  losses  of  albumen  by 
haemorrhage  of  all  kinds,  as  well  as  by  escape  of  albuminous  fluids  (albu- 
minuria, albuminous  stools,  as  in  dysentery,  excessive  lactation,  long-con- 
tinued suppuration,  large  transudations  or  exudations,  etc.),  are  followed 
by  hypalbuminosis  as  soon  as  the  quantity  of  food  ingested  is  not  sufficient 
to  replace  the  lost  albumen.  Of  greatest  practical  importance  in  this  con- 
nection is  albuminuria,  i.e.,  the  escape  of  albumen  through  the  kidneys. 
This  most  often  occurs  in  consequence  of  change  in  the  blood-pressure,  either 
in  the  renal  vessels  alone  (congestive  hypersemia,  vide  p.  181  and  p.  18(>), 
or  in  those  of  the  whole  body,  more  particularly  in  its  lower  half  (in  severe 
febrile  diseases,  universally  lessened  pressure  from  cardiac  weakness,  suffo- 
cation, chronic  cardiac  diseases).  Alterations  in  the  parenchyma  of  the 
kidneys  may  be  present  (in  all  prolonged  cases)  or  absent.  Or  else  albu- 
minuria is  caused  by  true  disease  of  the  renal  substance  (the  so-called  second 
stage  of  Bright’s  disease,  lardaceous,  granular  kidney  ; more  rarely  other 
renal  diseases).  Or,  it  is  of  unknown  origin  (as  in  diphtheria,  scarlet  fever, 
etc.  ; refrigeration,  burning).  It  is  questionable  if  besides  this  albuminuria 
of  renal  origin  there  is  one  of  hsemic  origin  (as  in  experimentally  produced 
dilution  of  the  blood  by  injections  of  water,  the  withdrawal  of  chloride  of 
sodium,  by  injection  of  albumen  in  the  vessels).  The  albumen  which  is 
excreted  through  the  kidneys  is  usually  serum-albumen,  seldom  paraglobulin, 
paralbumen,  etc.  The  amount  of  albumen  excreted  in  this  way  varies  in 
different  cases  from  one  to  two  to  twenty  and  twenty-five  grm.  in  twenty- 
four  hours.  Quantities  not  exceeding  five  grm.  are  not  of  importance  in 
this  connection. 
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In  the  so-called  second  stage  of  Bright’s  disease,  that  of  inflammatory  swelling  of 
the  kidney,  the  quantity  of  albumen  lost  in  the  urine  is  much  larger  than  in  the 
granular  kidney;  in  the  former  the  albumen  may  amount  to  three  per  cent,  (and 
more),  which  is  equivalent  to  twenty  grin,  (and  more)  per  diem,  while  with  the  con- 
tracted kidney  the  albumen  may  not  even  equal  as  much  per  inille.  (Bartels.) 

Vogel  and  Neubacek  ( Analyte  ties  Hams,  1872,  pp.  207-8)  estimate  that  in 
uncomplicated  (by  fever,  etc.)  cases,  and  in  a normal  state  of  the  digestive  organs,  a 
daily  loss  of  ten  grm.  of  albumen  can  be  replaced  by  the  ingestion  of  three  ounces  of 
meat. 

Consult  Bartels  in  Volkmann,  Klin.  Vortrage,  1872,  No.  23;  Mitth.f.  d.  SeJUesw.  - 
Holst.  Aerzte.  1872,  4.  II. , p.  41. 

Hemoglobinuria,  that  is  to  say,  the  passage  of  urine  continuing  blood-pigment 
(though  without  blood-corpuscles),  and  showing  the  spectrum  lines  characteristic  of 
hemoglobin,  occurs  in  similar  circumstances. 

[For  loss  of  concealed  blood-pigineut  in  urine,  consult  G.  Harley,  The  Urine  and  its 
Derangements.  Bond.,  1872. — Ed.] 

That  in  loss  of  albumen  through  the  kidneys  in  nephritis  not  only  the  serum  suffers, 
but  that  also  the  solid  ingredients  of  blood-corpuscles  are  lessened,  was  shown  by 
Quincke’s  investigations  into  the  amount  of  haemoglobin  contained  in  the  blood  ( Vir- 
chow's ArcJtic , 1872,  LIV.,  p.  537).  In  several  cases  of  nephritis  with  varying  degrees 
of  oedema,  there  were  found  in  100  grm.  of  blood,  8.5,  10.3,  11.4  gnn.  of  haemoglobin, 
instead  of  the  normal  amonnt,  about  14.4  grm. 

The  phenomena  and  consequences  of  hypalbuniinosis  are:  1.  Disturb- 
ances of  endosmosis  and  exosinoais  between  the  blood  on  the  one  side, 
and  gastric  and  intestinal  contents,  parenchymatous  fluids  on  the  other. 
In  consequence  there  is  diminished  absorption  of  nutritive  material  from 
the  digestive  tract,  and  thereby  an  increase  of  hypalbuniinosis;  and  also 
increased  or  more  easy  escajie  of  the  liquid  of  the  blood  into  tissues,  hence 
dropsy  ( vide  p.  234).  2.  Insufficient  formation  of  digestive  fluids  (of 

stomach  and  intestines,  the  bile,  etc.).  3.  Altered  nutrition  and  repair  of 
tissues.  From  the  above  conditions  there  appear  later  changes  similar  to 
those  observed  in  chronic  inanition,  (vide  p.  533),  and,  especially  often, 
albuminuria. 


2.  IIyperalbuminosis. 

Although  we  know  pretty  well  the  quantity  of  albumen  which  the  blood 
generally  contains,  we  are  as  yet  wholly  without  exact  data  upon  the 
questions  of  variations  in  the  amount  of  albumen  in  various  physiological 
conditions  (before  and  after  eating,  at  different  ages,  after  the  use  of  differ- 
ent articles  of  food,  etc.).  For  these  reasons  we  cannot  now  consider  a 
minor  degree  of  hyperalbuminosis  as  pathological. 

The  diet  of  English  pugilists,  that  used  in  the  training  of  race-horses,  aims  to 
render  the  body  poor  in  fat  and  rich  in  circulation-albumen  by  the  giving  of  an 
almost  exclusively  albuminous  food.  (VoiT.) 

IIyperalbuminosis  is  relative  or  absolute.  Relative  hyperalbuminosis 
occurs  in  consequence  of  conditions  by  which  the  blood  loses,  simul- 
taneously, much  water  and  salts,  and  little  or  no  albumen  : as  in  cholera, 
more  rarely  in  other  diarrhceas,  after  the  giving  of  drastic  purgatives.  It 
is  probable  that  this  relative  hyperalbuminosis  cannot  long  remain,  because 
the  blood  quickly  takes  up  water  (in  consequence  of  the  colloid  properties 
of  albumen)  from  food  and  drink,  as  well  as  from  the  tissues,  in  this 
manner  relative  hyperalbuminosis  disappears,  or  absolute  hyperalbuminosis 
is  established. 

Absolute  hyperalbuminosis,  i.e.}  the  increase  of  the  whole  of  the 
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albumen  in  the  blood,  is  not  as  yet  demonstrable,  because  we  do  not  exactly 
know  the  total  quantity  of  blood  in  the  body.  Its  causes  are  probably  a 
very  great  abundance  of  proteinaceous  food  with  simultaneous  small 
amount  of  muscular  exertion,  and  feeble  respiration. 

Y.  CHANGES  IN  THE  AMOUNT  OF  WATER  IN  THE  BLOOD. 

The  amount  of  water  in  the  blood,  in  its  corpuscles  as  well  as  in  the 
plasma,  normally  varies  according  to  age,  sex,  kind  of  occupation,  and 
more  especially  according  to  the  kind  and  amount  of  food.  During  the 
period  of  digestion  it  is  diminished,  whereas  all  other  constituents  are  in- 
creased. The  reverse  is  the  case  in  the  fasting  state.  Long-continued 
eating  of  meat  lessens  the  quantity  of  water,  while  a vegetable  diet  in- 
creases it.  Abundant  drinks  do  not  augment  it,  or  do  so  only  temporarily, 
as  the  extra  fluid  is  quickly  excreted.  The  blood  immediately  after  pro- 
longed muscular  exertion  appears  poorer  in  water  than  in  a state  of  rest. 

1.  Diminution  of  the  amount  of  water  in  the  blood. 

A diminution  of  the  water  of  the  blood  is  observed  after  the  action  of 
purgatives,  after  severe  common  diarrhoea,  dysentery,  and  especially  cholera, 
owing  to  abundant  transudation  from  the  blood  into  the  intestines ; it 
occurs  also  in  experimental  or  therapeutical  water-starvation.  In  cholera 
the  blood  may  be  so  much  deprived  of  water  that  it  assumes  a tar-like 
consistency.  At  the  same  time  the  serum  becomes  richer  in  albumen  and 
salts,  particularly  in  potassa  salts  and  phosphates.  The  latter  derive  from 
the  blood-corpuscles,  which  are  consequently  impoverished,  and  probably 
in  part  perish.  Later,  the  blood  becomes  richer  in  urea,  owing  to  more  or 
less  complete  arrest  of  the  excretion  of  this  body  by  the  kidneys,  and  in 
spite  of  a certain  amount  of  excretion  by  the  skin.  Other  products  of 
decomposition  (sugar)  are  present  in  larger  quantities. 

Immediately  after  muscular  exertion  the  blood  contains  a smaller  percentage  of 
water  than  during  a state  of  repose,  because  the  products  of  muscular  waste  at  first 
accumulate  in  it.  Iu  deprivation  of  food,  or  when  the  amount  of  food  is  insuffi- 
cient to  replace  the  great  waste  attending  labor,  the  muscles  and  the  entire  organ- 
ism become  richer  in  water,  and  ultimately  the  blood  becomes  so  too.  Thus  it 
appears  that  excessive  work  produces  the  same  effect  as  prolonged  loss  of  fluids. 
Above  all,  the  amount  of  water  in  the  blood  stands  in  direct  relation  to  that  in  the 
tissues : the  more  water  is  contained  in  the  latter,  the  more  there  is  in  the  former. 
(Schottin,  Ranke.) 

The  phenomena  and  consequences  of  diminution  of  the  amount  of  water 
in  the  blood  are  dependent:  in  the  first  place  upon  this  diminution 
itself;  next  upon  lessened  humidity  of  the  tissues,  the  blood  quickly  ab- 
sorbing their  water  (even  serous  effusions  of  long  standing  may  thus  be 
taken  up) ; lastly,  upon  a secondary  alteration  in  the  circulation.  Through 
a combination  of  the  above  conditions  there  appears  in  typical  cases  a 
characteristic  group  of  symptoms,  which  we  see  especially  well-marked  in 
the  first,  so-called  asphyxial,  stage  of  Asiatic  cholera. 

The  other  consequences  of  diminution  of  the  water  of  the  blood  are  : 
great  thirst,  whoso  sudden  gratification  is  often  followed  by  vomiting; 
diminution  of  all  secretions  (urine,  saliva,  cutaneous  exhalations,  milk) ; 
collapse  of  external  parts  of  the  body,  especially  of  the  skin  and  subcu- 
taneous fat : the  skin  appears  wrinkled,  loses  its  elasticity,  so  that  its  folds 
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remain  longer  in  one  position  than  in  the  normal  state ; the  nose  becomes 
pointed  ; the  eyes  are  much  sunken.  Muscular  pains,  and  the  frequent 
local  cramps  are  probably  due  to  the  same  cause,  or  more  particularly  by 
concentration  of  the  body-fluids. 

Besides,  there  are  a number  of  conditions  which  are  in  part  the  direct 
result  of  the  reduction  of  the  water,  and  in  greater  consequences  of  retarda- 
tion of  the  circulation.  This  retardation  is  chiefly  owing  to  diminution  of 
the  intercellular  liquid  of  the  blood,  which  produces  a relative  increase 
in  red  blood-corpuscles;  in  part,  probably,  due  to  changes  in  the  physical 
and  chemical  properties  of  the  red  globules  (the  cyanotic  hue  of  the  skin 
being  due  to  their  deeper  color) ; lastly,  to  secondary  disorders  of  the  nerv- 
ous system.  The  skin  and  visible  mucous  membranes  are  colored  gray  or 
grayish ; the  temperature  of  the  skin  is  much  lowered  : we  have  the  so- 
called  algid  stage.  The  pulse  gradually  disapj>ears,  first  in  smaller  arte- 
ries, then  in  larger  ones,  lastly  in  the  heart.  In  consequence  of  retarded 
movements  of  the  blood  in  the  pulmonary  capillaries,  the  expired  air  con- 
tains less  carbonic  acid ; patients  experience  sensations  of  oppression. 
The  entire  muscular  system  is  the  seat  of  fatigue;  the  voice  for  this  reason 
is  toneless.  There  not  rarely  appear  peripheral  muscular  cramps,  as  well 
as  hiccough,  which  are  jjerhaps  produced  by  free  potassa  salts  in  the  serum. 
The  proper  brain-functions  remain  normal ; there  is  usually  complete  con- 
sciousness, rarely  syncope ; there  are  frequent  complaints  of  darkened 
vision,  of  tinnitus  aurium.  Reflex  excitability  is,  as  a rule,  diminished. 

If  a frog  be  allowed  to  sit  a long  time  in  a concentrated  solution  of  chloride  of 
sodium,  or  if  this  be  injected  subcutaneously,  a well-marked  cataract  is  formed 
(Kunde).  Is  this  in  consequence  of  withdrawal  of  water  from  the  crystalline  lens  ? 

The  return  to  the  normal  state  in  mild  cases  usually  quickly  takes  place 
by  the  taking  in  of  large  quantities  of  fluid.  In  severe  eases  this  is  made 
difficult,  because  the  liquids  are  again  evacuated  by  vomiting  or  by  stool, 
and  death  ensues  through  impediment  to  the  circulation  or  respiration, 
through  the  presence  of  abnormal  quantities  of  certain  substances,  as 
potassa  salts,  and  phosphoric  acid  in  the  blood,  or  through  various  second- 
ary (often  inflammatory)  affections. 

2.  Increase  ok  the  amount  of  watf.u  in  the  blood. 

In  disease,  this  condition  occurs  under  all  the  conditions  which  bring 
about  a reduction  of  the  total  amount  of  blood,  especially  losses  of  blood 
and  albuminous  substances  (vids  p.  510  and  p.  526),  as  well  as  inanition 
from  whatever  cause;  it  is  produced,  furthermore,  by  interference  with  the 
excretion  of  water  through  the  kidneys  (even  after  experimental  removal 
of  these  organs,  or  ligature  of  the  ureters),  through  the  skin  ; perhaps  also 
in  extensive  burns.  (In  pregnancy?) 

The  phenomena  and  consequences  of  hydremia  are  in  part  like  those  of 
anannia  and  of  hypalbuminosis  (vide  supra)]  and  often  hydremia  is  the 
most  important  cause  of  so-called  cachectic  or  hydremic  dropsy  (vide  p. 
234).  Ihis  dropsy  makes  its  appearance  often  without  other  cause,  at 
times  through  the  concurrent  action  of  relatively  slight  mechanical  cause 
o!  the  most  various  sort.  Its  mechanism  consists  in  the  not  as  yet  fully 
known  physical  and  chemical  laws  which  determine  increased  filtration 
and  diffusion  of  the  water  of  the  blood  into  the  tissues. 

Bernstein  (Med.  CsntrcUbt. , 1807,  No.  1)  observed  after  injections  of  fluid  (water 
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or  blood  : in  rabbits  25  C.  cent.,  in  dogs  45  C.  cent.)  a diminution  in  the  number  of 
arterial  pulse-beats,  persisting  for  a few  minutes,  and  gradually  passing  to  the 
normal.  Ihis  reduction  of  pulse -rate  produced  by  increased  blood-pressure  took 
place  through  the  vagi.  ’ 

Becquerel  and  Ropier  believe  that  dropsy  (which  they  called  symptom- 
atic dropsy)  must  occur  if  there  be  6%  of  albumen  in  the  blood  ; though  this 
occurs  only  with  simultaneous  increase  of  pressure.  Dropsy  may  be  pro- 
duced by  injecting  an  abundance  of  water  into  the  vessels  of  an  animal 
(Bonders,  Kierulf,  R.  Hermann);  but  it  quickly  disappears  because  of 
increased  urinary  secretion,  if  the  kidneys  be  healthy.  We  are  not  refer- 
ring in  this  place  to  a mere  artificial  serous  cachexia,  for  the  force  of  the 
heart  gradually  diminishes,  and  accumulation  of  blood  takes  place  in  the 
veins,  it  blood  be  replaced  by  water.  Abundant  drinking  does  not  conduce 
to  dropsy. 

That  blood  deficient  in  albumen  escapes  more  easily  from  the  vessels  is 
shown  by  the  following  experiments  (among  others)  of  BrOcke.  A frog, 
one  of  whose  sciatic  nerves  was  cut,  placed  in  a large  glass  vessel  upon  a 
piece  of  moist  filtering  paper,  showed,  after  a few  weeks,  oedema  of  the 
palsied  leg.  Upon  the  frog’s  being  fed  with  meat-worms,  the  oedema  quickly 
disappeared;  returned  in  inanition;  and  disappeared  again  under  the  in- 
fluence of  food,  etc. 

i 

VI.  EXCESS  OF  FAT  IN  THE  BLOOD. 

t » 

An  excessive  proportion  of  fat  in  the  blood  may  show  itself  under  two 
entirely  different  circumstances. 

Either,  as  a result  of  crushing,  suppuration,  disintegration,  the  fat  of  sub- 
cutaneous connective  tissue,  and  (especially)  of  the  marrow  of  bones,  is  taken 
up  by  lymphatic  vessels  or  directly  by  bloodvessels,  and  produces  embolism 
of  the  pulmonary  capillaries,  more  seldom  of  the  capillaries  of  other  organs; 
these  emboli  being  absorbed  in  an  unknown  manner  without  doing  any  mis- 
chief, or  else  producing  local  alterations,  metastatic  hyperaemia,  inflamma- 
tion,  etc.  (vide  p.  200,  p.  209,  and  Pyaemia). 

Or,  the  superfluous  fat  is  dei'ived  from  the  food.  We  here  only  consider 
the  fat  thus  derived,  the  so-called  fatty  or  c hylous  blood-serum. 

This  is  observed  a few  hours  after  a meal  containing  an  abundance  of 
fatty  material,  perhaps  independently  of  this  in  habitual  drinkers.  The 
blood-serum  may,  in  this  way,  become  so  milky,  that  it  will  show  upon  its 
surface  a cream-like  layer,  containing  innumerable  small,  and  a few  large 
oil-globules. 

The  consequences  of  habitual  chylous  blood  are  not  thoroughly  known. 
In  many  cases,  with  simultaneous  sedentary  habits,  there  arises  fatty  ab- 
dominal deposit.  There  occurs  also,  probably,  a lessening  of  the  absorption 
of  oxygen  by  the  blood-corpuscles.  Under  a regimen  rich  in  hydro  carbons, 
and  deficient  in  albumen,  the  so-called  fatty  degeneration  of  tissues  (muscles, 
liver)  may  appear  acutely.  In  such  circumstances  also  fluid  fat  is  some- 
times found  in  the  blood. 

VII.  CHANGES  IN  THE  FIBRIN  OF  TIIE  BLOOD. 

Such  changes  are  not  yet  known  with  certainty,  because  we  have,  until 
recently,  been  acquainted  only  with  so-called  coagulated  fibrin,  its  insoluble 
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(in  water)  form,  because  separate  study  of  fibrino -plastic  substance  and  of 
fibrinogen  was  not  yet  possible;  and  because  the  statements  concerning  in- 
crease or  decrease  of  fibrin  in  disease  (so-called  iiyperinosis  and  hypinosis) 
were  nearly  all  based  upon  increased  rapidity  of  coagulation,  and  upon  the 
firmer  consistence  of  the  clot  derived  from  blood-letting. 

[Consult:  Williams,  Principle*  of  Medicine , Phila.,  1857,  p.  150.  Andral  et 
Gavarbet,  Recherche s aur  le»  modifications  depropuertion  de  qudques  principes  du  sang 
( JUrrine , globules,  etc.)  in  Ann.  de  chimie  et  de  physique,  t.  LXXV.,  Nov.  1840.— Ed.] 

IIypekin'OSIS  is  said  to  be  present  in  inflammatory  diseases,  especially 
those  of  the  respiratory  organs,  of  serous  membranes,  and  of  articulations ; 
HYPiNoais  in  scorbutus  and  analogous  states. 

Increased  coagulability  of  fibrin  in  the  living  body,  ixopexia,  is  said  to 
be  the  cause  of  the  formation  of  thrombi. 


TILL  PLETHORA. 

(POLY1IAJMIA.  REPLETION.) 

Plethora  is  the  name  given  to  that  condition  in  which  the  mass  of  the 
blood  is  absolutely  increases!,  and  in  which  its  composition  is  not  materially 
changed.  But,  as  we  do  not  know  what  the  normal  amount  of  blood  is, 
the  existence  of  true  plethora  cannot  as  yet  be  demonstrated. 

The  total  mass  of  blood  in  the  adult  is  at  the  present  time  considered  to 
amount  to  ^ to  ^ of  the  weight  of  the  body : in  the  newly-born  it  is 
smaller,  according  to  several  observers,  only  ; in  old  age  it  gradually 
diminishes. 

Compare  the  physiological  researches  (differing  much)  of  Ed.  Weber  and  Leh- 
mann. of  Wklckkr,  Bibchopf,  Panum,  Hkidkmhain,  Gbchkidlkn,  Brozhit, 
Suhbotin,  Ranke.  Steinberg,  and  others.  Fattened  animals  have  a relatively 
smaller,  starved  animals  a relatively  larger  amount  of  blood. 

Many  conditions  designated  as  plethora  are  probably  the  following  states: 

Pot.Y<  yth.emia  (polycythseuiia  rubra),  that  is  to  say,  an  increase  in  the 
number  of  red  corpuscles.  Yet  this  condition  cannot  sis  yet  be  satisfactorily 
demonstrated,  because  the  methods  now  used  to  enumerate  the  corpuscles 
are  not  sufficiently  exact,  and  because  the  number  of  red  globules  probably 
varies  a good  deal  in  physiological  conditions.  Such  a difference  in  num- 
bers appears  to  have  been  demonstrated  only  with  reference  to  the  male  and 
female  sexes.  Polyhaunia,  and  polycythauuia  as  well,  are  in  most  cases 
only  transitory  states. 


PANUM  (T  I rebate's  Archie.  XXIX.,  p.  481)  observed  that-  the  blood  of  young  dogs 
was  much  richer  in  solid  constituents  than  that  of  their  mother.  Comparisons  of  the 
solid  residue,  of  the  specific  gravity,  anil  of  the  coloring  property  of  the  whipped 
blood,  showed,  further,  that  it  was  extraordinary  richness  in  red  corpuscles  which 
distinguished  the  blood  of  the  bitch  from  that  of  the  puppies.  This  is  in  accordance 
with  the  results  of  Denis  and  Poggialk.  Besides,  Panum  found  that  the  concen- 
trated blood  of  the  newly-born  soon  becomes  poorer  in  solid  ingredients  (especially 
blood-globules),  and  richer  in  water  and  fibrin  ; and  that  later,  after  gTowth  is  com- 
plete, it  again  contains  more  solids,  without,  however,  ever  attaining  the  proportions 
present  in  the  newly-bom. 

According  to  Andral  and  Gavarret,  and  DELAFOND(,4nn.  de  chimie  et  de  physique, 
1842),  the  blood  of  the  strongest  animals  on  the  average  contains  the  largest  propor- 


544 


PLETHORA. — POLYCYTII2EMI A . 


tion  of  red  globules.  The  number  of  blood -globules  in  the  sheep  being  taken  as  a 
standard  at  93,  there  was  found  in  finer  and  stronger  sheep  an  amount  equal  to  101- 
110,  and  in  the  strongest  sheep  of  the  drove  123.  Vierokdt  (Archie  f.  phys.  IleiUc. , 
1854,  p.  400)  found  in  a marmot  during  hibernation  (in  1 C.  cent  of  blood)  7,748,000 
globules  on  November  1st;  5,100,000  on  January  5th;  and  2,335,000  on  February 
4th. 

Polyhaemia,  or  especially  polycythaemia,  makes  its  appearance : in  young 
individuals,  and  in  the  period  of  greatest  development,  especially  if  the  per- 
sons have  experienced  a change  from  bad  diet  with  much  labor  to  better 
food  and  diminished  exertion ; Avlien  habitual  haemorrhages  are  suppressed 
(menstruation,  nose-bleed,  luemorrhoidal  flux,  regular  venesection) ; when 
the  secretion  of  abundantly  suppurating  sores  is  arrested ; sometimes  after 
transfusion. 

According  to  Andral  and  Gavarrkt,  and  others,  the  blood  in  the  last  months  of 
pregnancy  becomes  poorer  in  red  corpuscles  and  albumen,  richer  in  white  corpuscles, 
fibrin,  and  water.  Spiegel  berg  and  Grcheidlen  (Archie  f.  Gynak. , 1872,  IV.,  p. 
112)  observed  in  bitches  during  the  first  half  of  pregnancy  no  increase  in  the  amount 
of  blood,  a change  which  does  take  place  soon  after  the  middle  period  of  pregnancy. 
In  this  increase  the  change  in  the  amount  of  water  is  unimportant,  it  may  even  not 
occur  ; the  amount  of  haemoglobin  diminishes  within  limits  allowed  by  nutrition. 

The  ingestion  of  nutritious  and  abundant  food,  during  an  inactive  life, 
seldom  leads  to  the  development  of  a plethoric  condition,  but  usually  con- 
duces to  corpulency.  This  luxurious  living  involves  excess  in  all  articles 
of  food,  or  in  a few.  In  the  first  case  no  attention  is  to  be  paid  to  the 
water  and  salts  ; as  excessive  quantities  of  these  are  at  once  excreted,  water 
through  the  skin  and  kidneys,  salts  through  the  kidneys.  With  an  abun- 
dant supply  of  nitrogenous  and  non-nitrogenous  foods  the  body-weight 
increases,  the  fat  especially  increasing ; a copious  supply  of  nitrogenous  food 
augments  the  excretion  of  urea  extremely ; the  use  of  much  fat  or  h vdro-car- 
bons  diminishes  it.  If  a superabundance  of  easily  oxidized  non-nitrogenous 
substances  (fats,  hydro-carbons)  be  taken,  the  amount  of  fat  becomes  greater. 
With  respect  to  this  it  is  yet  doubtful  whether  the  fatty  deposit  derives 
directly  from  the  superfluous  fat  in  the  food,  or  whether  it  is  formed, 
indirectly,  from  the  carbo-hydrates  on  the  one  hand,  and  from  albuminous 
bodies  on  the  other.  Fat  is  deposited  if  only  so  much  food  be  taken  that 
the  albumen  contained  in  it  will  not  suffice  to  oxidize  the  ingested  fat;  or 
if,  together  with  albumen  and  fat,  so  much  carbo-hydrate  reach  the  blood 
that  it  (being  more  easily  burned)  will  protect  the  fat  from  oxidation.  Fat 
may  be  formed  out  of  albumen  if  a sufficient  amount  of  carbo-hydrates  be 
present  in  the  blood  in  addition  to  the  albumen.  No  fat  is  formed  directly 
from  carbo-hydrates.  As  a result  of  excessive  ingestion  of  nitrogenous 
substances  there  occurs  a decomposition  of  the  non-nitrogenous  (glycogen, 
sugar),  and  the  nitrogenous  compounds  of  the  body.  The  latter  products 
ultimately  appear  in  the  urine  as  urea,  uric,  and  hippuric  acids. 

The  majority  of  the  questions  which  come  up  here  for  consideration  belong  to  the 
domain  of  the  pathology  of  nutrition.  Those  conditions  which  determine  fattening 
are  of  physiological  and  agricultural  interest  (vide  p.  400).  In  the  last  decade  the  sub- 
ject of  diminution  of  fat,  the  so-called  Banting  cure,  has  acquired  importance  in 
the  eye  of  physicians.  If  we  wish  to  bring  about  an  increase  of  fat  we  must  pre- 
vent an  accumulation  of  the  circulating  albumen,  that  is  to  say,  prevent  an  increase 
of  the  intermediate  fluids  of  nutrition.  In  a fat  body  the  albumen  derived  from 
food  is  much  more  easily  changed  to  organ-albumen,  than  in  a lean  body,  in  which 
it  goes  to  increase  the  amount  of  circulating  albumen,  and  is  shortly  in  greater  part 
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destroyed.  There  is.  conversely,  more  fat  destroyed  and  more  of  the  stored-up 
fat  decomposed,  if  there  be  a large  amount  of  circulating  albumen,  as,  for  exam- 
ple. during  the  eating  of  an  abundance  of  meat.  There  is  then  next  to  no  fat 
produced,  and,  on  the  contrary,  that  which  was  laid  by  is  reduced  (Pkttenkokkr 
and  Vorr,  also  Voit,  ZeiUchr.  f.  Bwl.,  V.,  p.  79,  p.  329,  IX.,  p.  1). 

The  manifestations  of  polyhsemia  should  be  : increased  sense  of  strength, 
a red,  full  face  (in  the  dark  complcxioned  there  is  a turgid,  tense  skin 
without  redness  of  the  cheeks,  bright  red  mucous  membranes,  full  pulse, 
strong  cardiac  impulse,  full  veins.  Such  individuals  are  theoretically 
healthy,  but  they  suffer  severely  from  morbid  manifestations.  They  fre- 
quently have  congestion  of  the  brain,  palpitation  of  the  heart,  a sense  of 
fulness  in  the  chest,  shortness  of  breath  ; and  all  of  these  more  severely  if 
usual  haemorrhages  are  suppressed.  It  is  not  demonstrable  that  serious 
secondary  results  (cardiac  hypertrophy,  etc.)  are  produced  by  long-con- 
tiuued  polyhaunia,  or  by  its  frequent  return. 

The  symptoms  of  plethora  are  likewise  seen  in  transfusion,  if  it  be  done  too 
rapidly  or  with  too  large  a quantity  of  blood.  Even  paralysis  of  the  heart  and 
death  may  result  from  over  filling  and  distention  of  the  right  heart  (Panum  L c., 
Mitti.kk,  Venn.  ub.  die  Tntmf union  ,ie*  Bints*,  Wien.  Sittungtber .,  Nov.,  1808). 
Ludwig  (oral  communication)  was  able  to  inject  into  a dog  double  the  amount  of 
the  blood  in  its  body,  without  olwwirving  any  important  symptoms  except  a slight 
increase  in  blood-pressure.  We  have  as  yet  no  researches  on  the  excretion  of  car- 
bonic acid,  nitrogen,  etc.,  in  this  condition. 

By  the  name  of  plethora  apocoptica  is  meant  the  supposed  increase  of 
blood  which  occurs  in  consequence  of  the  sudden  removal  of  a large  part 
of  the  body,  as,  for  example,  amputation  of  an  extremity : the  organism 
contains  the  same  amount  of  blood  as  before  the  operation. 

O.  Wkher  {Htndb. , p.  585),  who  has  attempted  to  solve  the  question  of  the  exist- 
ence of  pis  thorn  apocoptica  by  measuring  the  blood-pressure,  found  that  after 
amputation  of  a whole  hind  leg  in  a dog  the  blood-pressure  in  its  carotid  artery 
was  diminished.  The  traumatic  fever  which  follows  the  ojwration  increases  the 
waste  so  much  that  a true  increase  of  the  amonnt  of  blood  does  not  occur. 


IX.  LEUCOLYTHAMIA. 


J.  H.  It kn nett.  BtVnb.  MM.  and  Burg.  Journal , Oct..  1845;  ibid. , Jan.  and  April, 
1851,  XIII.,  p.  328.  —V radio w,  Proriep't  Not.,  Nov.,  1K45,  p.  780;  Mai.  Ctr  licit. . 
1840,  Nos.  34,  86  ; Geo,,,,.  Abhdl,  I..  p.  149,  p.  191  ; Arshir.  1847.  I.,  p.  503,  II., 
p.  587,  V.,  p.  79. — J.  ll.  Bennett,  On  l^eucocythirmia,  1852. — Vooel,  Virchow'* 
Arshin,  III.,  p.  570. — U iii.K,  in  idem.,  V.,  p.  370. — Vidal,  Oaz.  hebds/m.,  1850,  Nos. 
7-15. — TiMKREELnitR  and  Uhlb,  Arch.  f.  Phg*.  Heilk.,  1858,  p.  441.— Mosi.KB, 
Berlin,  kirn.  Wochentchr.,  1807;  Bis,  Path*,  und  ThcrapU  d Unhnnie,  1872.— Neu- 
mann, Arch.  d.  Iltilk.,  1809,  XI.,  p.  1. — Waldkykr,  Virchmo*  Archie,  LII.,  p.  3. 


Consult  also  the  literature  of  lymphatic  new-formations,  p.  459  ; and  p.  439. 


Leucooyth.emia,  or  leuk.emia,  that  is  to  say,  increase  of  the  white 
corpuscles  of  the  blood  with  simultaneous  diminution  of  red  corpuscles,  is 
a transitory  and  symptomatic,  or  a chronic  anti  essential  disease.  In  both 
forms,  the  affection  does  not  simply  consist  in  an  increased  formation  of 
white  corpuscles,  but  also  in  checked  transformation  of  them  into  red 
corpuscles. 


1. 

COt’YT 


Symptomatic,  usually  transitory  leuuocythemia  : the  so-called 
rosis.  Ibis  form  occurs  in  pregnancy,  after  large  luemorrliages  (vide 
35 
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]>.  519),  in  many  inflammations,  in  a few  acute  and  chronic  diseases 
(oholera,  acute  yellow  atrophy  of  the  liver,  pyrnmia,  intestinal  mykosis, 
tuberculosis,  cancer,  syphilis,  intermittent  fever).  Its  probable  causes  are 
in  many  cases  found  to  be  acute  or  chronic  enlargement  of  the  spleen,  or 
of  groups  of  lymphatic  glands  (as  the  bronchial  glands  in  pneumonia). 
The  number  of  white  corpuscles,  in  proportion  to  that  of  the  red,  may  be 
doubled,  or  even  more  increased.  The  results  of  this  condition  are 
unknown. 

2.  Essential,  idiopathic,  or  chronic  leucocytilemia. 

Its  causes  are  almost  wholly  unknown. 

Age,  sex,  and  condition  are  without  influence.  Xn  many  oases  a connection  can 
be  made  out  between  leucocythsemia  and  intermittent  fever,  constitutional  syphilis, 
etc. 

The  amount  of  blood  is  not  diminished,  or  not  in  any  important  degree. 
In  the  most  severe  grades  of  the  affection,  the  blood,  even  when  examined 
in  small  quantities,  is  paler  than  normal,  looking  as  if  mixed  with  pus. 
Blood  removed  by  bloodletting  and  whipped,  shows  a red  substratum,  and 
a yellowish-white,  soft  and  unctuuus  clot.  In  the  dead  body,  the  coagula 
in  the  vessels  are  yellowish-red,  or  yellowish-green,  soft,  unctuous,  more  so 
in  the  splenic  veins,  right  side  of  heart,  and  pulmonary  artery.  The 
degree  of  increase  of  white  corpuscles  is  very  variable:  varying  from 
one  white  corpuscle  to  ten  or  two  red  corpuscles.  Sometimes  the  white 
corpuscles  differ  from  those  found  in  healthy  persons  only  by  being 
relatively  large  ; they  contain  one  or  several  nuclei  (splenic  leucocythse- 
mia) ; sometimes  they  are  smaller,  possess  one  relatively  large  nucleus, 
or  in  place  of  the  cells  there  are  free  nuclei  (lymphatic  leucocythseinia). 
At  the  same  time  the  red  corpuscles  are  absolutely  diminished  in  number. 
In  a few  cases,  undoubted  transitional  forms  between  white  and  red  cor- 
puscles have  been  seen  (vide  p.  524). 

Welcker  (Zeitschr.  f.  rat.  mcd.,  CXX.,  p.  305)  has  demonstrated  the  actual 
diminution  of  red  corpuscles  in  two  cases. 

The  specific  gravity  of  the  blood  is  lessened  (from  1055  to  1040  and 
1035)  ; this  in  part  because  of  increase  of  the  specifically  lighter  white 
corpuscles,  in  part  because  of  the  greater  amount  of  water  and  smaller 
quantity  of  albumen  in  the  blood.  The  other  ingredients  of  the  blood 
show  no  marked  variation  from  the  normal  quantity ; except  that,  in  con- 
sequence of  the  diminished  number  of  red  corpuscles,  the  proportion  of 
iron  is  reduced,  though  hardly  one  half  in  the  most  cases.  In  a number 
of  well-studied  cases  the  blood  gave  an  acid  reaction,  and  contained 
xanthin,  and  hypoxanthin  (both  bodies  not  being,  as  in  health,  reduced  to 
uric  acid  by  oxygen) ; it  also  contained  uric,  lactic,  formic,  acetic  (probably 
butyric)  acids,  and  glutin.  In  the  blood  of  the  dead  there  have  been  found 
at  times,  colorless,  elongated,  octohedral  crystals,  probably  derived  from  an 
albuminoid  body. 

In  a case  of  Quincke’s  ( Virchow's  Arch.,  1872,  LIV.,  p.  537)  the  hemoglobin  in 
100  grin,  of  blood  amounted  to  only  5.8,  instead  of  about  14.4  (splenic  leucocy- 
thaemia). 

The  source  of  increase  of  the  colorless  corpuscles  is  either  in  an  hyper- 
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trophy  of  the  cells  or  of  the  whole  pulp  of  the  spleen,  producing  a ten-  or 
twenty-fold  enlargement  (and  even  more)  of  that  organ, — the  so-called 
splenic  leucocyth.emia;  or,  it  is  in  a similar  affection  of  the  lymphatic 
glands  in  one  or  several  regions,  internally  or  externally  (especially  those  of 
the  axilla,  groin,  and  neck : the  mesenteric  and  lumbar  glands), — the  so- 
called  LYMPHATIC  LEUCOCYTH.EMIA  ; or,  it  may  be  in  a peculiar  disease  of 
the  marrow  of  bones,  by  which  the  small  bloodvessels  are  almost  obliterated, 
the  marrow-tissue  contains  an  immense  number  of  white  corpuscles, — the 
so-called  myelogenic  leucocyth.emia  ; or,  lastly,  and  perhaps  most  fre- 
quently, the  origin  of  the  white  corpuscles  is  in  an  affection  of  parts  ana- 
tomically analogous  to  those  named  above,  as  the  tonsils,  the  follicles  of 
the  throat  and  intestines.  In  addition,  there  are  often  seen  in  various 
organs,  though  esjieeially  in  the  liver,  small  (microscopic,  and  rarely  larger) 
granulations  having  the  characters  of  lymphatic  uew-formations  (vide  p. 
460).  In  the  above-named  organs  there  are  found  white  corpuscles,  transi- 
tional forms  from  them  to  red  corpuscles,  and  the  other  abnormal  constitu- 
ents of  blood,  at  the  same  time  as  in  the  blood,  and  even  in  relatively 
larger  quantities  than  in  that  tluid. 

The  hvjwrtrophies  and  new-formations  which  occur  in  this  disease  have  been  shown 
by  histological  investigation  not  to  differ  from  those  which  occur  without  co-existent 
leucocythsemia,  as,  for  example,  in  pseudo-leucoeythajmia.  It  is,  besides,  unknown 
whether  the  cause  of  leucoeythaimia  consists  in  an  arrest  of  the  transformation  of 
white  corpuscles  into  red,  or  in  an  increased  supply  of  white  corpuscles  from  various 
organs,  or  whether  both  causes  act  together. 

The  phenomena  of  leucocythaemia  are  partly  explicable  by  the  enlarge- 
ment of  the  spleen  or  lymphatic  glands  (a  sense  of  weight  and  fulness  in 
the  abdomen,  of  pressure  upon  adjacent  parts,  especially  the  diaphragm, 
etc.) ; in  part  by  the  constitution  of  the  blood.  To  the  score  of  the  latter 
must  be  reckoned  : the  symptoms  of  anemia  of  the  skin,  visible  mucous 
membranes,  brain  (due  to  diminution  of  red  corpuscles) ; those  of  general 
bodily  weakness  and  marasmus  (also  due  to  want  of  red  corpuscles) ; short- 
ness of  breath  upon  exertion,  without  any  anatomical  alteration  of  the  re- 
spiratory organs  (caused  by  want  of  red  corpuscles,  and  probably  also  by 
temporary  plugging  of  pulmonary  capillaries  by  white  corpuscles) ; the  ap- 
pearance of  lion-oxidized  products  of  metamorphosis  in  the  blood  and  the 
fluids  derived  from  it  (hypoxanthin  and  xantliin,  fluid  fatty  acids,  lactic 
acid)  the  usual  though  not  constant  increase  of  uric  acid  and  urates  in 
the  urine  (in  consequence  of  incomplete  oxidation  from  dyspnoea,  etc.);  the 
relatively  late  dropsical  phenomena  (the  blood  becoming  deficient  in  albu- 
men only  at  an  advanced  period  of  the  disease). 

Pettknkopeb  and  \ hit  ( Zeilsehr.  f.  Mol.,  1869,  V.,  p.  319)  have  published  an 
exact  observation  of  tissue-metamorphosis  in  leucocythsemia.  It  was  ascertained 
that  with  equal  feeding  there  was  no  marked  difference  between  the  destruction  of 
tissues  in  the  healthy  body  and  that  in  a leucocythamiic  person.  The  following  are 
the  figures : 

Carbo-  CO,  by  longs  Oxygen 
Albumen.  Fat.  hydrate.  and  skin.  taken  in. 


Healthy  jwrson 120  83  344  249  832 

Leucocythfflmic  person 09  98  335  265  790 


With  the  exception  of  exhalation  of  CO,,  all  the  excretions  of  the  leucocythtemio 
patient  were  greater  during  the  night : a result  of  retarded  digestion.  That  the 
quiet  leucocythacmic  person  should  take  up  (with  similar  diet)  as  much  oxygen  as  a 
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healthy  individual,  with  such  a lack  of  red  corpuscles,  is  a demonstration  of  tho  great 
power  of  accommodation  possessed  by  the  human  body. 

Liebreiuh  (D.  Klinik,  1801)  was  the  first  to  describe  a retinitis  leucocythcBmica, 
visible  to  the  ophthalmoscope.  Consult  also  BECKER,  Leber,  Rotu,  S.EMiscir' 
St  ELL  wag,  Diseases  of  the  Eye,  N.  Y.,  18715,  p.  108.  According  to  Salkowski 
( Virchow's  Archix \ L.,  p.  174),  the  relative  increase  of  uric  acid  is  a constant  symptom 
of  splenic  leucocythosmia,  and  does  not  depend  upon  coincident  conditions.  The 
dependence  of  this  upon  incomplete  oxidation  was  first  rendered  doubtful  by  the 
experiments  of  Senator,  Naunyn,  and  Rikss.  Undoubtedly  abnormal  intermediate 
forms  in  the  final  products  of  tissue-metamorphosis,  not  due  to  invasion  of  the  blood 
by  splenic  products,  have  as  yet  been  found  neither  in  the  blood  nor  in  the  urine.  In 

I normal  urine,  and  in  that  of  leucocythaomic  persons,  no  hypoxanthin  like  substance  is 

mot  with. 

There  are,  besides,  a series  of  symptoms  which  are  not  yet  capable  of 
explanation.  These  are  frequent,  abundant  perspiration,  at  times  severe 
gastric  and  intestinal  disorders  (great  constipation),  frequent  haunorrhages 
from  the  nose  and  intestines  (probably  in  consequence  of  stagnating  capil- 
lary circulation),  menstrual  disorders.  Fever  is  at  first  only  intercurrent, 
later  continuous,  yet  moderate : it  occurs  without  demonstrable  inflamma- 
tory complication. 

The  course  of  leucocytluemia  is  always  very  chronic ; it  lasts  from  six 
months  to  several  years. 

The  issue  of  leucocythromia  is  invariably  fatal.  Death  is  brought  about 
by  loss  of  blood  (most  commonly  from  the  nose),  by  dropsy,  marasmus,  or 
by  an  intercurrent  affection. 

* 

Pseudo-leucocyth.emia,  splenic  (or  lymphatico-splenic)  anaemia  or  cachexia, 
Hodgkin’s  disease,  Trousseau’s  Adenie. 

In  all  important  respects  this  disease  resembles  leucocytluemia,  with  the 
exception  that  the  multiplication  of  white  corpuscles  is  wanting.  It  is 
probable  that  the  red  corpuscles  are  very  much  diminished  in  number.  The 
anatomical  and  histological  alterations  are  met  with  sometimes  only  in  the 
spleen,  sometimes  only  in  the  lymphatic  glands  of  internal  and  external 
organs,  sometimes  in  other  organs  alone  or  in  conjunction  with  the  spleen 
and  lymphatic  glands.  They  sometimes  present  the  characters  of  a time 
hypertrophy,  sometimes  it  is  only  the  cellular  elements  of  the  cytogenous 
tissue  which  are  much  increased;  in  other  cases  there  is  a deposit  of  small, 
indifferent  round  cells  and  nuclei  in  the  affected  organs  (liver,  kidneys, 
intestines,  etc.),  to  such  an  extent  that  a sarcomatous  appearance  is  pro- 
duced. The  cells  and  nuclei  in  these  deposits  are  sometimes  not  changed, 
sometimes  atrophied,  so  that  the  new-formation  has  the  appearance  of  a 
scrofulous  mass,  or  of  caseous  tubercle. 

The  symptoms  are  in  general  like  those  of  leucocytluemia.  The  course  of 
the  disease  is  usually  more  rapid ; and  it  probably  always  ends  fatally. 

IIodokin,  Med.-Chir.  Trans.,  1832,  XVII.,  p.  08. — Wilks,  Guy's  Hasp.  Rep..  1850, 
XI.,  p.  50;  Trans,  of  Path.  Soc.  Load.,  1859,  X.,  p.  259.— Wunderlich,  Arcfi.  f. 
phys.  Lleilk.,  1858,  XVII.,  p.  123;  Arch,  der  Heilk .,  1800,  VII.,  p.  529.— Virchow, 
Die  krankh.  Geschwulste , 1804-5.  II.,  p.  019.  [French  edition,  vol.  III.,  p.  11  etseq., 
1871.] — MCli.er.  Berlin.  Min.  Wochenschr. , 1807,  Nos.  42-4. — Isolated  cases  by  Cnu- 
veilhier,  Rokitansky,  Lambl,  Billroth,  Oohnheim,  Eberth,  the  Author, 
and  others. 

Trousseau,  Clinique  Mddicale,  III.,  p.  555,  2m*  ed.  Paris,  1805. 
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Meckel,  Zeitschr.  f.  Psych.,  1847 ; Deutsche  KUnik , 1850,  No.  50. — Virchow, 
Archie,  1849,  II.,  p.  594.— Heschl,  Zeitschr.  d.  Wien.  Aerzte,  1850,  VI.,  p.  7;  Oest. 
Zeitschr.  f.  pract.  Jleilk .,  1802,  Nos.  40,  42.  48. — Planer.  Zeitschr.  d.  Wiener  Acad., 
1854,  X. — Frericiis,  Gunsb.  Zeitschr .,  1855,  VI.  ; KUnik  der  Leber  krank.,  1858,  I., 
p.  325. — W.  Mi  ller,  Ueb.  d.  fein.  Bau  d.  Mils,  1805.  There  are  older  observations 
by  Stoll,  Bright,  Annesi.ey,  and  others. 

Melan.emia  is  that  condition  of  the  blood  in  which  that  fluid  contains 
pigment-granules  derived  from  the  vascular  system  of  the  spleen,  which 
granules  circulate  for  a while,  are  arrested  in  the  smallest  capillaries  (brain, 
liver,  kidneys,  etc.)  for  a while  or  permanently,  thus  giving  rise  to  a num 
her  of  severe  symptoms. 

The  pigment  is  usually  black,  more  rarely  yellow  or  brown.  The  par- 
ticles are  of  a size  varying  from  that  of  the  smallest  molecules  to  that  of 
red  corpuscles,  and  larger;  and  present  a pseudo-crystalline  outline.  The 
pigment  in  its  early  existence  does  not  offer  as  much  resistance  to  the  action 
of  acids  and  alkalies  as  it  does  later.  The  greater  number  of  pigment 
granules  are  free;  some  are  inclosed  in  white  corpuscles,  or  in  cells.  The 
free  granules  sometimes  exhibit  a thin,  clear,  concentrically  strutilied  mar- 
gin. Besides,  the  red  corpuscles  are  diminished,  and  the  white  corpuscles 
sometimes  increased. 

The  pigment  of  melamemia  Is  altered  ii.ematin.  It  is  derived  from 
hemorrhages  (of  the  common  kind,  or  per  diapedesin)  which  occur  in  the 
hyjierjemic  spleen  of  subjects  having  long-continued  malarial  intermittent 
fever  (at  first  of  a pure  type,  but  later  often  continued);  also  occurring, 
according  to  several  authorities,  in  the  liver  and  the  brain.  In  the  spleen 
such  extravasations  of  blood  occur  so  frequently  under  nearly  healthy  con- 
ditions that  the  so-called  blood-globule-holding  cells  have  been  looked  upon 
as  normal.  In  later  stages  of  the  affection  the  pigment  is  found  in  the  inter- 
vascular  tissue,  which  is  by  it  rendered  thicker,  and  colored  black.  The 
pigment  enters  the  blood  directly,  or  with  white  corpuscles  whose  substance 
it  has  penetrated,  after  deposition  in  the  stroma  of  the  spleen  or  without  it; 
producing,  if  there  be  much  of  it,  a gray  or  grayish-black  color  in  all  vas- 
cular organs,  the  gray  substance  of  the  brain,  the  kidneys  (their  cortex 
especially),  the  lungs,  skin,  mucous  membrane,  lymphatic  glands,  etc.  (and 
the  spleen  itself).  In  most  of  the  above-named  organs,  with  the  exception 
of  the  spleen,  it  lies  within  the  bloodvessels,  seldom  also  in  glandular  and 
epithelial  cells.  Affected  organs  exhibit,  besides  the  pigmentary  deposit, 
almost  no  alterations  ; sometimes  there  are  small  haemorrhages  in  the  brain; 
sometimes  there  is  a degree  of  induration,  in  the  spleen  and  liver  especially. 

E.  H.  Merer  ( 1 erh.  d.  sticks.  Ges.  d.  Wissen.,  1850)  was  the  first  to  describe  the 
pigmented  liver  of  amphibia  and  its  periodical  appearance.  According  to  Hkmak 
{MUiler's  Archie , 1852),  the  pigmented  liver  of  frogs  is  produced  by  want  of  food  and 
exercise.  Both  these  observers  erroneously  believed  the  condition  to  be  due  to  de- 
posit of  pigment  in  the  hepatic  cells.  W.  MOllkr  demonstrated  the  frequent  pres- 
ence of  cells  containing  hsematoidin  and  melanin  in  the  splenic  pulp  of  several 
vertebra  ta. 

r The  color  of  pigmented  liver  resides,  according  to  EbkrTH  ( Virchow's  Archie , 1867, 
XL.,  p.  305),  for  the  most  part  in  white  corpuscles,  and  in  lesser  degree  apparently 
in  the  endothelium  of  bloodvessels.  The  affected  white  corpuscles  are  derived  from 
the  spleen.  The  black  color  of  these  cells  is  produced  most  probably  by  a change  in 
the  pigmentation  of  the  cell- contents,  in  the  course  of  development  of  the  blood,  so 
that  pigment  particles  to  a certain  extent  replace  the  normal  fibrin  of  the  blood,  and 
the  white  corpuscles  instead  of  being  transformed  into  yellow  corpuscles,  undergo 
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melanotic  degeneration.  The  more  spindle-shaped  pigmented  bodies,  as  well  as  the 
round  pigment-cells  which  are  united  in  groups  in  the  liver,  are  probably  in  greater 
part  derived  from  the  spleen.  According  to  Heschl,  the  pigment  is  formed  by  a 
spontaneous  escape  of  the  red  coloring  matter  of  blood-corpuscles  into  the  walls  of 
bloodvessels,  especially  those  of  the  brain  and  spinal  cord  ; thence  into  the  blood. 

According  to  A kn STEIN  (TagebL  d.  Nat.- Vers.,  1872,  p.  219),  bone-marrow  also  con- 
tains an  abundance  of  pigment  in  all  cases  of  melanosis  after  intermittent  fever; 
some  of  it  being  in  the  bloodvessels,  the  greater  part  in  the  tissue  itself  incorporated 
into  the  lymphoid  and  other  larger  cells.  The  pigment  is  produced  in  the  vascular 
channels  by  disintegration  of  the  red  globules,  is  quickly  taken  up  by  the  white  cor- 
puscles, remains  a while  in  the  capillaries  of  the  spleen,  liver,  and  bone-marrow, 
being  ultimately  lodged  in  the  tissues.  In  favor  of  this  view  is  the  distribution  of 
pigment  after  artificial  introduction  of  granular  coloring  matter  into  the  vascular 
system. 

The  symptoms  of  melansemia  are  partly  those  of  anremia,  especially  those 
of  reduced  number  of  red  corpuscles  (pale  skin  and  mucous  membranes, 
emaciation,  dyspnoea,  dropsical  manifestations,  probably  also  haemorrhages 
from  the  intestines  anti  seldom  from  other  parts) ; other  and  characteristic 
symptoms  are  the  dark,  gray,  or  grayish-brown  color  of  the  skin  and  visible 
mucous  membranes,  more  especially  the  microscopic  demonstrations  of  pig- 
ment in  the  blood  and  (probably)  also  in  the  urine.  Other  symptoms  are 
such  as  are  duo  to  the  temporary  or  permanent  stuffing  of  parts  of  organs 
by  pigment  masses  (there  are  local  or  general  disturbances  in  the  brain  in 
consequence  of  passive  congestion  or  capillary  haemorrhages),  such  as  com- 
atose or  typhous  states,  more  rarely  delirium,  vertigo,  severe  headache, 
convulsions;  in  the  kidneys,  albuminuria,  hsernaturia,  or  anuria;  in  the 
liver,  passive  congestion  of  the  radicles  of  the  portal  vein  with  consequent 
diarrhoea,  intestinal  haemorrhage,  ascites.  Conditions  similar  or  analogous 
to  those  above  named  are  also  met  with  in  cases  of  malarial  poisoning  with- 
out melanaemia. 

Bascii  ( Oestr . Jahrb.,  1873,  2.  H.)  described  a mild  case  of  melanaemia,  in  which 
flakes  containing  finely  granular  brown  pigment  were  excreted  with  the  urine. 

The  issue  in  severe  cases  of  melantemia  is  fatal.  Milder  cases  may  be  cured,  but 
the  mode  of  cure  is  unknown. 

[Dr.  Wm.  A.  Hammond  has  recently  (Transactions  of  the  American  Neurological 
Association,  first  meeting,  New  York,  June,  1875)  published  interesting  observations 
tending  to  show  that  the  pigment  of  melanajmia  may  produce  retinal  embolism  de- 
monstrable by  the  ophthalmoscope  ; he  has  also  often  punctured  the  spleen  by  means 
of  a long  and  fine  trochar,  and  found  the  blood  removed  in  this  way  to  be  charged 
with  pigment,  and  pigment-cells. — Ed.] 

The  name  pseudo-melan.emia  is  given  to  the  coloring  of  tissues  and  ves- 
sels in  the  neighborhood  of  gangrenous  parts  during  life,  and  other  parts 
after  death,  by  sulphide  of  iron.  The  pigment  consists  in  large  or  small 
rounded  masses,  or  scales.  Decomposition  sets  the  iron  free  from  its  union 
with  the  organic  substance,  and  it  combines  with  the  sulphide  of  hydrogen. 

Compare  J.  Vogel,  Path.  Anat.,  1845,  p.  158.— Groub,  Virchow's  Archie , 1861, 
XX.,  p.  306  ; XXII.,  p.  437. 


XI.  ICTERUS  : JAUNDICE. 

(CHOLiEMIA.) 

The  literature  of  jaundice  is  extremely  large.  The  most  important  writings  are 
cited  in  the  special  paragraphs,  with  especial  reference  to  those  which  possess  an  ex- 
perimental or  chemico-pathological  importance.  Comprehensive  recent  works  are 
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those  of  Frericits.  klinik  d.  Leberkrankheiten,  1858,  L,  p.  80  [Syd.  Soc.  Edition, 
I860]. — Leyden,  Beitr.  z.  Pathol,  d.  Icterus,  I860.  Consult  also  the  literature  of 
acute  poisoning-  by  phosphorus,  p.  305. 

[Murchison,  Clinical  Lectures  on  Diseases  of  the  Liter , 1868. — On  Functional 
Derangements  of  the  Liter,  London,  1874 — Ed.] 

Icterus  is  that  condition  which  is  produced  by  the  re-absorption  of  bile 
ALREADY  FORKED  IN  THE  LIVER,  more  Seldom  by  a TRANSFORMATION  OF  THE 

coloring  matter  of  the  blood  into  bile-pigment  within  the  vessels;  by 
which  almost  all  the  fluids  and  solids  of  the  body  are  tinged  of  a yellow 
color  by  the  bile-pigment,  and  with  which  there  are  mild  or  severe  general 
symptoms  produced  by  the  biliary  acids  or  possibly  other  substances. 

1.  Mechanical  or  hepatogenic  icterus  : icterus  of  absorption  or 

obstruction. 

Mechanical  icterus  is  produced  in  the  following  way : the  bile  produced 
in  hepatic  cells  is  prevented  from  escaping  into  the  smaller  or  larger  biliary 
ducts,  or  into  the  duodenum,  is  placed  under  a higher  pressure  and  passes 
into  the  blood-  and  lymph-vessels,  and  thus  directly  or  indirectly  colors 
nearly  all  the  fluids  and  tissues  of  the  body  yellow.  The  evidence  which 
supports  the  above  explanation  is  derived  partly  from  experiments  (ligature 
of  the  ductus  c/ioledochus ),  and  partly  from  clinical  and  patliologico-anato- 
mical  observations. 

The  causes  of  mechanical  icterus,  by  narrowing  or  closure  of  the  biliary 
passages  consist  either  in  diseases  of  parts  adjacent  to  the  bile-ducts  (pres- 
sure of  tumors  in  their  immediate  vicinity,  in  the  duodenum,  the  head  of 
the  pancreas,  in  the  liepatico-duodenal  ligament,  in  the  liver  itself,  in  other 
parts  of  the  abdominal  cavity  ; or  from  constriction  by  cicatricial  tissue  in 
the  above-named  peritoneal  fold,  or  near  it,  etc.);  sometimes  in  disease  of 
the  biliary  ducts  themselves  (spasm  (?)  and  paralysis  (?)  of  the  ducts,  gall- 
stones, catarrhal  secretion  and  pus,  catarrhal  swelling,  new-formations  in 
the  mucous  membrane,  etc.) 

The  various  causes  which  prevent  the  expulsion  of  bile  probably  do  not  need  to  be 
very  intense,  since  in  the  guinea-pig  and  most  likely  also  in  man  the  normal  pressure 
under  which  bile  escapes  is  very  small  (Hkidekhain,  Studicn,  w.  s.  to.,  1863),  and 
the  movement  of  bile  in  the  biliary  passages  is  chiefly  produced  by  the  vis  a tergo  of 
the  secretion  ( the  smaller  bile-ducts  not  possessing  a muscular  coat),  and  by  the 
reduction  in  the  size  of  the  abdominal  cavity  produced  by  respiratory  movements. 

1 he  mechanical  production  of  icterus  was  first  experimentally  demonstrated  by 
Sai  ndkrs  ( .1  bh.  iib.  d.  Structur , u.  s.  w.,  der  Leber,  1795);  and  verified  by  Tiede- 
MANN  and  Gmklin,  and  many  others. 

Senator  (Berl.  kUn  Wochen.,  1872,  No.  51)  has  described  four  cases  of  so-called 
menstrual  jaundice.  They  were  periodical  attacks  of  jaundice  corresponding  in  time 
to  abnormal  menstruation  (scanty  or  suppressed) ; and  were  dependent  ujkju  vicari- 
ous  congestion  of  the  liver  or  bili&ry  passages, 

lo  the  category  of  mechanical  jaundice  also  belong  those  cases  in  which 
in  consequence  of  impeded  movement  of  the  right  half  of  the  diaphragm 
(diaphragmatic  pleurisy,  peri-hepatitis),  or  of  diminution  of  the  respiratory 
movements,  the  diaphragmatic  movements  necessary  for  the  excretion  of 
the  bile  fail. 

Likewise  of  mechanical  origin  is  that  form  of  jaundice  which  is  produced 
by  disorder  of  the  hepatic  circulation,  causing  altered  conditions  of  diffu- 
sion (diminished  lateral  pressure  in  the  portal  capillaries,  and  easier  trans- 
fer of  bile) ; so  is  that  occurring  after  thrombosis  of  the  trunk  or  large 
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branches  of  the  portal  vein,  after  stoppage  of  numerous  interlobular  veins 
by  pigment,  and  after  persistent  hemorrhage  from  radicles  of  the  vena  port®. 
The  icterus  of  the  new-born  is  to  be  explained  in  the  same  way:  it  arises, 
if,  immediately  after  birth,  the  portal  vein  receives  no  more  blood  from  the 
umbilical  veins. 


The  last-named  fonn  of  icterus  was  first  studied  by  Frerichs.  Naunyn  {Arch.  f. 
Aunt.,  Phys. , etc.,  p.  579)  deduced  from  Bernard's  and  Voit’s  physiological 
icterus,  observed  in  dogs  especially  in  the  fasting  state  (occurring  in  cats  and  man 
under  similar  conditions),  that  its  production  was  owing  to  diminution  of  blood-pres- 
sure in  the  liver,  such  as  must  take  place  in  the  fasting  state.  For,  since  iu  this 
condition  the  afflux  of  blood  to  the  intestinal  canal  is  much  less  than  during  diges- 
tion, it  follows  that  the  lateral  pressure  in  the  portal  vein  and  the  hepatic  capillaries 
must  be  less  during  abstinence.  IIeideniiain  hail  already  shown  the  great  depen-, 
dence  of  active  secretion  of  bile  upon  this  pressure.  The  above-named  jaundice  is 
consequently  a resorption-icterus,  without  the  concurrence  of  obstruction  to  the 
flow  of  bile. 

The  disorders  which  are  produced  by  mechanical  jaundice  depend  partly 
upon  the  absence  of  bile  in  the  intestines,  partly  upon  the  influx,  of  bile  into 
the  vascular  system. 

In  consequence  of  arrest  of  flow  of  bile  into  the  intestines,  the  intestinal 
contents  and  feces  are  wholly  free  from  bile.  They  become  gray  or  even 
white,  clay-like  if  there  be  fat  in  the  food,  and  solidify  upon  cooling  of  the 
fat;  in  other  cases  they  preserve  their  normal  color,  or  are  only  a little 
paler.  Their  forward  movement  is  diminished  bccauso  the  water  of  the 
bile  is  wanting,  and  perhaps  also  because  bile  is  a stimulant  of  intestinal 
peristaltic  movements.  From  both  these  causes,  and  because  bile  hinders 
decomposition  of  the  intestinal  contents,  flatulence  and  offensively  smelling 
stools  appear,  especially  if  the  diet  be  largely  composed  of  animal  matter. 
Whereas  the  digestion  of  nearly  all  substances  appears  to  go  on  normally,  the 
absorption  of  fat  is  diminished,  seldom  arrested ; because  the  bile,  especially 
the  biliary  acids,  facilitate  the  passage  of  fats  through  capillary  apertures 
(making  the  moist  membranes  penetrable  by  fat,  and  rendering  possible  the 
filtration  of  the  fat  through  the  membranes  under  slight  pressure,  and 
increasing  the  diffusion  between  fats  and  aqueous  solutions).  There  is 
often  a repugnance  to  eating  fatty  food.  With  this  exception  the  appetite 
is  often  good,  a little  diminished,  or  even  increased  : in  cases  showing  the 
first  peculiarity  emaciation  is  chiefly  observed. 


The  whitish-gray,  silvery  color  of  the  faeces  in  case  of  arrested  flow  of  bile  into  the 
intestines  depends  wholly  upon  the  fatty  ingredients  of  the  food,  and  when  patients 
eat  food  free  from  fat  their  stools  assume  a natural  aspect  (F.  Hofmann).  Com- 
pare the  experimental  researches  of  Arnold,  Zur  Physiol,  d.  GaUc,  1854 ; of  Bid- 
der and  Schmidt,  Pie  Verda uungseafte  u.  s.  w.,  and  others.  The  emaciation 
which  is  produced  by  the  formation  of  a biliary  fistula  depends  according  to  Voit 
( Zeitsc.hr.  f.  Biol.,  1899,  V.,  p.  329)  upon  the  fact  that  diminution  or  arrest  of  absorp- 
tion of  fat  greatly  increases  the  consumption  of  albumen  ; so  much  so  that  at  last 
more  meat  is  needed  for  the  support  of  the  animal  than  it  can  digest.  Entrance  of 
bile  into  the  stomach  precipitates  the  pepsin  and  prevents  gastric  digestion  for  a long 
time.  (Burk  art.) 

The  passage  of  bile  from  the  biliary  passages  into  the  veins  and  lymphat- 
ics takes  place  a few  hours  after  the  occurrence  of  obstruction.  After 
about  twenty-four  hours  the  blood  shows  a distinct  yellow  tinge ; the 
urine  after  about  forty  eight  hours;  the  conjunctive  and  skin  in  two  or 
three  days. 
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It  is  probable  that  the  blood  takes  up  all  the  elements  of  the  bile.  Most 
easily  demonstrable  is  the  bile-pigment,  which,  especially  bilirubin,  gives 
the  serum  of  the  blood  a distinct  yellow  color  ; this  admixture  first  pro- 
ducing the  yellow  hue  of  the  skin  and  mucous  membranes,  although  later 
they  are  also  colored  by  the  biliary  pigment  which  the  tissues  themselves 
contain.  The  biliary  acids  are  present  in  the  blood  in  much  smaller  quan- 
tity, and  are  much  more  difficult  of  demonstration.  Most  probably  choles- 
terin  also  enters  the  blood  ; at  least  the  proportion  of  this  substance  is 
increased.  Beyond  this,  the  blood  shows  nothing  abnormal. 

The  biliary  pigment  and  the  biliary  acids  exert  very  different  effects 
upon  the  organs  of  the  body.  The  bile-pigment  contained  in  the  blood 
goes  with  the  serum  from  the  capillaries  into  the  tissues,  and  imparts  to 
them  a diffused  yellow  tinge.  Later,  there  apjiear  in  the  tissues  yellowish, 
greenish,  or  brownish  molecules,  in  some  cases  still  later  larger  granules 
colored  in  the  same  way.  The  icteric  hue  is  present  in  nearly  all  tissues, 
especially  in  the  heart  itself  and  the  vascular  walls,  all  epitheHa  (their 
nuclei  are  less  stained  as  a rule),  the  bones  and  teeth,  and  even  new-for- 
mations : in  jaundice  of  long  duration  in  pregnant  women  the  fcetus  is 
stained.  The  cartilages,  the  central  and  peripheral  nervous  systems  become 
stained  very  late  ami  very  faintly,  or  often  not  at  all.  Nearly  all  normal  and 
pathological  fluids  become  yellow  : besides  the  blood,  the  urine,  sweat, 
milk,  various  transudates  and  exudates  ; the  saliva,  tears,  and  mucus  are 
probably  never  colored.  In  the  liver  the  icteric  color  appears  first  aud  most 
directly,  that  is  to  say  indejMuuleutly  of  the  blood;  the  central  part  of  the 
acini  is  colored  most  early  and  most  intensely.  The  color  reaches  its  maxi- 
mum intensity  in  this  organ  and  in  the  kidneys.  In  icterus  of  long  stand- 
ing the  bile  is  found  thickened  (inspissated)  in  the  smaller  bile-ducts,  which 
are  usually  dilated. 

In  cases  of  severe  jaundice,  there  are  sometimes  found  in  the  liver  irregular,  glisten- 
ing, ruby-red,  crystalline  bodies,  which  are  made  up  of  iiii.irubin  separated  from 
the  stagnating  bile.  (Wyss,  Viroh.  Arch.,  XXXV'.,  p.  553.) 


The  stained  tissues  in  cases  of  moderate  accnmulation  of  bile,  and  when 
the  icterus  has  not  lasted  too  long,  exhibit  nothing  abnormal  in  structure, 
and  perform  their  functions  normally.  In  more  severe  and  longer-continued 
cases,  however  (occasionally  quite  early),  there  occurs  albuminous  turbidity, 
and  even  minute  fatty  metamorphosis  aud  decomposition  ; conditions  most 
noticeable  in  the  liver  and  kidneys.  Arrest  of  the  function  of  these  organs 
anil  death  follow. 

Mayer  ( Oert.  vied.  Juhrh.,  1872,  p.  133)  has  experimentally  investigated  the 
alterations  of  the  hepatic  parenchyma,  which  follow  prolonged  closure  of  the  ductus 
choledochus. 


Hie  excretion  of  bile-pigment  from  the  blood  and  tissues  takes  place 
through  the  kidneys:  directly  out  of  the  former,  indirectly  (after  the  pig- 
ment has  re-entered  the  bloodvessels  and  lymphatics)  from  the  latter. 
This  excretion  is  early  and  simply  demonstrable  in  (fresh)  icteric  urine;  in 
doubtful  cases  the  pigment  can  be  made  known  by  chemical  processes.  At 
first  the  urine  appears  of  a saffron-yellow,  then  reddish-brown,  and  when 
there  is  much  bile-pigment  dark  brown.  Withal  it  is  nearly  always  clear, 
only  exhibiting  a sediment  in  case  of  coincident  fever.  It  is  seldom  that 
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particles  of  bile-pigment  are  visible  to  the  microscope.  Occasionally  icteric 
urine  contains  a small  amount  of  albumen  (haemoglobin). 

Microscopical  study  of  the  kidneys  shows  that  not  only  there  are  par- 
ticles of  biliary  pigment  in  the  epithelia  of  the  uriniferous  tubes,  but  that 
the  lumina  of  these  ducts  are  filled  up  to  a certain  extent  with  this  pig- 
ment, and  are  even  plugged. 

Frerichs  and  others  found  LEUCIN  and  tyrosin  in  the  icteric  and  albuminous 
nriue  of  some  cases  of  acute  atrophy  of  the  liver. 

In  summer,  when  water  is  drank  in  large  quantities,  traces  of  bile-pigment  are 
occasionally  observed  in  human  urine,  without  noticeable  symptoms. 

In  some  cases  of  true  icterus  the  urine  is  of  a very  dark  color,  without  containing 
any  pigment  which  responds  to  Gmhmn’s  test.  The  nature  of  the  color  in  these 
cases  is  unknown. 

A color  of  the  urine  very  similar  to  that  of  jaundice,  though  not  produced  by  bile- 
pigment,  appears  after  impeded  respiration  in  primary  (pneumonia)  or  secondary 
(malformations  of  the  heart)  pulmonary  disease  ; after  the  ingestion  of  rhubarb  aud 
santonin,  after  admixture  of  blood  with  the  urine. 

Besides  what  passes  out  through  the  kidneys,  a small  amount  of  bile-pig- 
ment is  excreted  through  the  sweat-glands ; as  is  shown  by  microscopic 
examination,  and  also  by  the  yellow  tinge  of  perspiration,  and  of  the  linen. 

The  BiniAiiY  acids  which  enter  tine  blood  simultaneously  with  the  pig- 
ment, act  injuriously,  directly,  upon  the  blood,  and  indirectly  upon  the 
nervous  system.  It  is  not  known  how  much  of  these  substances  is  required 
to  produce  ill  effects  ; it  probably  varies  according  to  the  mode  of  produc- 
tion of  the  jaundice,  to  personal  peculiarity,  but  especially  according  to 
further  changes  in  the  acids,  and  to  the  rapidity  of  their  elimination. 

The  effect  of  biliary  acids  in  large  amounts  upon  the  blood  consists  in 
dissolution  of  the  red  globules. 

The  effect  of  biliary  acids  upon  the  nervous  and  muscular  systems  is 
shown  especially  by  retardation  of  cardiac  contractions  and  pulse-beats, 
which,  clinically  known  for  a long  time,  is  demonstrable  by  experiment.  A 
reduction  of  the  pulse  to  forty  beats  per  minute  (fever  being  absent)  is 
not  rare.  The  reduction  is  brought  about  by  paresis  of  the  cardiac  muscle. 
The  lowering  of  temperature,  which  is  well-shown  by  experiments,  is 
explicable  in  the  same  way.  The  respiratory  movements  are  notably 
reduced  in  frequency.  The  whole  striated  muscular  system  is  more  or  less 
paralyzed,  as  is  clinically  shown  by  languor,  debility,  easy  production  of 
fatigue.  Even  in  slight  degrees  of  intoxication  the  sensorium  shows 
apathy ; in  more  severe  cases  stupor  and  coma,  occasionally  convulsions, 
psychical  excitement,  even  mania. 

Nearly  all  the  above-named  effects  have  been  artificially  reproduced  by  injections 
of  cholate  of  soda  in  the  blood.  Von  Duscit  (U liters.  u.  Exper.  u.  s.  w.,  1854)  was 
the  first  to  show  the  ill  effects  of  injections  of  bile  and  biliary  acids  in  the  blood,  and 
he  (as  well  as  H OlINEFET.DT)  discovered  that  these  substances  dissolved  the  blood- 
corpuscles.  Roiirig  and  H UP  I’ERT  (Arch.  d.  He  ilk. , 1808,  IV.,  p.  885  ; 1804,  V.,  p. 
280)  were  the  first  to  demonstrate  that  the  well-known  slow  pulse  of  jaundice  is  the 
result  of  the  action  of  biliary  acids,  and  that  this  effect  is  not  produced  through  the 
nervitagi.  They  also  discovered  the  lowering  of  temperature.  Tit  AUBE  [Berlin, 
klin.  Wochetmhr. , 1804,  Nos.  4 and  15)  showed  that  this  diminution  was  directly  dire 
to  weakness  of  the  cardiac  muscle,  to  the  lowering  of  blood-pressure  in  the  aortic 
system;  and  the  influence  upon  respiration  was  referred  by  J.  Ranke  (Arch.  f. 
Anat.,  Phys.  u.  s.  w.,  1804,  p.  820)  to  a depressed  condition  of  the  muscular  system  anil 
the  ganglionic  apparatus.  The  opinion  that  these  effects  are  produced  by  solution  of 
blood-corpuscles  (Leyden)  is  not  tenable,  because  of  the  smallness  of  the  number  sc 
destroyed. 
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According'  to  most  authors  the  majority  of  symptoms  in  severe  acute  cases  of 
jaundice  (so-called  acute  yellow  atrophy  of  the  liver,  icterus  typhoids* ),  as  well  as 
those  in  cases  of  chronic  jaundice  (granular  liver,  etc.),  are  caused  chiefly  by  the 
biliary  acids. 

The  ultimate  destination  of  the  biliary  acids  is  as  yet  unknown  ; the  greater  part 
of  that  which  is  injected  in  the  blood  disappears  within  the  body,  and  only  a frac- 
tional part  is  excreted  by  the  urine.  The  increased  diuresis  which  is  occasionally 
seen  iu  jaundice,  facilitates  the  expulsion  of  these  substances. 

The  biliary  acids,  in  jaundice  by  absorption,  are  never  present  in  the  urine  in 
quantities  large  enough  to  give  a reaction  to  Pettenkoper’8  test. 

The  view  of  Fbehichs  and  Stadei.er,  that  the  bile-acids  are  wholly  decomposed 
in  the  circulation,  and  become  transformed  into  bile-pigment,  is  contradicted  by 
Kdiine,  Xeukomm,  Hufpkht,  and  others.  Hoppe  has  shown  that  icteric  urine 
contains  both  the  conjugate  biliary  acids  (glyco-cholic  and  tauro-cholic).  {Med. 
CerUralbl.,  1803,  No.  22.) 

Some  of  the  symptoms  of  jaundice  are  not  yet  susceptible  of  explanation  : 
for  example,  itching  of  the  skin,  with  which  various  eruptions  are  probably 
connected,  the  sleeplessness,  the  hypochondriacal  disposition,  the  bitter 
taste,  the  yellow  vision,  (xanthopsia),  the  scorbutic  manifestations,  the 
severe  head-symptoms,  etc. 


The  severe  cerebral  symptoms  which  make  their  appearance  in  many  cases  of 
jaundice  have  great  clinical  importance  because  of  their  frequently  fatal  issue.  This 
condition  is  denominated  CHOI.^EMIC  intoxication,  or  bilious  dyscrasia  (Horac- 
7.I.K),  or  icterus  fra  vis  (appertaining  to  WUNDERLICH'S  theriodic  constitutional  dis- 
eases). These  phenomena  are  looked  upon  by  many,  e.g.  Frericiis,  as  u ramie, 
though  they  are  very  different  from  such.  According  to  Tracbk  {tie*.  Beit  rage, 
II.,  p.  815)  the  cbolietnic  attack  has  so  to  speak  a psychical  character;  the  patient 
becomes  maniacal,  and  after  one  or  several  such  attacks  coma  sets  in,  and  in  this 
state  death  occurs.  According  to  others,  e.g.  Lkbbrt  ( Virch.  Archie,  VIL,  p.  343), 
psychical  depression  (without  mania)  and  coma  are  much  more  often  observed.  K. 
Mi'Ll. er  ( Arch.  f.  exp.  Path. , 1873.  I.,  p.  213)  found  that  injections  of  glyco-cholate 
of  soda,  of  taurin,  of  prepared  gall,  did  not  produce  the  above-named  conditions  in 
animals : taurin  proved  absolutely  harmless.  Contrarily,  symptoms  like  those  of 
cholannia  were  produced  (according  to  Lkbkrt’s  conception)  if  a mixture  of  choles- 
teriu  in  glycerine  and  soap-water  was  injected  into  the  blood  of  dogs.  Mr  LI.  in 
concludes  that  the  cerebral  symptoms  in  severe  forms  of  icterus  and  many  hepatic 
diseases,  are  produced  by  the  accumulation  of  cholesterin  in  the  blood  : CHOLE8TER- 
-KMIa  so-called.  Consult  also  the  earlier  work  of  Flint,  Jr  , Am.  Journ.  of  the 
Med.  Be*.,  18tjo,  XLIV.,  p.  805;  Erjter.  Researches  on  a Next  Excretory  Function  oj 
the  Liter , N.  Y. , 1868. -Harley,  Jaundice,  its  Pathol.,  etc.,  Lond.,  1868.— Tm- 
cki.in,  I)es  prindpes  biliaires,  Strasb.,  1809. — Pages,  De  la  cholcsterinc  et  son  accumu- 
lation dans  Ncorwmie,  Strasb.,  1809.* 

The  course  of  mechanical  icterus  is  very  variable,  in  dependence  upon 
its  causes.  The  condition  may  last  only  a few  hours,  days,  or  weeks,  or 
may  be  prolonged  for  months  aud  years.  The  escape  of  bile  may  in  these 
cases  be  wholly  or  partially  cut  otf.  Intermittent  icterus,  of  un  irregular 
(seldom  regular)  type  has  been  observed. 

The  termination  of  this  form  of  jaundice  in  cure  or  death  depends  in 
part  upon  its  causes,  in  part  upon  unknown  circumstances.  Death  ensues 
through  the  diseases  which  cause  the  obstruction  (carcinoma,  etc.),  or 
through  bursting  or  perforation  of  the  biliary  passages,  or  through  the 


* The  credit  of  defining  the  morbid  state  cholesteracmi  a belongs  to  Austin 
Flint.  Jr.,  although  MCller  is  placed  firRt  supra.  The  same  unjust  inversion  was 
found  in  the  literature  of  leucocythaemia  (p.  545),  and  corrected,  the  editor  taking  the 
lil>erty  of  placing  J.  II.  Bennett’s  work  at  the  head  of  the  list.  Consult  also 
Murchison,  Functional  Derangements  of  the  Liter,  Lond.,  1874.— [Ed.] 
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overfilling  of  organs  with  bile-pigment,  or  through  the  action  of  the  biliary 
acids  upon  the  blood,  etc. 


2.  Chemical  oh  hematogenic  icterus  : blood-icterus. 

Hematogenic  icterus  arises  by  the  transformation  of  the  blood-pigment 
of  destroyed  blood-corpuscles  into  bile-pigment,  in  the  circulation  ; which 
newly  formed  bile-pigment  produces  the  same  yellow  tinge  in  various  tis- 
sues, just  as  in  mechanical  icterus. 

The  causes  of  hematogenic  icterus  are  not  at  the  present  as  clearly 
demonstrable  as  those  of  mechanical  jaundice.  Icterus  appears  after  in- 
jections of  a large  amount  of  water,  of  various  acids  (phosphoric,  cholalic 
acid,  etc.)  in  the  blood,  dissolving  large  numbers  of  red  blood-corpuscles ; 
seldom  after  inhalation  of  ether  and  chloroform.  Clinical  observation 
shows  what  is  probably  the  same  genesis,  in  intoxications,  after  snake  bite, 
in  yellow  fever,  in  a number  of  diseases  in  which  jaundice  not  rarely  shows 
itself  (pyaemia,  typhoid  fever,  chlorosis,  inflammation  of  the  lungs,  malfor- 
mation of  the  heart),  in  icterus  neo-natarum , in  the  jaundice  of  emotion. 


Frerichs  formerly  thought  that  hematogenic  icterus  was  produced  by  diminished 
transformation  of  biliary  acids  into  biliary  pigment  in  the  blood.  The  occurrence  of 
a kiud  of  icterus  without  the  participation  of  the  liver,  long  ago  observed,  has  been 
in  recent  times  made  the  object  of  exact  researches;  Bresciikt  (EjJt&m.  med.,  1820), 
V irc now  (VcrhandL  d.  ties.  f.  GeburUh.  in  Berlin,  1847;  Archie,  I.,  p.  ;179), 
Zenkkii  and  Funkk,  Valentine r (Zeitschr.  f klin.  Med.,  Neue  Fohje,  I.,  p.  40), 
BrOckk  ( Wien.  iSitzxbrr.,  XXV.),  Kuiine  ( Virchow's  Archie,  XIV.,  p.  02),  Jaffe 
( Virchow' 8 Archie,  XXIII.),  Munk  and  Leyden  (Die  acut.  Phonphorccrgiftung,  1805). 
More  recently  it  has,  however,  been  asserted  on  good  grounds  that  bilirubin  and 
haematoidin  are  not  identical  ( vide  p.  310);  consequently  blood-icterus  is  not  neces- 
sarily dependent  upon  bile-pigment.  If  the  pigment  of  blood-icterus  be  derived 
from  blood-pigment,  this  need  not  be  bilirubin,  but  may  be  hseinatoidin  (bodies  of 
similar  color,  but  of  dissimilar  composition). 

NAUNYN  (Arch.  f.  Anat.,  etc.,  1808,  p.  401)  has  recently  proved  the  statement 
that  with  the  presence  of  free  blood-pigment  in  the  plasma,  bile-pigment  makes  its 
appearance  in  the  urine.  In  this  way  KCiine  has  explained  the  occurrence  of  bile- 
pigment  in  the  urine  after  injections  of  salts  of  the  biliary  acids  (Frerichs),  and 
after  injections  of  water  (Hermann).  .Solution  of  haemoglobin  injected  under  the 
skin  of  dogs  makes  the  urine  contain  hemoglobin,  but  it  is  at  first  devoid  of  bile- 
pigment.  Equally  ineffectual  were  injections  of  blood  whose  corpuscles  had  been 
dissolved  by  repeated  freezing.  Naunyn  explains  the  difference  between  his  results 
and  KOiine’b  by  claiming  that  K.  has  not  taken  note  of  the  frequent  normal  presence 
of  bile-pigment  in  dog's  urine.  N.  also  frequently  found  biliary  acids  in  the  normal 
urine  of  man  and  dogs,  and  attributes  the  presence  of  both  bodies  iu  the  urine  to 
their  absorption  from  the  intestinal  canal.  That  this  does  occur  he  showed  by  ex- 
periments consisting  in  feeding  with  biliary  salts,  anil  injections  of  bile-pigment  in 
the  small  intestines,  after  which  biliary  acids  and  bile-pigment  as  well  were  demon- 
strable in  the  urine.  The  doctrine  of  hajmatogenic  icterus  lacks  a basis  upon  facts, 
and  the  single  means  proposed  for  its  distinction  from  icterus  by  absorption,  viz.  : 
tho  absence  of  biliary  acids  in  the  urine  in  the  former  kind  (Leyden),  is  according  to 
N.  unreliable,  as  he  has  repeatedly  found  biliary  acids  in  cases  of  so-called  hajmato- 
genic icterus : that  of  pyemia.  The  same  author  states  that  the  inhalation  of  ether 
in  large  quantities  will  in  some  rare  cases  be  followed  by  the  appearance  of  bile- pig- 
ment °in  the  urine;  and  he  furthermore  found  injections  of  lac-colored  blood,  or  of 
ether,  into  the  small  intestines,  invariably  caused  the  urine  to  contain  bile-pigment, 
and  he  concludes  from  this  that  if  the  portal  vein  carries  free  hemoglobin  into  the 
liver,  this  substance  is  transformed  into  bile-pigment. 

Vogel  has  also  expressed  himself  against  the  existence  of  hematogenic  icterus. 
According  to  V.  and  Dragendouff  traces  of  biliary  acids  are.  present  in  all  urines, 
and  yield,  after  proper  preparation  of  tho  urine,  Pettenkofer’s  reaction.  This 
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destroys  the  principal  argument  in  favor  of  the  occurrence  of  a blood-icterus,  the 
absence  of  biliary  acids  from  the  urine.  ( Verh.  d.  JYaturf.,  1872,  p.  75.)* 

The  consequences  of  blood-icterus  are  with  respect  to  the  saturation  of 
tissues  by  bile-pigment,  just  the  same  as  those  of  mechanical  icterus.  The 
liver  is  not,  however,  chiefly  jaundiced;  it  is  so  only  just  as  are  the  other 
organs.  The  biliary  passages  are  empty,  or  slightly  tilled  ; and  after  death 
an  obstruction  to  the  How  of  bile  is  never  found.  Usually  the  yellow  color 
of  the  skin  and  mucous  membranes  exceeds  that  of  the  urine,  because  the 
pigment  is  rapidly  excreted  by  the  kidneys.  The  intestinal  contents  appear 
colored  as  usual,  or  a little  less  with  bile.  In  blood-icterus  the  biliary 
acids  are  absent  from  both  the  blood  and  the  the  urine. 

The  most  severe  symptoms  of  this  form  of  jaundice  are  in  part  due  to  tho 
primary  disease,  in  part  to  imperfect  nutrition,  and  in  part  to  direct  altera- 
tions of  nutrition  (frequent  fatty  degeneration  of  the  heart-nmscle,  liver, 
kid  ueya,  etc.).  The  consequences  of  solution  of  blood-corpuscles  have  been 
over-estimated.  In  addition  to  the  yellow  color,  tho  most  striking  symp- 
toms are  general  weakness,  feeble  cardiac  contractions,  small  pulse,  albumi- 
nuria, tendency  to  haemorrhage,  etc.  Itching  of  the  skin  is  wanting. 

In  some  cases  the  mode  of  origin  of  the  jaundice  cannot  now  be  stated 
with  certainty : as  in  chronic  alcoholism,  diseases  of  the  heart,  pneumonia, 
phosphorus-poisoning.  In  the  majority  of  these  cases  the  jaundice  is  prob- 
ably of  mechanical  origin,  produced  by  an  acute  catarrhal  state  of  the 
duodenum,  not  surely  recognized  during  the  patient’s  life,  and  difficult  of 
demonstration  in  the  dead  body.  This  catarrh  especially  affects  the  intes- 
tinal extremity  of  the  duclu*  choleduchua. 

In  the  last  few  years  the  mode  of  production  of  janndioe  in  poisoning  by  phos- 
phorus has  been  much  discussed.  Whereas  many  (Wtbb,  Ebstein,  Burn.)  consider 
it  as  the  consequence  of  a catarrh  of  the  smaller  biliary  ducts,  or  as  the  result  of 
their  choking  with  degenerated  (fatty)  epithelium,  or  (Mannkopf)  as  a result  of 
hypertrophy  of  the  hepatic  cells,  others  look  upon  it  (with  hardly  sufficient  grounds) 
as  hiematogenie.  in  tho  more  severe  degrees  of  poisoning  the  urine  contains  bile- 
pigment  and  the  bile  acids  (Wyss  and  StTit;i,T7,KX). 

I he  opinion  that  many  cases  of  icterus  are  caused  by  an  accumulation  in  the  blood 
of  already  formed  biliary  substances,  so-called  JAUNDICE  BY  SUPPRESSION,  is  no 
longer  tenable  in  view  of  our  present  knowledge  of  the  mode  of  production  of  the 
bile,  and  from  the  experiments  of  removal  of  the  liver  by  J.  MCli.ER,  Kunde,  and 
MoLKSCHOTT  and  others. 


XII.  SUFFOCATION. 

The  literature  of  suffocation  is  contained,  so  far  as  it  is  of  general  pathological 
interest,  tn  the  works  upon  general  and  special  pathology,  bnt  in  both  is  only  treated 
very  superficially.  Its  physiological  literature  is  to  be  found  in  the  same  places. 
Literature  on  suffocation  is  voluminous,  where  it  is  of  medico-legal  importance,  but 
here  also  its  contents  are  meagre.  The  treatises  on  poisoning  by  carbonic  oxide  are 
but  of  limited  interest  to  us. 


Suffocation  is  that  change  of  the  blood,  whereby  it  becomes,  in  conse- 
quence of  diverse  alterations  of  the  organs  of  respiration,  circulation,  etc., 
abnormally  poor  in  oxygen,  while  the  quantity  of  carbonic  acid  is  dimin- 
ished, normal,  or,  most  frequently,  increased. 

I lie  most  marked  symptoms  of  suffocation  are  cyanosis,  dyspnoea,  as  also 


A. 


I(  runt's  of  if M matic  origin,  occurring  in  various  traumatic  states 
Poncet,  De  l icUtg  hemntit/ue  trauinatique,  Paris,  1874.— [Ed.] 
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certain  phenomena  on  the  part  of  the  nervous  system,  heart,  vessels,  mus- 
cles, and  secretions. 

Suffocation  occurs  in  different  degrees.  It  appears  either  suddenly  or 
gradually. 

The  highest  degrees  of  suffocation,  which  rapidly  end  in  death,  have  been  exam- 
ined more  particularly  in  their  physiological  and  medico-legal  connection,  while  the 
lower  forms,  which  are  of  longer  duration  and  often  occur  paroxysmally,  have 
attracted  heretofore  almost  solely  practical  medical  interest,  but  are  still  very  little 
known  in  their  general  pathological  aspect. 

The  causes  of  suffocation  are  : 

1.  Diminution  of,  or  complete  obstruction  to  the  passage  of  air 
(oxygen)  to  the  lungs.  The  circumstances  which  induce  this  are  variable: 
breathing  in  a space  devoid  of  air,  or  in  an  inclosed  air-space ; suffocation, 
strangulation,  drowuiug,  compression  of  the  chest  and  abdomen,  etc.,  by 
external  violence ; constriction  or  closure  of  the  oral  and  nasal  orifices,  of 
the  larynx,  trachea,  of  the  large,  or  many  small  bronchi  by  foreign  bodies, 
which  are  introduced  from  without  or  originate  within  the  body  (blood, 
serum,  pus,  etc.,  which  come  there — substances  which  are  produced  in 
those  parts,  as  mucus,  pus,  new-formations),  by  pressure  from  without 
(goitre,  etc.) ; enlargements  of  the  mucous  membrane  from  oedema,  exuda- 
tions, new-formations,  etc.  ; diminution  of  the  respiratory  area  of  the  lungs 
by  blood,  transudations,  exudations,  and  new-formations  within  them 
(intense  hypersemia,  haemorrhage,  acute  and  chronic  oedema  of  the  lungs, 
inflammation,  syphilitic  infiltration,  tuberculosis,  etc.),  by  diseases  of  one  or 
of  both  pleural  sacs  (hydro-,  pneumo-,  etc.,  thorax),  by  enlargement  of  the 
heart,  by  voluminous  new-formations  from  the  bones,  mediastina,  by  the 
diaphragm  being  placed  too  high  ; pressure  on  the  brain  from  diverse 
causes ; decrease  or  cessation  of  the  respiratory  movements  from  different 
diseases  of  the  respiratory  centre  (injuries,  haemorrhages,  etc.)  in  the 
medulla  oblongata,  nn.  vagi,  phrenid , intercostales  (section  of  the  same, 
especially  of  the  first  in  young  animals),  etc.  Impossibility  of  respiration 
from  nervous  influences  : so-called  asthma  acutum  or  laryngismus  stridulus, 
or  pseudo-croup  (?),  real  laryngo-spasm,  asthma  bronchiole , spasm  of  the 
diaphragm,  constriction  of  the  glottis  in  whooping-cough  (?),  hysteria; 
diseases  of  the  muscles  of  respiration ; difficult  breathing  on  account  of 
pain  in  the  respiratory  organs  or  in  their  vicinity,  etc. 

According  to  Fodera,  A.  Cooter,  Malgaigne,  Budge  and  others,  the  rapidity 
of  respiration  is  very  materially  diminished,  even  to  complete  cessation,  by  pressure 
upon  the  brain.  Both  inspiration  and  expiration  become  less  frequent  and  more 
prolonged.  (Vide  p.  1G9.) 

Stagnation  of  the  blood  in  the  vessels  of  the  med.  oblongata,  as  it  occurs  after  liga- 
tion of  the  large  arteries  of  the  neck  and  after  an  interference  with  the  efflux  of  the 
blood  from  the  large  veins  of  the  neck,  whereby  the  blood  becomes  poorer  in  oxygen 
and  richer  in  carbonic  acid,  also  produces  dyspnoea.  ( Vide  p.  170.) 

Humpbacked  people  usually  only  show  signs  of  dyspnoea,  etc.,  after  puberty,  be- 
cause, while  the  rest  of  the  body  grows  normally,  the  development  of  the  thorax  is 
retarded. 

Inhalation  of  air  strongly  impregnated  with  carbonic  acid  acts  just  like  an  obstruc- 
tion to  the  introduction  of  oxygen  to  the  lungs  ; for  as  soon  as  the  quantity  of  car- 
bonic acid  in  the  respired  air  equals  that  which  is  contained  in  the  bronchi,  the 
interchange  of  gases  (which  takes  place,  as  is  well  known,  according  to  the  laws  of 
diffusion)  ceases. 

Especially  noticeable,  physiologically,  are  curare,  which  paralyzes  the  respiratory 
muscles  as  well  as  other  voluntary  muscles,  and  strychnia,  which  produces  tetanus  -in 
them.  S.  Mayer  ( Oestr . Jahrb. , 1872,  p.  Ill)  has  called  attention  to  the  similarity 
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between  suffocation  and  poisoning  by  strychnia : considerable  increase  in  the  force  of 
the  blood  through  irritation  of  the  vaso-motor  centre,  diminution  in  the  frequency 
of  the  pulse  through  central  excitement  of  the  vagus,  spasms  of  the  striped  muscular 
fibres. 

Another  form  of  this  class  is  produced  by  inhalation  of  gases  not  directly 
injurious,  but  which  act  by  opposing  the  entrance  of  oxygen. 

The  so-called  irrespirable  gases,  which  produce  spasm  of  the  glottis,  are  carbonic 
acid,  hydrochloric  acid,  sulphuric  acid,  nitrous  oxide  gas,  ammonia,  chlorine  gas. 
(For  further  information,  vide  pp.  65-6b.) 

2.  Decrease  or  cessation  of  the  circulation  of  the  (functional)  blood 
of  the  lungs  : closure  of  the  pulmonary  artery  or  its  large  branches  by  exter- 
nal pressure  or  strain,  from  thrombosis  or  embolism,  from  great  debility  of 
the  right  ventricle;  obstructed  efflux  of  the  blood  from  the  lungs  into  the  left 
heart  from  different  diseases,  especially  of  the  left  ventricle  ; in  the  fetus, 
premature  separation  of  the  placenta  or  closure  of  the  umbilical  arteries  ; 
obstructed  blood-circulation  on  account  of  thickened  blood,  as  in  cholera, 
or  on  account  of  intermixture  of  foreign  bodies  (air-  and  fat-embolism). 
Furthermore,  the  direct  transition  of  venous  blood  from  the  right  to  the 
left  heart,  through  abnormal  communication  between  the  two,  belongs  to 
this  category  ; interruption  of  perspiration,  for  example,  from  varnishing 
the  skin. 

Oftentimes,  combinations  of  the  circumstances  mentioned  in  1 and  2 
exist.  To  this  class  belong  especially  some  unexpectedly  occurring  attacks 
of  incomplete  or  complete  suffocation  in  the  course  of  chronic  diseases  ; 
pleuritic  exudations,  phthisis  pulmonalis,  chronic  cardiac  diseases.  In  these 
cases  the  immediate  cause  of  suffocation  can  neither  be  discovered  during 
life  nor  after  death. 

Much  more  frequently  than  the  higher  degrees  of  suffocation  do  the 
lower  ones  come  under  the  physician’s  observation.  Their  causes  are  in 
the  main  the  same,  only  of  slighter  degree  : es|K*cially  the  above-mentioned 
disorders  of  the  air-passages,  the  lungs,  and  several  diseases  of  the  heart 
(most  valvular  diseases,  diminished  force  of  the  heart  from  different  causes). 
Many  of  these  conditions  only  act  when  bodily  motions  or  exertions,  psy- 
chical excitement,  changes  in  the  blood,  etc.,  are  added.  Or  in  a person 
suffering  permanent  dyspmeu,  attacks  of  intense  difficulty  of  breathing  occur 
without  any  known  cause,  which  often  resemble,  almost  peifectly,  experi- 
mentally produced  suffocation:  as  in  whooping-cough,  spasmodic  constric- 
tion of  the  glottis,  in  so-called  bronchial  asthma,  in  spasm  of  the  diaphragm. 

For  the  so-called  Ciievne-Stokes'  phenomenon  of  respiration,  vide  p.  522. 

3.  Expulsion  of  the  oxygen  from  the  blood  through  the  agency  of  dif- 
ferent substances,  most  frequently  by  displacement  (carbonic  oxide,  rarely 
nitrous  oxide),  much  more  rarely  by  its  rapid  consumption  (sulphuretted 
hydrogen,  sulphuretted  sulphide  of  ammonium). 

Of  these  cases  of  poisoning  the  most  numerous  are  by  so-called  coal-gas.  that  is  a 
mixture  of  carbonic  oxide,  carbonic  acid,  carburetted  hydrogen,  etc.,  and  those  by 
illuminating  gas.  which  contains  also  marsh  gas  and  hydrogen.  Poisoning  by  coal- 
gas  is  produced  when  to  the  burning  coal  not  enough  air  is  furnished  to  form  carbonic 
acid.  The  oxygen  is  displaced  from  the  blood  by  an  equal  volume  of  carbonic  oxide 
and  cannot  re-enter  the  blood -corpuscles.  The  carbonic  oxide  can  again  be  displaced 
by  an  equal  volume  of  nitrous  oxide.  The  latter  first  takes  oxygen  from  the  blood, 
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and  forms  hyponitric  acid  ; if  more  is  introduced  it  even  combines  with  the  haemo- 
globin. 

By  the  action  of  alcohol,  perhaps  also  by  strychnia  and  morphia,  the  red  blood- 
corpuscles’  power  of  absorbing  oxygen  is  reduced.  According  to  Dujardin  and 
D idiot  {Com.pt.  rend. , XXIII.,  p.  227)  the  red  blood-corpuscles  lose  in  some  severe 
cases  of  typhoid  fever,  pyannia,  etc.,  their  power  of  absorbing  oxygen  (?). 

Aniemia  also,  whatever  its  cause  may  he,  occasions,  on  account  of  the 
decrease  of  the  red  blood-corpuscles  (the  vehicles  for  oxygen),  perhaps  only 
on  account  of  the  diminished  force  of  the  blood,  difficulty  of  breathing, 
etc. 

The  phenomena  of  suffocation  can  probably  all  be  ascribed  to  the  action 
of  the  blood  of  suffocation.  Still  the  special  explanation  of  the  symptoms, 
especially  of  the  lower  degrees  of  suffocation,  is  difficult  or  impossible, 
because  no  experimental  examinations  exist  in  regard  to  them,  and  because 
in  those  single  cases  occurring  in  the  observation  of  a physician  compli- 
cations oftentimes  exist  whereby  the  already  large  number  of  physiological 
complications  become  more  difficult  to  disentangle. 

Furthermore,  the  diverse  phenomena  from  the  same  or  almost  the  Baine 
cause  are  different  according  to  the  individual:  this  does  not  only  appear 
in  the  common  pathological  cases,  but  especially  in  cases  of  poisoning : we 
sometimes  see  cases  of  the  same  intoxication,  for  instance  from  coal  gas, 
wherefrom  the  one  slightly  sickens,  the  other  not,  and  the  third  dies. 


The  popularly  received  idea  which  existed  for  a long  time,  that  in  some  cases  of 
suffocation  certain  specific  appearances  are  present,  as  well  in  life  as  after  death,  as 
in  the  death  from  strangulation,  drowning,  etc.,  has  not  been  corroborated.  This  is 
the  case  only  with  the  poisons. 

The  blood  is  in  the  higher  degrees  of  suffocation  of  a dark  blackish-red 
color  (excepting  from  poisoning  by  carbonic  oxide  and  illuminating  gas, 
when  it  is  a light  red) ; furthermore,  it  is  still  fluid  in  the  corpse,  or  at 
least  coagulates  slo%vly  or  incompletely.  The  difference  between  venous 
and  arterial  blood  has  disappeared.  The  blood  no  longer  contains  separable 
oxygen  (the  haemoglobin  shows  one  absorption  band  in  the  green).  The 
carbonic  acid  is  usually  increased,  but  on  the  whole  does  not  exceed  very 
much  that  contained  in  normal  venous  blood ; the  blood  contains  consider- 
able free  carbonic  acid  ; the  carbonic  acid  and  nitrogen  in  their  combina- 
tions show  no  marked  change  in  quantity.  Most  likely  there  is  formed 
within  the  blood  through  the  suffocation  one  or  more  substances  which 
in  normal  conditions  become  rapidly  more  highly  oxidized,  but  which 
cannot  be  consumed  when  the  oxygen  is  in  insufficient  quantity. 

In  the  lesser  degrees  of  suffocation,  which  develop  gradually  in  days, 
weeks,  etc.,  the  blood  is  only  slightly  darkened;  a distinct  difference  still 
exists  between  arterial  and  venous  blood. 

The  dark  color  of  the  blood  of  suffocation  (and  of  the  corpse  generally)  is  due  to 
the  decrease  or  entire  absence  of  oxygen,  not  to  the  larger  quantity  of  carbonic  acid. 
Arterial  blood,  through  which  a stream  of  carbonic  acid  is  passed,  very  soon  darkens, 
but  only  because  carbonic  acid,  like  nitrogen  and  hydrogen,  expels  the  oxygen. 

Normal  blood  contains  about  18  vol.  % O,  1 to  2 vol.  % N,  25  to  42  vol.  C CO-.  But 
the  actual  quantity  of  oxygen  is  not  only  different  in  arterial  and  venous  blood,  but 
also  in  the  several  kinds  of  veins : it  is  dependent  upon  the  number  of  blood-corpus- 
cles, upon  the  rapidity  of  the  circulation,  the  force  of  the  blood,  the  functional 
activity  of  the  organs,  etc.  The  oxygen  of  the  blood  is  mostly  chemically  combined 
with  the  hmmoglobin  of  the  blood-corpuscles;  a small  quantity  is  absorbed  by  the 
serum.  The  carbonic  acid  belongs  mainly  to  the  serum  : partly  it  is  chemically  com- 
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bined  (only  to  be  expelled  by  acids) ; partly  it  is  only  absorbed  or  loosely  chemically 
combined  (with  carbonate  or  phosphate  of  sodium).  The  blood -corpuscles  contain 
carbonic  acid  in  changeable  (usually  small)  amounts. 

In  100  vols.  they  are: 

in  inspired  atmosph.  air  : 20.8  O,  — 79. 1 N.  — 0.04  COs ; 

in  expired  air : 10.0  O,  — 79.5  N,  — 4.4  CO, ; 

in  the  air  of  suffocation,  e.g.  iu  closure  of  the  trachea:  11— 5 0,-79. 5 N, 
-9-15  CO,. 

The  blood  of  suffocation  contains  in  100  parts  (in  dogs),  from  the  time  when  reflex 
irritability  had  ceased  in  the  cornea  (A.  SCHMIDT) : no  O,  — 1.0  — 8 N,— 83.3— 43.9 
CO,. 

According  to  Setschenow  < Wien.  ae.  Sitzg*ber. , 1859.  XXXVI.,  p.  293),  the  oxygen 
does  not  disappear  from  the  blood  and  from  the  air  contained  in  the  lungs  of  strangu- 
lated dogs  in  proportion  as  the  carbonic  add  increases.  While  100  vols.  of  blood  of 
healthy  dogs  contain  49.4  and  48.2  vols.  of  gas,  they  only  contained  in  strangulated 
animals  43.4  and  32.6,  etc.  : the  whole  quantity  of  gas  was  therefore  decreased  at  the 
expense  of  the  oxygen. 


The  increased  desire  to  breathe,  difficulty  of  breathing,  dyspnoea,  is  the 
most  marked  symptom  of  suffocation.  It  appears  in  two  different  forms: 
either  not  increased,  even  slower,  but  deeper, — or  rapidly  repeated,  but 
superficial  respirations.  Sometimes  it  is  continuous,  sometimes  absent  or 
only  alight  during  repose,  to  appear  again  during  exertion,  or,  in  consequence 
of  unknown  circumstances,  even  reaching  a high  degree.  Occasionally  it  is 
regularly  intermittent  (some  cases  of  hysterical  dyspnoea,  etc.).  The  largest 
number  of  respiratory  movements  is  found  in  those  cases  mentioned  in  1, 
especially  if  the  respiratory  area  diminish  rapidly  and  breathing  be  at  the 
same  time  painful,  as  in  hysterical  people. 

The  cause  of  dyspmea  is  the  insufficiency  of  free  oxygen  for  the  nervous 
centre  of  respiration,  to  which  is  usually  added  an  increase  of  carbonic  acid. 
Experimentally  it  is  shown  that  want  of  oxygen  or  superfluous  carbonic  acid 
in  the  blood,  or  lxrtli  these  conditions  combined,  increase  the  number  and 
force  of  inspirations  and  expirations,  and  the  number  of  muscles  which  are 
called  into  action.  A very  great  insufficiency  of  oxygen  destroys  the  ex- 
citability of  the  respiratory  centre : asphyxia  is  produced. 

The  more  immediate  relations  of  dyspnoea,  the  actions  of  the  different 
respiratory  muscles,  the  relation  of  inspiration  to  expiration,  etc.,  cannot 
be  discussed  here.  I he  increased  or  prolonged  respiratory  movements  in 
many  cases  compensate  the  disturbance. 


If  the  number  of  respirations  be  voluntarily  increased,  that  is  above  the  quantity 
necessary  for  the  hotly,  while  their  depth  remains  nearly  normal  and  even,  the  absolute 
quantities  of  carbonic  acid  increases,  but  not  in  proportion  to  the  increase  of  the  num- 
ber of  respiratory  movements,  because  the  percentage  of  carbonic  acid  in  the  expired 
air  diminishes.  (VlKHOHDT. ) If  the  depth  of  the  respirations  be  increased,  while 
their  duration  remains  normal,  the  absolute  quantities  of  carbonic  acid  increase,  but 
not  in  proportion  as  the  depth  of  the  respiration-increase,  because  the  percentage  of 
carbonic  acid  in  the  expired  air  diminishes.  (VlKROKDT.)  The  more  frequent  and 
at  the  same  time  deeper  respiratory  movements  which  accompany  active  muscular 
exertion,  therefore,  increase  the  excretion  of  carbonic  acid  considerably. 

L E tc JIT ENST KRN'  ( si-  J.  Bid.,  VII..  p.  197)  made  experiments  in  regard  to  the  volume 
of  the  expired  air  under  different  circumstances.  Just  like  BoSEKTHAL,  he  found  no 
diminution  in  the  volume  of  expired  air  after  section  of  both  vagi.  After  production 
of  pneumothorax  on  one  Bide  the  volume  of  expired  air  sinks  to  about  half  of  the  for- 
mer quantity  of  both  lungs.  After  constriction  of  the  air-passages,  as  is  well  known, 
the  number  of  respirations  decreases,  but  their  depth  increases ; the  volume  of  expired 
air  sinks  considerably.  Morphia  decreases  the  volume,  as  also  section  of  the  spinal 
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cord,  cooling  the  animal  and  varnishing  the  skin.  Heating,  on  the  contrary,  increases 
the  volume  of  expired  air. 

The  CAUSES  of  dyspnoea  have  been  the  subject  of  a series  of  experiments,  which 
already  are  in  a measure  of  direct  pathological  interest. 

YV.  M 0 LLKK  allowed  the  animal  to  inhale  a mixture  of  N and  O.  When  the  quan- 
tity of  oxygen  attained  15.4  per  cent,  (instead  of  as  normal  21.0),  the  respiration 
became  deeper  and  more  prolonged  ; no  noticeable  accidents  occurred.  At  14.8  per 
cent,  the  animal  breathed  for  twelve  minutes  without  marked  difficulty.  At  7.5  per 
cent,  it  breathed  fifteen  minutes,  the  respirations  were  deeper  and  more  prolonged, 
as  in  slight  dyspnoea.  At  4.5  per  cent,  it  breathed  for  fifteen  minutes  very  strongly 
and  in  a prolonged  way,  with  exertion  of  all  muscles.  At  2.0  per  cent,  great  restless- 
ness occurred  after  thirty  seconds ; after  thirty  seconds  more  severe  symptoms  of 
suffocation.  More  rapidly  yet  did  these  appear  at  1.7  per  cent.  According  to  Mf’L- 
lkr,  the  carbonic  acid  in  the  atmosphere  has  no  influence  on  the  respiratory  move- 
ments ; only  the  diminution  of  oxygen  produces  dyspnoea. 

Trauhe  (Mnl.  (\  titrate.,  1862,  No.  88  and  39;  Uebcr  Wesen  etc.  der  ErsticJcungs- 
erscheinungen,  1867)  proved  against  MOlekr:  1,  that  carbonic  acid  acts  as  an  intense 
excitant  upon  the  respiratory  nervous  system  ; 2,  that  it  strongly  and*  directly  excites 
the  terminations  of  the  vagus  which  are  contained  within  the  lung;  3,  but  that  it 
does  not  produce  difficulty  of  breathing  in  that  way.  For  if  Tkaubk  introduced  into 
an  animal,  in  whom  he  had  produced  apnoea,  a mixture  of  gas  which  contained  more 
oxygen  than  atmospheric  air,  and  at  the  same  time  considerable  quantities  of  carbonic 
acid,  respirations  shortly  after  appeared  and  soon  also  dyspnoeaic  symptoms.  This 
was  also  the  case  when  the  vagi  of  the  animal  were  severed  in  the  neck : but  the 
dyspnoea  was  considerably  stronger  than  when  the  vagi  were  intact.  Further  experi- 
ments with  indifferent  gases  showed  that  if  they  were  introduced  unmixed  into  the 
lungs  (hydrogen,  nitrous  oxide)  respiratory  movements  and  dyspnoea  began.  From 
this  Tr.  concludes  that  there  is  a dyspnoea  from  oxygen  and  one  from  carbonic  acid. 
The  symptoms  which  precede  suffocation  are  occasioned  by  diminution  of  the  intro- 
duction of  oxygen  and  by  obstruction  to  the  exit  of  carbonic  acid. 

According  to  Tiury  ( Rec . den  true,  de,  la  hoc.  alL  do  Pari*,  1865),  not  only  the 
evaporation  of  the  carbonic  acid  which  is  dissolved  in  the  serum  of  the  blood  is  dimin- 
ished through  an  interruption  in  the  interchange  of  gases  in  the  lungs,  but  the  decom- 
position of  the  substances  containing  the  carbonic  acid  chemically  combined  also 
proceeds  more  slowly  : the  blood  becomes  richer  in  free  and  in  chemically  combined 
carbonic  acid.  If  the  carbonic  acid  in  both  conditions  acts  as  an  irritant  on  the  respi- 
ratory nervous  centre,  then  indifferent  gases,  which  are  introduced  into  the  blood  in 
place  of  atmospheric  air,  must  induce  dyspnoea,  as  a direct  obstruction  to  the  inter- 
change of  the  gases  in  the  lungs.  For  though  by  such  a gas  the  diffusion  of  the  free 
carbonic  acid  can  be  produced  just  as  completely  as  by  atmospheric  air,  the  substance 
containing  the  chemically  combined  carbonic  acid  remains  undecomposed.  The  blood 
becomes  here  also  richer  in  carbonic  acid,  and  therefore  dyspnoea  is  produced.  Accord- 
ingly the  dyspnoea  from  oxygen  would  only  be  a dyspnoea  from  carbonic  acid.  The 
diminished  introduction  of  oxygen  would  produce  dyspnoea,  because,  in  consequence 
of  the  insufficient  introduction  of  oxygen,  the  blood  remains  richer  in  carbonic  acid 
than  normally.  And  an  obstruction  to  respiration  would  only  cause  dyspnoea,  because 
the  quantity  of  free  and  combined  carbonic  acid  increases  in  the  blood. 

According  to  Don. men  ( Unters . a as  d.  phys.  Labor,  zu  Bonn , 1865,  p.  83)  the  inha- 
lation of  pure  carbonic  acid  causes  the  volume  of  expired  air  and  the  depth  of  the 
respirations  to  increase  considerably,  their  frequency  only  slightly,  within  one  and  a 
half  minutes  before  death.  In  breathing  a mixture  of  carbonic  acid  and  oxygen, 
which  contained  more  oxygen  than  atmospheric  air,  the  volume  of  the  expired  air 
nnd  the  depth  of  the  respirations  increased  to  double  the  normal  amount ; later  on 
they  fell  below  the  normal  standard,  but  the  animal  remained  alive  for  a long  time. 
As  the  animal  received  hereby  always  enough  oxygen,  the  increase  at  first  as  well  as 
the  later  decrease  must  be  in  consequence  of  the  carbonic  acid.  Therefore  insuf- 
ficiency of  oxygen,  as  well  as  carbonic  acid,  acts  excitingly  upon  the  respiratory  cen- 
tre, and  accumulation  of  carbonic  acid  acts  paralyzingly  upon  the  nervous  system. 

According  to  FeeCger  {Arch.  f.  d.  ges.  Phys.,  1868,  I.,  p.  61),  the  carbonic  acid 
may  be  increased,  diminished,  and  even  remain  unchanged  during  breathing  of  indif- 
ferent gases.  The  most  intense  dyspnoea  can  be  produced  while  the  carbonic  acid  in 
the  body  is  not  increased,  and  even  while  it  is  considerably  diminished.  If  therefore 
the  gases  in  the  1)1  ood  have  an  influence  on  the  medulla  oblongata,  the  always  existing 
insufficiency  of  oxygen  only  can  be  the  cause  of  the  fulminating  phenomena  of  dyspnoea 
and  asphyxia.  The  cause  of  dyspnoea  must  be  ascribed  to  the  insufficiency  of  free 
oxygen  in  the  tissues  of  our  bodies,  for  examnle  the  medulla  oblongata.  Because 
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readily  oxidizable  substances  are  constantly  formed  in  the  body  and  the  blood  through 
the  animal  tissue-changes,  an  increase  and  an  abnormally  large  accumulation  of  these 
products  must  appear  when  there  is  a want  of  oxygen.  These  readily  oxidizablo 
substances  are.  according  to  A.  SCHMIDT,  the  generators  of  dyspnoea.  No  known 
poison  kills  with  phenomena  similar  to  those  fulminating  symptoms  which  appear 
from  closure  of  the  trachea,  excepting  hydrocyanic  acid.  The  latter  poisons  by  suf- 
focation, caused  in  the  first  instance  by  a serious  alteration  in  the  mechanical  actions 
of  respiration,  and  partly  secondarily,  partly  primarily,  by  paralysis  of  the  heart. 
But  the  animal  not  only  breathes  to  receive  oxygen,  but  also  to  expel  carbonic  acid. 
From  experiments  by  Pki.Cger  it  follows  that  insufficiency  of  oxygen  produces 
dyspnoea,  but  that  carbonic  acid  in  large  accumulations  does  the  same  or  acts  simi- 
larly. But  the  accumulation  of  immense  amounts  of  carbonic  acid  in  the  blood  can 
be  much  longer  sustained  than  the  insufficiency  of  oxygen,  which  kills  in  the  most 
rapid  way  with  fulminating  phenomena  of  suffocation.  Abnormally  large  accumula- 
tions of  carbonic  acid,  it  is  true,  also  gradually  act  fatally,  but  with  symptoms  which, 
if  a sufficient  amount  of  oxygen  be  present,  can  never  be  compared  to  the  violent  and 
rapid  action  caused  by  insufficiency  of  oxygen.  Nevertheless,  carbonic  acid  has  an 
exciting  action  upon  the  medulla  oblongata.  DoHMKX  saw  an  enormous  increase  in 
the  depth  and  frequency  of  the  respirations,  with  ten  per  cent,  of  carlamic  acid  and 
niuety  per  cent,  of  oxygen  in  the  respired  gas.  It  must  lie  acknowledged,  therefore, 
that  even  a small  quantity  of  carbonic  acid  in  the  blood  causes  excitation  of  the  me- 
dulla oblongata. 

Nassk  (Mai.  Ctrlhl.,  1870,  No.  18)  believes  with  Brown-Sequard  that  those  pro- 
ducts of  nutrition  which  arc  not  excreted,  especially  carbonic  acid,  are  the  causes  of 
the  respiratory  movements,  as  well  as  of  dyspuosa,  vide  supra. 


The  oilier  symptoms  of  su (location  are  ascribed  sometimes  to  insufficiency 
of  oxygen,  sometimes  to  superabundance  of  carbonic  acid  in  the  blood. 
Both  cause  an  intense  irritation  of  the  brain  and  medulla  oblongata. 

On  the  part  of  the  central  nervous  system  we  find  in  the  higher  de- 
grees of  suffocation  (besides  the  above  discussed  irritation  of  the  vagus  and 
the  consequent  increased  rapidity  of  respiration;  general  clonic  spasms, 
similar  to  epileptic  ones.  They  originate  most  likely  in  consequence  of  the 
poverty  of  oxygen  in  the  blood,  perhaps  also  through  anaemia,  which  is  a 
consequence  of  the  constriction  of  all  small  arteries  of  the  body,  therefore 
also  of  the  cerebral  arteries,  through  an  increased  quantity  of  carbonic  acid 
in  the  blood. 


The  reflex  activity  of  ganglion-oells  is  greatly  influenced  by  the  quantity  of  oxygen 
present  in  the  blood,  so  that  with  the  increased  quantity  of  oxygen,  reflex  activity  in 
npnma  is  diminished  or  ceases  altogether.  Therefore  it  is  generally  accepted  that  the 
spasms  are  due  to  insufficiency  of  oxygen  in  the  blood,  being  explained  in  the  same 
manner  as  those  which  appear  after  hicmorrhage  or  ligation  of  the  four  large  cerebral 
arteries  (see  p.  109).  The  fact  that  they  cannot  be  produced  by  introduction  of  mix- 
tures of  gas  containing  much  carbonic  acid  ns  well  as  oxygen  into  the  lungs,  corrobo- 
rates this.  Others,  for  instance  Bbown-SkQUard,  lately  also  O.  Nasse.  ascribe  them 
directly  to  the  abundance  of  carbonic  acid  in  the  blood,  which  many  dispute.  Lastly, 
it  is  questionable  whether  the  spasms  originate  from  insufficiency  of  oxygen  or  from 
superabundance  of  carlKmic  acid  in  the  brain  substance  itself,  or  from  the  transition 
of  the  irritation  from  the  respiratory  centre  upon  neighboring,  less  readily  excitable 
centres  (so-called  spasm-centres). 


If  at  the  same  time  there  be  an  obstructed  flow  of  the  blood  from  the 
brain,  the  spasms  may  also  depend  upon  this  fact  (see  p.  187). 

t «.*n\  ulsions  are  often  absent,  even  in  very  rapid  kinds  of  suffocation,  as 
in  drowning. 

I he  convulsions  do  not  last  until  death,  but  cease,  like  the  dyspnoea  and 
the  excitation  of  the  nerve-centres,  when  the  deficiency  of  oxygen  has  passed 
a certain  limit  (asphyxia). 

If  suffocation  occur  gradually,  as  it  commonly  does  in  the  observations  of 
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medical  practitioners, the  convulsions  are  almost  always  wanting,  and  death 
supervenes,  usually  without  increased  frequency  of  the  respiratory  move- 
ments, as  in  accumulation  of  carbonic  acid.  On  the  other  hand,  all  mental 
activity  is  diminished,  especially  consciousness,  sensation,  and  motion  ; and 
somnolence,  not  rarely  delirium,  decrease  of  the  reflex  excitability,  etc., 
occur.  Probably  these  symptoms  are  mainly  dependent  upon  the  carbonic 
acid  poisoning,  and  in  a small  measure  upon  deficiency  of  oxygen. 

That  accumulation  of  carbonic  acid  in  the  blood  acts  paralyzing]}-  upon  the  nervous 
system  is  proven  also  by  Richardson's  experiments  ( Brit.  mid  For.  Med.  - Cl ir.  Iiev. , 
1863,  p.  478) : rabbits  and  guinea-pigs  which  were  kept  in  casks  filled  with  pure 
carbonic  acid,  or  with  carbonic  acid  mixed  with  an  equal  volume  of  air,  lost  sensation 
in  both  cases  during  the  first  minute,  in  the  former  case  only  with  slight,  in  the  latter 
with  severe  convulsions. 

The  heart  shows  in  the  higher  degrees  of  suffocation,  when  experimen- 
tally produced,  a decrease  in  the  frequency  of  its  contractions,  sometimes 
even  cessation.  The  cause  thereof  is  the  severe  irritation  of  the  medulla 
oblongata,  at  the  origin  of  the  vagi,  in  consequence  as  well  of  an  insuf- 
ficiency of  oxygen  as  from  accumulation  of  carbonic  acid  in  the  blood. 
Probably  other  conditions  besides  irritation  of  the  vagi  influence  the  heart 
in  decreasing  the  rapidity  of  its  contractions.  Increased- blood-pressure 
upon  the  brain  certainly  is  also  capable  of  irritating  the  origin  of  the  vagi. 
Lastly,  dilatation  of  the  heart  by  blood  can  decrease  its  contractions  and 
even  paralyze  it.  Suffocation  causes  death  more  rapidly  if  the  medulla 
oblongata  or  the  vagi  have  been  previously  severed.  The  decrease  in  the 
rapidity  of  the  heart’s  pulsations  prolongs  as  much  as  possible  flic  existence 
of  irritability  of  the  heart’s  muscles  during  the  impoverishment  of  the  blood 
by  loss  of  its  oxygen,  and  is  therefore  a compensatory  act.  In  the  last  stage 
of  suffocation  the  vagi  become  paralyzed,  and  therefrom  the  number  of  the 
heart’s  pulsations  increase  considerably. 

According  to  many,  the  cause  of  diminution  in  the  rapidity  of  the  heart’s  pulsation 
is  ascribed  to  the  increased  quantity  of  carbonic  acid  in  the  blood : if  through  a frog’s 
heart,  separated  from  its  body,  serum  be  passed,  which  is  strongly  saturated  with 
carbonic  acid,  the  heart’s  contractions  decrease  in  frequency.  It  is  well  known  that 
during  the  contractions  of  the  impregnated  uterus  diminution  of  the  foetal  heart’s 
contractions  takes  place  in  consequence  of  irritation  of  the  vagus  by  the  foetal  venous 
blood.  (The  same  is  true  of  the  respiratory  movements  of  the  foetus.) 

In  the  less  intense  degrees  of  suffocation  there  is  no  diminution  in  the 
contractions  of  the  heart;  on  the  contrary,  there  is  often,  in  consequence  of 
different  complications,  an  increase  in  their  number. 

Those  symptoms  which  appear  in  the  muscular  system  are  due  partly  to 
the  absence  of  excitability  of  the  nervous  centres,  partly  to  the  disturbances 
in  the  nutrition  of  the  muscles.  They  consist  mainly  in  general  flaccidity, 
debility  and  readily  occasioned  fatigue,  sometimes  in  strabismus,  exophthal- 
mus,  etc. 

The  recent  discoveries  about  fatigue  may  be  considered  in  this  connection.  If  tho 
power  of  the  muscle  depends  upon  the  oxygen  which  has  been  accumulated  before 
the  muscular  exertions  (PETTENKOFER  and  Voit),  then  it  is  diminished  in  the 
condition  of  suffocation.  Fatigue  then  declares  itself  partly  by  the  consumption  of 
the  oxidizable  substance  which  is  contained  within  the  muscle  (P.  & V.  ),  partly  by 
the  accumulation  of  products  from  the  decomposition  of  muscular  substance  within 
the  muscle,  especially  lactic  acid  and  acid  phosphate  of  potassa  (J.  Ranke).  Tho 
excretion  of  these  substances  is  however  decreased  by  the  usually  less  rapid  circula- 
tion of  the  blood  and  lymph. 
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Most  important  and  most  noticeable  is  the  influence  of  suffocation  on 
the  muscular  coat  of  tue  artekies.  In  consequence  of  the  irritation 
produced  by  the  blood  of  suffocation  the  vaso-inotor  nerve-centres  in  the 
medulla  oblongata  are  excited,  and  all  of  the  smaller  arteries  become  con- 
stricted. Therefrom  arises  a rapid  or  a gradual  strong  dilatation  of,  and 
a considerable  increase  in  blood-pressure  in  the  larger  arteries  and  heart. 

Tiiiby  has  proven,  that  this  constriction  of  the  vessels  and  increase  in  the  force 
of  the  blood  occurs  through  poisoning  by  carbonic  acid  (in  suffocation,  but  also  when 
there  is  no  deficiency  of  oxygen).  According  to  Trap  he  the  increase  in  the  blood- 
pressure  is  intermittent  and  regularly  rhythmical ; according  to  Heiuxo  the  rhythm 
of  these  rudimentary  respiratory  twitchings  is  in  accordance  with  the  respiratory 
innervations.  The  same  phenomena  also  occur,  according  to  Nawai.ichln,  when, 
in  consequence  of  ligation  of  the  carotids,  an  accumulation  of  carbonic  acid  is  pro- 
duced solely  in  the  cerebral  vessels. 

Lukomsky  ( Vtljxchr.  f.  gericht.  vial.,  1871,  XV.,  p.  58)  found  experimentally  that  in 
suffocation  the  lateral  pressure  of  the  blood  is  considerably  increased  both  in  the 
arteria  and  rain  mnmmaria . while  it  is  diminished  in  the  arteria  pulmonalix.  Ac- 
cording to  L. , suffocation  therefore  assists  the  current  of  hlood  through  the  lungs, 
brings  more  blood  to  the  left  heart  and  also  increases  the  force  of  the  blood  (in  its 
large  circuit).  The  most  important  mechanical  condition  for  the  occurrence  of 
so-called  Ta n dike’s  spots  (small  eechymoses  under  the  pleura,  etc:..)  is,  according  to 
L.’s  manometrical  experiments,  the  great  increase  in  the  inspiration,  which  alter- 
nates with  the  active,  less  sustained  movement  of  expiration. 

In  suffocating  rabbits  the  fundus  of  the  eye  becomes  pale  in  consequence  of  spasm 
of  the  arteries. 

Little  is  known  about  the  condition  of  the  other  unstriped  muscular 
fibres  in  suffocation.  In  some  cases  their  movements  seem  to  be  increased, 
in  others  diminished. 

Exophthalmus  is  constantly  present  iu  suffocation,  where  it  occurs  sud- 
denly, as  from  drowning,  strangulation,  etc.  According  to  some  it  is  in 
consequence  of  the  irritation  of  the  sympathetic,  whereby  is  produced 
contraction  of  the  orbital  muscle,  according  to  others  it  depends  upon  a 
venous  stagnation,  and  at  the  same  time  flaeeidity  of  the  voluntary  muscles. 
Probably  both  influences  act  at  the  same  time,  in  death  the  exophthalmus 
disappears  more  or  less  completely. 

The  pupils  are  dilated  in  suffocation  : in  consequence  of  the  irritation  of 
the  spinal  cord,  at  the  cilio-spinal  centre  (as  the  dilatation  is  absent  after 
previous  section  of  the  sympathetic).  During  asphyxia  the  dilatation  of 
the  pupils  disappears. 

In  experiments  upon  death  by  drowning,  the  pupils  were  first  noticed  to 
be  contracted,  and  only  later  dilated. 


The  movements  of  the  bowels  are  produced,  according  to  S.  Mayer  and 
BasCH  (see  p.  18i  i by  interruption  of  respiration  : in  the  stage  of  dyspnoea,  in  which  the 
small  arteries  are  constricted,  the  intestine  is  bloodless  and  quiet ; but  as  soon  as 
the  contraction  of  the  urteries  begins  to  disappear,  the  passage  for  the  dark  blood  is 
opened  urnl  movements  of  the  intestine  l>egin.  According  to  O.  Naske  the  insuffi- 
ciency of  oxygen  is  not  the  cause  of  the  amemic  movements  of  the  intestines  ; the 
movements  of  the  intestines,  occurring  when  the  circulation  of  the  blood  through 
them  is  cut  off.  cease  if  a very  weak  solution  of  chloride  of  sodium  be  forced  through 
the  intestinal  vessels. 

I he  temperature  of  the  body  is  diminished  in  suffocation.  The  causes 
of  this  are  probably  numerous.  First,  the  diminution  in  the  quantity  of 
oxygen  in  the  blood,  and  the  consequently  diminished  oxidations ; further 
the  decreased  force  of  the  heart;  the  constriction  of  the  small  arteries; 
moreover  the  increased  cooling  of  the  body  by  more  copious  dispersion  of 
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heat  and  by  evaporation,  which  is  due  to  the  dilated  veins  and  capillaries ; 
lastly  the  decrease  of  the  rapidity  of  the  blood-circulation.  The  fall  in  the 
temperature  is  present  in  cases  of  rapid  as  well  as  of  common  gradual  Buffo- 
cation.  Objectively  it  shows  a fall  of  about  .5°-1.5°  0.;  subjectively  it 
appears  as  chills,  etc.  The  fall  in  the  temperature  is  absent  when  com- 
plications arise  which  tend  to  increase  heat. 


Senator  found  a rise  of  temperature  of  variable  duration  in  the  first  stage  of  the 
disturbance  of  respiration,  and  attributes  it  to  the  increased  activity  of  the  normal 
and  accessory  respiratory  muscles,  to  the  heart’s  increased  action,  etc.  When  com- 
plete insufficiency  of  respiration  supervenes,  the  temperature  falls.  The  decrease  in 
the  temperature  is  in  consequence  of  the  intense  irritation  of  the  medulla  oblongata 
through  suffocation.  It  is  almost  always  absent,  when  the  medulla  oblongata  has 
been  separated  from  the  spinal  cord  during  the  suspension  of  respiration  (Hkiden- 
main.  Arch,  f (/.  ges.  I ‘hi/ a. , 1870,  HI.,  p.  504).  At  the  time  when  the  heart's  con- 
tractions cease,  the  temperature  again  begins  to  rise  : post,  mortem  increase  of  tem- 
perature ( Hkidenhain). 

In  poisoning  by  carbonic  oxide  the  temperature  sinks  l°-2 ",  even  3’  C.,  surely  in 
consequence  of  the  deficiency  of  oxygen.  But  then  it  usually  remains  constant, 
perhaps  on  account  of  the  oxidation  of  the  carbonic  oxide  to  carbonic  acid.  The 
fall  of  temperature  begins  very  suddenly  : already  30  seconds  after  the  first  inspira- 
tions it  amounts  to  0.1  -0.2  C. 

The  composition  of  the  secretions,  especially  of  the  urine,  in  severe 
uncomplicated,  as  well  as  in  less  severe  but  usually  complicated  cases  of 
suffocation  is  still  very  little  understood.  Their  qualitatively  and  quanti- 
tatively changed  condition  may  be  due  to  several  causes:  the  diminished 
quantity  of  oxygen  or  the  increased  quantity  of  carbonic  acid  iti  the  blood ; 
alterations  in  the  heart’s  activity ; change  in  the  blood-pressure  ; alterations 
(stagnation)  in  the  current  of  blood  throtigh  the  parenchyma  of  the  glands  in 
question  ; changes  in  the  albumen  of  the  blood,  etc.  As  regards  the  urine, 
its  quantity  is  first  increased,  and  later  on  decreased.  In  the  common 
chronic  cases  of  suffocation  the  latter  is  usually  the  existing  condition;  the 
urine  often  contains  albumen. 

Experiments  in  respect  to  this  matter  were  made  by  Overbeck  and  Senator.  The 
former  (OrMr.  acad.  Sitzgsber. , 1803,  B. , p.  189)  noticed  in  attacks  of  suffocation, 
which  were  produced  in  dogs  by  complete  compression  of  the  trachea,  that  the  urine 
became  albuminous,  and  at  the  same  time,  contained  a small  number  of  blood-corpus- 
cles. According  to  Senator  ( Virch.  Arch.,  XLII.,  p.  1),  the  body  either,  on  account 
of  the  diminished  introduction  of  oxygen,  decomposes  less  nutritive  and  tissue -material, 
and  therefore  produces  proportionately  smaller  amounts  of  the  final  products  of 
metamorphosis  (urea,  carbonic  acid,  water,  etc.) — as  in  inanition;  or,  in  consequence 
of  the  deficiency  of  oxygen,  it  does  not  produce  the  final  products  of  metamorphosis, 
but  less  highly  oxidized  substances  (uric  acid,  xanthin,  hypoxanthin,  creatin,  crea- 
tinin,  sugar,  oxalic  acid,  allantoin,  indican),  just  as  in  the  process  of  combustion  out- 
side the  body  with  insufficient  access  of  air.  S.  caused  dyspnoea  to  the  point  of  most 
intense  difficulty  of  respiration  by  means  of  mechanical  constriction  of  the  trunk, 
lit:  found  almost  in  all  cases  a compensatory  action,  objectively  demonstrable  by  the 
effects  of  the  tissue-changes,  in  no  wise  a diminution.  The  excretion  of  nitrogen  is 
never  materially  decreased,  in  the  first  stage  of  the  disturbance  of  the  respiration, 
but  is  at  least  equal  to  the  normal  quantity.  During  the  dyspnoea  the  urine  is  very 
abundantly  increased,  almost  to  double  the  normal  quantity.  This  is  in  consequence 
of  the  increased  excretion  of  water  ; according  to  S.  of  increased  production  of  water. 
It  is  certainly  due  mainly  to  the  uninterrupted  activity  of  the  respiratory  muscles, 
which  are  called  into  action  by  the  obstruction  to  respiration.  Diminished  respira- 
tion probably  causes  at  first  a temporary  retardation  of  tissue-metamorphosis.  If 
the  hindrance  to  respiration  be  of  still  longer  duration,  and  cannot  be  compensated 
by  the  respiratory  muscles,  for  example  on  account  of  their  fatigue,  if  insufficiency 
of  respiration  occur,  then  there  is,  beside  the  cyanosis  and  the  fall  of  temperature,  a 
diminution  in  the  secretion  of  the  urine.  But  the  material  of  the  body  containing 
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oxygen  is  decomposed  into  its  final  products  in  the  normal  manner  : therefore  there 
is  usually  no  excretion  of  less  highly  oxidized  substances.  The  decrease  in  the 
ani'  Unt  of  the  urine  seemed  to  be  more  at  the  expense  of  the  water  thau  of  the  solid 
ingredients.  Twice  the  urine  contained  proportionately  large  amounts  of  uric  acid  : 
this  seems  partly  to  corroborate  Bartels  {Arch.  f.  /din.  Med.,  I.,  p.  13),  who  proved 
that  an  increase  of  uric  acid  excretion  not  proportionate  with  the  urine  was  a conse- 
quence of  insulfieieucy  of  respiration.  Just  as  often  did  the  urine  contain  sugar : 
this  had  already  been  demonstrated  by  Reynoso  { Cmnpt.-rend 1851,  p.  00(5).  S.  did 
not  find  any  aliantoin,  xanthin,  or  hypoxauthin.  Neither  did  he  detect  blood  or 
albumen. 

A direct  consequence  of  the  above-mentioned  constitution  of  the  blood, 
and  the  simultaneous  presence  of  a mechanical  stagnation  of  the  blood,  is 
the  bluish  discoloration  of  the  skin  and  of  the  visible  mucous  membranes, 
so-called  cyanosis.  It  is  especially  evident  in  those  parts  where  the  super- 
ficial vessels  are  numerous  and  densely  distributed  (nails,  etc.).  It  is  the 
more  intense  the  greater  the  amount  of  the  blood  generally,  or  the  greater 
the  proportion  of  the  red  blood-corpuscles ; for  the  dark  discoloration 
depends  upon  the  poverty  of  oxygen  in  the  blood-corpuscles.  Therefore 
cyanosis  is  proportionately  smaller,  or  occurs  only  from  very  intense  causes, 
in  those  having  amentia,  while  it  attains  its  highest  degree  in  the  stadium 
ahjidum  of  cholera  (in  which  the  blood  is  poor  in  serum,  and  rich  in  red 
blood-corpuscles).  Lastly  it  is  the  more  intense,  the  greater  the  accumu- 
lation of  blood  in  the  veins  and  capillaries,  as  in  different  diseases  of  the 
heart  and  lungs,  in  cholera  : in  the  former  less  oxygen  is  absorbed  and  less 
carbonic  acid  excreted ; in  cholera  there  is  a local  cause  for  cyanosis 
besides  in  the  lungs  and  heart  (their  paralysis),  far  more  oxygen  is  given  up 
and  more  carbonic  acid  received  in  the  capillaries  of  the  affected  parts  of 
the  body  (as  is  the  case  in  a limb  which,  for  instance  for  the  purpose  of 
venesection,  has  been  firmly  encircled  by  a bandage). 

Cyanosis  is  not.  as  is  often  stated,  produced  by  the  insufficient  oxidation  of  the 
blood  in  the  lunge. 

Asphyxia  is  that  state,  occasioned  by  insufficiency  of  oxygen  first  of  the 
blood,  then  ot  the  tissues,  in  which  the  movements  of  respiration  ami  of 
ihc  heart,  and  even  previously  existing  convulsions  cease.  This  condition, 
distinguished  in  medical  practice  as  the  asphvxial  stage  of  many  diseases  of 
the  air-passages  and  lungs,  is  observed  most  frequently  in  the  last  hours  of 
life  in  laryngeal  croup,  also  in  extensive  capillary  bronchitis,  etc.  The 
skin,  especially  of  the  face,  is  less  of  a blue  than  of  a leaden  color,  and 
cool ; the  visible,  mucous  membranes  are  also  bluish-gray.  The  previous 
anxious  expression  of  the  features  becomes  indifferent  and  dull ; the  eyelids 
close  ; the  pulse  becomes  small,  very  frequent,  irregular,  superficial.  All 
Ixxiily  movements  are  feeble.  The  pupils  art)  normal  or  contracted.  At 
last  somnolence,  amesthesia,  and  death  (which  is  often  preceded  by  convul- 
sions) occti  r. 

Of  great  practical  importance  are  the  compensations  which  appear  with 
most  slight  causes  of  suffocation,  ami  which  prolong  life  as  well  as  make 
the  condition,  through  diminished  demands  upon  the  organism,  more  en- 
durable. In  cases,  on  the  contrary,  in  which  the  causes  of  suffocation 
occur  suddenly  and  are  intense,  the  appearance  of  these  compensations  is 
not  capable  of  prolonging  life.  The  same  is  true  in  cases  of  the  more 
intense  poisoning  by  carbonic  oxide. 

I he  most  important  compensation  is  dyspncea  in  both  its  forms  (seep. 
501):  the  more  frequent  or  deeper  inspirations  neutralize  the  effect  of  a 
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diminished  quantity  of  oxygen  in  the  atmospheric  air,  as  also  of  most  of 
those  causes  of  suffocation  mentioned  in  1,  for  the  deeper  the  ventilation 
ot  the  lungs,  the  greater  the  exhaled  quantity  of  carbonic  acid.  Another 
compensation  is  obtained  by  an  accommodation  of  the  consumption  of 
oxygen  to  the  amount  of  oxygen  inhaled,  and  accordingly  a diminution  of 
all  actions  of  the  organism  which  necessitate  oxidation. 

Furthermore  the  changes  in  the  circulation  act  compensatorily  upon 
most  of  the  causes  mentioned  in  1 and  2 : first,  the  acceleration  of  the 
blood-current,  whereby  more  blood-corpuscles  are  brought  into  contact 
witli  the  air  of  the  lungs  in  a given  time,  which  probably  induces  an  in- 
crease in  the  absorption  of  oxygen  and  in  the  excretion  of  carbonic  acid ; 
secondly,  the  more  frequent  decrease  of  the  rapidity  of  the  blood-current, 
in  consequence  of  which  the  excitability  of  the  heart’s  muscles  is  prolonged 
as  much  as  possible  during  the  impoverishment  of  the  blood  in  oxygen. 
Lastly  the  increased  pressure  of  the  blood,  or  rather  the  dilatation  of  the 
capillaries,  which  appears  in  consequence  of  the  constriction  of  the  small 
arteries,  is  of  importance,  for  thereby  the  area  of  contact  between  blood 
and  air  is  enlarged,  and  the  pressure,  which  acts  upon  the  carbonic  acid 
of  the  blood,  increased. 

If  the  suffocation  be  of  longer  duration,  and  is  caused  by  diseases  of 
lungs  and  heart,  dilatation  and  hypertrophy  of  sometimes  the  whole  heart, 
sometimes  of  a single  division,  are  almost  always  produced.  In  respect  to 
this,  hypertrophy  of  the  normal  or  of  the  dilated  right  ventricle  is  espe- 
cially important:  partly  on  account  of  the  increase  in  the  pressure  of  the 
blood  and  the  consecutive  increased  exchange  of  gases  in  the  alveolae  of 
the  lungs,  partly  on  account  of  the  prevention  of  stagnation  in  the  veins 
of  the  body,  etc. 

According  to  Thiky,  Ludwig  and  others,  the  resistance  to  the  efflux  of  blood 
increases  by  the  constriction  of  the  small  arteries,  and  therefrom  arises  an  accumula- 
tion of  the  blood  in  the  large  arteries,  and  so  increased  blood -pressure ; but  the 
diminished  afflux  of  blood  to  the  capillaries  causes  a diminished  rapidity  in  these 
and  in  the  veins.  Dogiel  and  Kowaekwsky  (Arch.f.  d.  ges.  l'fn/s.,  1870,  III.,  p. 
489)  also  found  in  cases  of  suffocation  an  increase  of  the  arterial  blood -pressure  and 
a rapid  decrease  in  the  rapidity  of  the  arterial  blood-current,  to  increase  again  in 
the  subsequent  period  of  respiration.  According  to  Hkidknhatn.  on  the  contrary, 
the  blood-pressure  and  the  rapidity  of  the  blood-current  increase  on  irritation  of 
the  vaso-motor  uerves.  According  to  this  the  consumption  of  oxygen  and  the 
production  of  carbonic  acid  in  the  tissues  would  increase,  as  also  the  temperature. 

In  the  lower  degrees  of  poisoning  by  carbonic  oxide  a return  to  the  normal  condi- 
tion takes  place,  in  consequence  of  the  oxidation  of  the  carbonic  oxide  to  carbonic 
acid  by  the  oxygen  which  still  remains  in  the  blood. 

The  question  of  how  long  after  cessation  of  respiration  ami  circulation  a 
resurrection  is  possible,  is  of  especial  practical  interest.  The  latter  differs 
according  to  individual  peculiarity,  the  cause  of  suffocation,  etc.  There- 
fore no  general  conditions  can  be  mentioned.  The  decrease  in  the  quantity 
of  oxygen  can  be  endured  for  a longer  period  by  human  beings  and  animals 
born  apparently  dead  (by  hibernating  animals),  by  people  in  a fainting 
condition,  or  under  the  influence  of  chloroform,  longer  than  under  usual 
circumstances. 

According  to  TARDIEU,  a dog  can  return  to  life  without  any  artificial  means,  after 
four  minutes  of  suffocation,  if  caused  by  mechanical  closure  of  the  trachea, 
while  one  and  a half  minutes  by  drowning  are  fatal  (because  water  penetrates  into 
the  lungs).  The  heart  requires,  to  maintain  its  activity,  blood  containing  oxygen, 
but  not'  every  second,  as  it  is  always  charged  with  a certain  quantity  of  oxygen : 
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this  explains  the  fact  that  the  movements  of  the  heart  can  continue  for  three  minutes 
and  more,  in  a dog  suffocated  by  mechanical  means,  after  the  last  effort  at  respira- 
tion (Tahdieu). 

Some  forms  even  of  acute  suffocation  present  many  deviations  from  the 
above  description.  We  can  mention  only  a few  of  the  better  known  and 
more  important  ones. 

In  poisoning  by  carbonic  oxide  there  are  present,  besides  the  usual  phe- 
nomena of  suffocation,  the  specific  poisonous  intlnences  upon  the  whole 
organization,  especially  the  brain:  loss  of  consciousness,  serious  pheno- 
mena of  the  senses  of  sight  and  hearing,  frequently  vomiting,  quite  often 
diarrhoea,  etc.  Besides  this,  numerous  individual  differences  occur,  so  that 
in  the  simultaneous  poisoning  of  several  people  one  or  more  may  die,  of 
the  others  some  may  present  light,  and  some  severe  phenomena  of  intoxi- 
cation. 

According  to  Traibe  ( Verb.  d.  lierl.  mat.  Gt*.,  1866,  I.  ; Gee.  Beitr.,  1871,  I., 
p.  892),  carbonic  oxide  acta  injuriously  in  two  ways : first,  by  diminishing  the  quan- 
tity of  oxygen  needed  for  the  expiratory  nervous  system;  secondly,  by  forming,  iu 
combination  with  hannoglobin.  a poisonous  substance,  which  excites  find  paralyzes 
the  nerve-centres.  Carbonic  oxide  excites  the  heart’s  inhibitory  nervous  system  : 
the  diminished  frequency  of  the  pulse  iu  the  first  stage  of  intoxication  is  a result 
of  this  action.  It  excites  the  centre  of  the  vaso  motor  nervous  system  : the  increase 
in  the  frequency  of  the  pulse,  which  precedes  its  primary  diminution,  is  a result  of 
this  action.  It  weakens  the  heart’s  muscle : decrease  of  the  pressure  in  the  begin- 
ning of  intoxication  is  the  consequence.  According  to  Krebs  ( Virch.  Arch.,  XXII., 
p,  450),  atony  of  the  walls  of  the  vessels  occurs,  in  consequence  of  which  the  pres- 
sure of  the  blood  aud  the  rapidity  of  the  circulation  diminish,  and  there  follows 
paralysis  of  the  heart ; furthermore  there  is  an  atony  of  the  greater  pan  of  the  un- 
strijved  muscular  fibres  (the  iris,  stomach,  iutestine,  bladder).  Pokbowsky  (lb. , 
XXX.,  p.  525).  Compare  also  Fuikdbkuu,  Die  Yergijtumj  durch  Kohtendumt, 
I860. 

Poisoning  by  carbonic  acid  gives,  besides  the  usual  phenomena  of  suffo- 
cation, fewer  specific  symptoms,  by  which  the  poison  can  be  detected,  than 
that  by  carbonic  oxide. 

Death  by  drowning  is  understood  from  the  symptoms,  etc.,  observed  iu 
a series  of  experiments. 

According  to  Pack's  (VireS.  Arch  , 1869,  XLYII.,  p.  89)  experiments,  respiration 
peases  as  soon  as  the  animal  enters  the  water  (being  partly  a psychical  effect,  partly 
in  consequence  of  the  irritation  of  certain  nerve-groups  of  the  skin).  Thereupon 
(second  stage)  an  almost  normal  inspiration  occurs,  followed  by  a powerful  expira- 
tion; then  another  deep  inspiration  and  a similar  expiration;  then  the  inspirations 
grow  deeper  and  deeper,  but  the  expirations  become  less  powerful;  the  pauses 
ltetweeu  the  respiratory  acts  become  longer,  until  all  respiratory  movement  ceases. 
This  cessation  is  due  to  the  paralysis  of  the  respiratory  centre  The  glottis  is  not 
closed.  In  the  third  stage,  the  stage  of  asphyxia,  strong  dilatation  of  the  pnpilc 
and  exopthalmus  apj>ear;  there  are  no  respiratory  movements,  no  consciousness,  no 
refiex  irritability.  Then  follow  a few  very  labored  inspirations  and  superficial  short 
expirations.  In  the  fourth  stage  the  pupils  again  contract,  the  exophthalmus  dis- 
appears ; the  heart  ceases  to  beat.  * 

1’ost  mortem  examinations  of  pure  cases  of  common  suffocation  show, 
beside  the  already-mentioned  condition  of  the  blood  a large  quantity  of  it 
within  the  right  heart,  the  lungs  and  veins  of  the  body,  and,  iu  conse- 
quence, nearly  always  au  intense  hypersemia  of  the  capillaries  of  the  lungs, 

•Consult:  Report  of  Committee  on  Suspended  Animation,  in  Mcd.-Chir.  Tram. 
XLY. — P.  Bert,  Levant  aur  la  phys.  comp,  de  la  r expiration,.  Paris,  1870.  — [Ed.]. 
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the  air  passages,  the  organs  of  the  head  and  abdomen,  especially  the  kid- 
neys. In  the  serous  coats,  especially  in  the  pleura  and  pericardium,  recent 
slight  htemorrhages  are  found : they  occur  in  consequence  of  dyspnoea  and 
the  increased  arterial  blood-pressure.  The  left  heart  is  always  empty  if 
death  by  suffocation  occur  rapidly ; if  not  it  contains  more  or  less  blood. 
The  air-  passages  often  contain  foamy  fluid  in  abundance,  not  rarely  mixed 
with  blood.  The  lungs  are  voluminous  in  consequence  partly  of  hyper- 
semia,  partly  of  serous  infiltration. 

In  cases  of  poisoning  by  carbonic  oxide  the  blood  is  almost  always  of  a 
light  red  color  (dark  only  when  the  carbonic  oxide  has  been  entirely 
changed  into  carbonic  acid) ; numerous  bright  red  spots,  of  varying  size, 
appear  on  the  skin.  Furthermore,  here  as  well  as  in  most  cases  of  poison- 
ing, parenchymatous  clouding  of  the  muscles,  the  large  glands,  etc.,  appear. 

In  cases  of  death  from  drowning,  the  fluid  in  which  it  occurred  is  found 
in  the  air-passages  and  lung-cells;  only  a small  part  of  the  fluid  contained 
in  the  latter  being  blood-serum.  The  fluid  enters  these  locations  only  in  a 
short  period  before  the  agony,  mainly  during  the  agony;  according  to 
experiments,  deep  inspirations  and  feeble  expirations  are  said  to  occur  in 
the  last  stage  of  asphyxia.  Sometimes  death  by  drowning  occurs  very  sud- 
denly without  any  deep  inspirations  before  the  agony,  and  then  no  fluid 
penetrates  from  without  (so-called  apoplectic  death  by  drowning). 
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Strauch.  Med.  Ctrlbl. , 1864,  No.  36  et  37.— Perls,  Koeniysb.  med.  Jahrb.,  1864, 
IV.,  p.  56. — Zai.esky.  I Inters . fib.  d.  urdm.  Process,  etc.,  1865. —Meissner,  Zlschr. 
f.  rat.  Med.,  1866,  XXVI.,  p.  225.— Voit,  Per.  d.  Bayerischen  Acad. . 1867,  I.,  p. 
304 ,—Ztschr.  f.  Biol.  1868,  IV.,  p.  77.— Bartels,  In  Volkm.'s  klin.  Vortr.,  1871, 
No.  25.— Hampeln,  Dorp.  med.  Z. , IV.,  p.  105. 

UR/EMIA  is  an  usually  acute  condition,  nearly  always  accompanied  by 
typhoid  symptoms,  frequently  by  vomiting,  loss  of  consciousness,  somno- 
lence convulsions,  etc.,  which  occurs  especially  in  the  course  of  diffused 
nephritis  ( Morbus  Brightii),  in  consequence  of  disturbed  activity  of  the 
kidneys,  especially  of  retention  of  urine,  and  probably  of  all  its  ingre- 
dients, but  mainly  of  urea,  uric  acid,  creatinin  and  extractive  matter. 

The  above  opinion  is  based  partly  upon  clinical  and  pathologico-ana- 
tomical  observation,  and  partly  upon  numerous  experiments,  in  which 
animals  were  deprived  of  both  kidneys,  or  both  ureters  were  ligated.  The 
results  of  these  experiments  were  phenomena  similar  to  those  of  ureemia 
in  man,  and  death.  In  the  blood  and  in  several  tissues,  especially  the 
muscles,  urea  was  found,  and  a number  of  other  substances  were  consider- 
ably increased  (extractive  matters,  potassa  salts,  creatin) : according  to 
some  after  both  operations,  according  to  others  only  after  the  ligation  of 
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the  ureters.  Furthermore  there  appeared  within  the  tissues  substances 
which  are  not  there  normally,  mainly  such,  like  creatin,  as  must  be  con- 
sidered final  physiological  products  of  the  decomposition  of  albumen. 


Normal  blood  contains  in  100  gna.  16-20  mgrm. . anemic  blood  40-60  and  more  of 
urea.  Moreover  there  is  in  the  latter  an  increase  of  extractive  matters.  Meissner 
also  discovered  an  abundance  of  succunc  acid  in  it.  Many  have  found  after  double 
nephrotomy  or  after  ligation  of  both  ureters  a considerable  increase  of  urea  in  the 
blood.  In  animals  (dogs)  who  vomited,  this  was  not  constant.  Furthermore  urea 
was  discovered  in  the  liver,  brain,  and  muscles,  organs  in  which,  excepting  the  liver 
(Meissner),  they  do  not  occur  normally. 

In  the  first  period  of  the  knowledge  of  unemia  the  opinion  was  held,  that  the 
urine  was  in  toto  the  cause  of  the  disease : as  soon  as  it  was  prevented  from  being 
excreted  by  the  kidneys,  it  would  be  in  a vicarious  way  by  the  stomach  and  intes- 
tine. by  existing  wounds  and  ulcers,  etc. ; a certain  kind  of  metastasis  occurred. 
Injections  of  urine  into  the  vessels  produced  similar  symptoms,  if  the  urine  had  not 
been  filtered  ; but  if  it  were  filtered,  or  if  the  urea,  which  was  considered  especially 
obnoxious,  was  injected  alone,  it  had  no  effect,  because  the  kidneys  excreted  it  too 
rapidly  (Vaoqcemn  and  B ltd  alas).  After  injections  of  the  pure  urea  even,  Ham- 
mond and  Gallois  pretend  to  have  noticed  anemia  ; but  the  large  majority  of  ex- 
perimenters (Stannu  s.  Frekiciis.  Hoppe-Oppler,  Pktbopk,  Mi  nk)  did  not 
observe  it,  excepting  when  very  considerable  quantities  had  been  injected.  The  latter 
is  also  the  case  in  the  later  studies  by  Falck  (1),  Kl. , 1871,  No.  41  ff.)  and  GOKMANN 
( Meissner,  X.  f.  rat.  mrd.,  CXXVI,  p.  241).  O.  Rees,  Bright  and  others  found 
blood  very  rich  in  urea  without  the  presence  of  urannia.  (Compare,  infra , experi- 
ments on  feeding  by  Vorr.) 

Frekiciis  holds  that  not  the  simple  retention  of  the  ingredients  of  the  urine, 
especially  of  the  urea,  is  the  cause  of  ursemia,  but  that  accumulated  in  the  blood  it 
must  be  changed  within  the  vascular  system  by  the  agency  of  a fermenting  body  into 
carbonate  of  ammonia  in  order  to  induce  uramiia  : for  (1)  the  latter  produces,  when 
injected  into  the  blood,  symptoms  very  similar  to  those  of  anemia,  and  (2i  this  salt  is 
present  in  the  blood  during  the  urasmic  condition  as  well  of  the  sick  as  <>f  uephroto- 
mized  animals,  but  absent  in  healthy  blood.  This  theory  was  accepted  generally  for 
several  years.  But  already  in  LS.V'5  ScitoTTiS'  proved  that  pure  urea  (not  carbonate 
of  ammonia)  appeared  upon  the  skin  and  in  the  secretions  with  anemic  phenomena 
in  the  typhoid  stage  of  cholera.  8CH.  proved  furthermore  that  similar  symptoms  occur 
nfter  injection  of  other  substances,  as  carbonate  of  soda  sulphates,  etc.  (though  tins  is 
denied  by  later  experimenters,  as  Pktrofk,  ZOi.ZKR,  and  others).  Moreover,  Hofpe- 
Oppler,  as  well  as  MuN’K  ami  VotT,  deny  that  the  phenomena  produced  by  carbo- 
nate of  ammonia  and  those  by  anemic  poisoning  are  alike.  iPKTROPP  on  the  con- 
trary saw  after  injections  of  carbonate  of  ammonia  and  after  extirpation  of  the 
kidneys,  attacks  quite  similar  to  those  of  unemia.)  The  second  jtoint  of  Frekiciis’ 
theory  was  also  disputed.  HOPPE- OppLKR  detected  only  urea  in  the  blood  of  persons 
suffering  from  unemia,  as  also  in  that  of  nephrotomized  animals,  but  they  failed  to 
find  any  carbonate  of  ammonia.  The  latter  is  corroborated  by  Kf  HNK  Stkaccit,  as 
also  by  ZaLEsky.  (PkTrofp  on  the  contrary  says  that  he  found  it  after  nephrot- 
omy ) Whether  it  appears  in  the  blood  of  uraemic  people,  is  doubtful.  Lately 
SplegeLBEUU  and  Gscheidlen  found  it  in  the  blood  of  a woman  suffering  from 
eclampsia. 

According  to  Fkkhiciis  the  carbonate  of  ammonia  originates  within  the  blood, 
while  according  to  Bernard,  StaNNIUh.  T REITZ  and  others  the  urea  is  decomposed 
into  carbonate  of  nmmonia  within  the  stomach  and  intestines  by  the  action  of  the 
present  urea  ferment,  and  only  thence  the  ammonia  is  absorbed  by  the  blood.  Vorr 
also  demonstrated,  that  a transformation  of  urea  into  carbonate  of  ammonia  only  takes 
place  within  the  intestinal  canal : the  contents  of  the  intestines  of  uraemic  animals 
as  well  as  the  ejected  matter  from  the  stomach  before  death  have  an  alkaline  re- 
action and  the  urea  has  disappeared. 

Consequently,  Frer tens’  hypothesis  is  either  false,  or  at  least  does  not  explain 
all  cases.  For  (1 ) the  symptoms  appearing  after  injections  of  carbonate  of  ummouia 
are  not  entirely  the  same  as  those  of  urtemia ; (2)  it  is  not  proven  that  the  blood  of 
ursemie  animals  contains  carbonate  of  ammonia  (8TBAOCn-KPHNK)  ; the  urea  in  the 
body  does  not  clumge  so  readily  into  carboimte  of  ammonia.  Vorr  searched  unsuccess- 
fully for  carbonate  of  ammonia  in  the  expired  air  of  animals  after  nephrotomy  or 
ligation  of  the  ureters  ; (il)  it  is  not  demonstrated  that  the  carbonate  of  ammonia  is 
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only  produced  by  the  decomposition  of  urea.  Vorr  demonstrated  its  presence  with- 
in the  urine  by  feeding  healthy  animals  with  it ; (4)  SCHOTTIN  found  also  a large 
quantity  of  creatinin  in  the  blood  of  uraemia,  and  noticed  its  excretion  with  the  urine 
in  favorable  cases  ; in  unfavorable  cases  the  creatin  and  creatinin  would  accumulate 
in  the  fluids  of  the  body.  Sch.  believes  that  the  action  of  uraemia  consists  mainly  in 
a disturbance  of  general  nutrition  and  especially  of  the  muscles ; (5)  clinical  observa- 
tion speaks  against  Frericiis:  uraemic  phenomena  occasionally  occur  while  the 
urine  is  excreted  in  normal  quantity  and  urea  in  only  slightly  diminished  amount ; 
occasionally  when  the  excretion  of  urine  and  of  urea  remains  relatively  the  same ; 
finally  occasionally  when  there  is  abundant  excretion  of  urine  and  of  urea,  while  they 
may  not  appear  even  with  complete  ischuria  of  long  duration  (observations  of  Ciuus- 
TlsoN,  LrEBERMKlsTER,  BlEKMER,  Rosen stein  and  others). 

Robenstkin  ( Vii'ch.  Arch .,  1873,  LVI.,  p.  383)  concludes  from  experimentation 
on  animals,  etc.,  that  carbonate  of  ammonia,  introduced  into  the  blood  in  sufficient 
quantity,  can  always  only  produce  the  same  series  of  phenomena,  those  of  epilepsy 
(probably  by  direct  influence  upon  the  nerve-substance  of  the  cerebral  centre  of  con- 
vulsions), while,  the  agent  which  produces  uraemia  induces  the  phenomena  of  epilep- 
sy, but  besides  those  of  coma,  convulsions  and  delirium.  But  even  if  the  uraemic  con- 
dition resemble  that  of  poisoning  by  ammonia,  and  even  if  ammonia  be  found  in  the 
blood,  the  former  is  not  dependent  upon  the  latter,  because  the  same  phenomena 
occur  in  man  without  the  presence  of  ammonia  in  the  blood,  and  because  no  propor- 
tion between  the  intensity  of  the  unemic  phenomena  and  the  quantity  of  ammonia 
exists  in  experiments  upon  animals. 

To  these  chemical  hypotheses  Tkaube,  previously  Owen  Rees  as  well,  opposed  a 
physical  one.  According  to  him  the  serum  of  the  blood  in  morbus  Bnghtii  is  more 
liquid  and  more  disposed  to  transudations ; simultaneously  hypertrophy  of  the  left 
ventricle  of  the  heart  arises  in  consequence  of  the  abnormally  high  tension  of  the 
aorta  (fulness  of  the  pulse,  etc.).  If  from  any  cause  the  liquefaction  of  the  serum 
or  the  tension  of  the  arteries  suddenly  increases,  oedema  and  anaemia  of  the  brain 
follow,  and  in  consequence  thereof  the  symptoms  of  uraemia  are  produced.  If  only 
the  cerebrum  becomes  cedematous  and  anaemic,  simple  coma  arises;  but  if  at  the 
same  time  the  mesocephale  also  becomes  anaemic,  convulsions  occur ; if  only  the 
latter  becomes  anaemic,  convulsions  merely  are  produced.  Monk  found  the  brain 
cedematous  after  nephrotomy,  and  its  gyri  collapsed.  He  tried  to  support  this 
hypothesis,  which  Voit  and  others  do  not  acknowledge,  experimentally.  If  he 
ligated  the  ureters  and  one  jugular  vein  of  a dog,  and  then  injected  water  into 
the  carotids,  severe  convulsions,  similar  to  the  uraemic  ones,  and  coma  set  in ; 
the  brain  was  usually  anaemic  and  cedematous.  But  the  uraemic  phenomena  appeared 
not  at  all  or  very  late,  if,  after  ligation  of  the  ureters  or  extirpation  of  the  kidneys, 
etc.,  the  carotids  were  tied.  Rosenstein  ( Monatschr . f.  Gcbrtsk.,  XXIII.,  p.  413) 
explains  eclampsia  in  the  same  way.  Otto  (Beitr.  z.  L.  v.  d.  Eclampsie,  Dorpat, 
1800)  also.  According  to  E Bidder  [Holst.  Gyn&k.  Beitr.,  1807,  II.),  injections  of 
water  only  produce  convulsions  and  coma,  when  the  lateral  pressure  is  increased  to 
four  or  five  times  the  normal.  Even  a lateral  pressure,  equivalent  to  a column  of 
mercury  of  500-700  mm. , was  well  borne,  if  B.  injected  blood-serum  in  place  of  water. 
Voit  and  others,  and  also  many  pathological  anatomists,  did  not  find  the  quantity  of 
water  in  the  brain  of  nephrotomized  animals  increased. 

Still  it  remains  most  probable  that  diminished  excretion  of  all  or  almost  all  ingre- 
dients of  the  urine  produces  uraemia. 

Op  BEER  found,  after  extirpation  of  the  kidneys,  or  after  ligation  of  both  ureters  with 
subsequent  injection  of  urea,  an  enormous  increase  of  the  extractive  matters  of  the 
blood  and  a large  amount  of  creatin  and  leucinin  the  muscles.  According  to  him,  the 
products  of  the  decomposition  of  muscles  increase  in  enormous  amounts,  and  accu- 
mulate in  consequence  of  suspended  activity  of  the  kidneys.  They  are  also  probably 
produced  in  the  spinal  cord  and  brain,  and  are  the  cause  of  uraemia. 

The  experiments  of  Zalesky  on  birds  and  snakes  make  it  probable  that  the  reten- 
tion of  urea  is  not  the  only  cause  of  uraemia  : both  these  classes  of  animals,  who,  as 
is  well  known,  do  not  excrete  any  urea,  showed  well-marked  symptoms  of  uraemia 
after  nephrotomy  as  well  as  after  ligation  of  the  ureters.  According  to  Meissner, 
urea  produces,  when  injected  into  the  blood  of  rabbits,  comatose  symptoms  only  in 
doses  of  at  least  one  to  two  grin.  Creatin  injected  into  the  blood  has  no  results,  and 
is  rapidly  excreted  by  the  kidneys.  Creatinin  produces  great  fatigue,  and  twitohiugs 
on  attempts  to  move. 

Voit  rejects  all  former  chemical  and  the  physical  hypothesis  of  uraemia,  and  comes 
to  the  conclusion  that  it  is  not  produced  by  retention  of  urea  only,  but  also  of  uric 


CAUSES  OF  URA3IIA. 


573 


acid,  potas-a  salt?  and  other  ingredients  of  the  urine,  and  that  thereby  all  products 
of  decomposition  not  gaseous  are  not  only  retained  in  the  blood  but  also  in  the  organs ; 
that  the  interchanges  between  the  blood  and  the  minutest  divisions  of  the  organs 
cannot  take  place  if  the  products  of  decomposition,  which  arise  from  nutrition,  etc., 
are  not  excreted.  (Compare  Pkiu.8,  1.  c.)  Yoit  supports  thus  opinion  by  experi- 
ments upon  animals,  and  upon  the  previous  examinations  of  the  relation  of  creatin 
and  creatinin  to  urea  in  the  animal  economy.  Fresh  normal  muscle  contains  creatin, 
traces  of  creatinin,  but  no  urea  (as  Zai.ksky  believes).  But  the  latter  is  present  in 
the  muscles  of  nephrotomized  dogs  in  considerable  quantity:  0.12-0.14,  even  0.03 
per  cent.  In  normal  circumstances  urea  originates  within  the  organs,  especially  the 
muscles ; creatin  and  creatinin  are  not  changed  into  urea.  Contrarily  to  others,  V. 
found  after  nephrotomy,  if  the  animals  survived  the  operation  as  long  as  after  liga- 
tion of  the  ureters,  and  if  the  urea  was  not  excreted  by  any  other  organs,  just  as  large 
a quantity  of  urea  in  the  blood  (in  accordance  with  MEISSNER,  who  attributes  the  defi- 
ciency of  the  urea  to  its  expulsion  with  the  vomiting  which  always  occurs  in  dogs) 
and  in  the  organs,  as  after  ligation  of  the  ureters  merely  (in  opposition  to  Zai.ksky)  ; 
there  was  no  difference  in  the  two  operations  as  regards  the  amount  of  creatin  in  the 
muscles  (coutrary  to  Zai.ksky,  who  always  found  more  creatin  in  the  muscles  after 
nephrotomy  than  after  ligation  of  the  ureters).  According  to  VoiT.  small  dogs  can 
be  fed  with  large  amounts  of  urea  without  the  occurrence  of  any  remarkable  pheno- 
mena in  them,  provided  they  can  take  water  : for  urea  requires,  just  like  the  neutral 
salts,  a certain  amount  of  water  for  its  elimination.  But  if  the  excretion  of  urea  is 
interfered  with  by  the  abstraction  of  water,  the  most  intense  u ramie  phenomena 
appear. 

Causes  of  Ur.f.mia.  These  may  be  any  disease  of  the  kidneys,  in  which 
the  secretion  of  urine  is  more  or  less  prevented : inflammations  therefore 
of  the  kidney-tissue,  those  combined  with  formation  of  abscesses,  but  more 
especially  the  different  so-called  albuminous  infiltrations,  which  are  desig- 
nated diffused  nephritis  or  morbux  lirightii ; its  primary  as  well  as  the 
secondary  forms.  Another  cause  is  formed  by  all  those  affections  which 
cause  a diminution  or  complete  cessation  of  the  excretion  of  urine,  be  their 
origin  in  diseases  of  the  urinary  passages,  or  of  their  neighboring  parts: 
hydronephrosis,  pyelitis,  cystitis,  stricture  of  the  urethra,  diseased  prostate 
gland,  paralysis  of  the  urinary  bladder,  etc. 

Uraraia  occurs  much  more  frequently  in  the  coarse  of  granular  kidney  than  of  the 
chronic,  inflammatory  swelling  of  the  kidney  (so-called  second  stage  of  morbu « 
Jirigbtti) ; the  minute  quantity  of  excreted  urine  of  the  latter  contains  a much  larger 
percentage  of  urea  than  the  abundant  watery  urine  of  the  former  (Bautki.s).  It  is 
very  rarely  that  anemia  occurs  from  fatty  kidney.  In  Asiatic  cholera  the  secretion 
of  urine  ceases  entirely  in  the  stage  of  asphyxia  or  ttadium  algidum  (in  consequence 
of  the  diminished  blood -pressure) ; in  the  stage  of  reaction  and  in  the  typhoid  stage 
the  urine  is  albuminous,  poor  in  urea,  etc.  (In  the  latter  case  in  consequence  of  the 
croupous  nephritis  or  the  great  loss  of  water  from  the  intestines.) 

.Numerous  pathologico-anatomical  examinations  show  that  in  cases  of  unemia  both 
kidneys  are  al  ways  diseased,  mostly  to  the  same,  more  rarely  in  different  degrees  : if 
with  severe  disease  of  one  kidney  the  other  be  normal,  no  disturbance  occurs  in  the 
excretion  of  urine.  IIosknstkin  (J fed.  Ctrlbl.,  1371,  No.  28)  found  the  excretion  of 
the  urine  after  extirpation  of  one  kidney  the  same  on  the  two  consecutive  days  after 
the  operation  as  before  it. 

hy  during  the  above-mentioned  diseases,  under  apparently  the  same 
conditions,  unemia  is  now  present,  now  absent ; why  there  is  no  unemia 
after  ischuria  of  several  days’  duration,  without  simultaneous  vomiting  or 
diarrhoea,  is  not  understood.  In  general,  uratmia  arises  the  more  readily, 
the  more  sudden,  and  the  more  complete  the  cessation  of  se-  or  excretion  of 
the  urine  is,  as  also  the  more  robust  the  individual  was  before  the  attack  of 
the  disease  in  question  (cholera,  scarlatina)  ; and,  lastly,  the  greater  the 
accumulation  of  excrementitious  matter  was  in  their  body  (in  diseases 
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attended  with  high  fever,  pyaemia,  etc.).  Generally  the  occurrence  of  urae- 
mia, in  morbus  Jirightii,  is  hastened  bv  the  absence  of  dropsy:  perhaps 
because  a large  amount  of  urea  is  taken  from  the  circulation  by  the  dropsi- 
cal ettusion  which  usually  contains  more  of  the  urea  than  the  blood.  Urae- 
mia never  occurs  as  long  as  there  exists  a high  degree  of  dropsy,  but  is 
occasionally  produced  when  the  effusion  suddenly  disappears,  spontaneously 
or  in  consequence  of  medication  ; — hot  baths. 

Barters  holds  the  sudden  intermingling  of  the  blood  with  the  products  of  the 
retrogressive  metamorphosis,  as  they  are  contained  in  the  dropsical  fluid,  to  be  the 
cause  of  uraemia. 

In  the  uraemia  of  cholera  the  tension  of  the  vascular  system  is  decreased  by  the 
enormous  loss  of  water  and  the  diminution  of  the  heart’s  activity.  Thereby  the 
blood  not  only  loses  water,  but  becomes  surcharged  with  urea,  which  it  absorbs  from 
the  tissues.  (Kaup  and  JOkgensen,  Arch.  f.  /din.  Med.,  VI.,  p.  65.) 

The  outbreak  of  uraemic  symptoms  is  prevented  by  excretion  of  the 
urea  and  the  other  ingredients  of  the  urine  into  the  stomach  and  intestines 
(by  vomiting  and  diarrhoea),  perhaps  also  upon  the  skin. 

Nysten,  Marchand,  Lehmann,  and  others  found  urea  in  the  stomach  after 
nephrotomy ; Bernard,  Stannius,  and  others  found  carbonate  of  ammonia  in  it. 

The  symptoms  of  uu .em [A  are  usually  not  so  characteristic  that  a diag- 
nosis is  possible  without  the  knowledge  of  the  previous  disturbance  of  the 
se-  or  excretion  of  urine.  Its  excretion  is  generally  diminished,  even  entirely 
suspended,  rarely  normal,  still  more  rarely  increased.  According  to  each 
special  cause  the  urine  has  a different  composition:  most  frequently  it  is 
albuminous;  its  quantity  of  urea  is  mostly  decreased  (instead  of  about 
thirty  grm.  in  twenty-four  hours,  ten  to  seven  grin.)  rarely  normal,  very 
rarely  increased. 

From  the  fact  of  the  decrease  of  the  urea  it  cannot  be  positively  concluded  that 
there  exists  retention  of  urea.  As  most  of  these  patients  are  anaemic,  it  is  possible 
that  there  is  a diminished  production  of  urea  (Hampei.n,  1.  c.). 

The  functions  of  the  brain  are  disturbed,  most  frequently  with  paralysis : 
general  mental  inactivity,  apathy,  impaired  consciousness  or  its  entire  loss ; 
drowsiness  or  somnolency ; occasionally  amblyopia  or  even  amaurosis  with 
power  of  reaction  of  the  pupils,  difficulty  of  hearing,  diminished  sensation. 
At  other  times  there  appear  symptoms  of  irritation  of  the  brain,  either 
simultaneously  or  separately : different  forms  of  delirium,  delusions  of  the 
senses  ; especially  frequent  are  attacks  of  partial,  more  frequently  of  general 
convulsions,  usually  similar  to  epileptic,  more  rarely  to  tetanic  seizures  ; 
usually  attended  by  unconsciousness.  In  the  beginning  headache  frequently 
exists,  usually  very  severe. 

The  immediate  cause  of  the  above-mentioned  brain-phenomena  is  still  unknown. 
It  is  even  probable  that  several  substances  occasion  all  or  part  of  these  phenomena : 
the  greater  amount  of  water  in  the  blood,  the  urea,  the  potassa  salts.  According  to 
Ranke  ( Ordz . d.  Phys.,  1872,  p.  531),  urea  causes  an  irritation  of  the  controlling 
centre  of  reflex  action,  wherefrom  gradually  a paralysis  of  the  entire  peripheral  reflex 
apparatus  is  developed  ; perhaps  it  also  acts  paralyzingly  upon  the  nervous  will- 
organ. 

As  regards  the  organs  of  digestion  vomiting  especially  is  a constant 
symptom,  diarrhoea  less  so.  The  vomited  matter  consists  first  of  the  ingesta 
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and  has  nn  acid  reaction  ; later  on  it  consists  of  mucus  or  watery  substances, 
and  has  a neutral  or  alkaline  reaction,  and  then  occasionally  has  an  ammo- 
niacal  odor.  The  diarrhcca  is  occasionally  profuse  and  obstinate.  The 
appearances  of  the  digestive  passages  are  probably  due  to  the  irritation  by 
the  urea  excreted  into  it,  or  by  the  carbonate  of  ammonia  which  is  produced 
from  it. 

The  vomited  matter  contains  urea  according  to  Bernard  and  Barreswil,  as  also 
according  to  Hammond. 

The  temperature  is  usually  increased  in  acute  cases,  and  the  skin  is  usually 
dry.  The  pulse  has  no  constant  characteristics  ; usually  it  is  quickened  and 
hard;  sometimes  it  is  slower  than  normally.  Respiration  is  usually  quick- 
ened ; occasionally  there  is  dyspnoea.  The  presence  of  ammonia  in  the 
expired  air  of  the  person  suffering  from  uraemia  is  frequent,  but  not  con- 
stant, and  is  also  often  found  under  other  circumstances. 

(Schottin,  1.  c. — Rkcitno,  Ucb.  <L  Ammonuikgfhnlt  d.  crpir.  Luft.  te.  s.  tr.,Gies- 
sen,  1854. — Hammond,  Amer.  Journ.  of  Med.  Sc.,  Jan.,  1861.) 

The  persipration  contains,  besides  other  substances,  urea  which  is  often 
excreted,  usually  only  shortly  before  death,  upon  the  uncovered  pottious  of 
the  skin,  especially  the  forehead  ami  the  upper  part  of  the  face,  by  evapora- 
tion of  the  water  in  which  it  is  dissolved,  and  then  forms  a frost-like  cov- 
ering. 

The  course  of  uh.f.mia  is  variable.  Sometimes  it  begins  almost  unno- 
ticed with  but  light  symptoms;  sometimes  the  symptoms  are  more  marked 
ami  aggravated,  and  sometimes  it  commences  suddenly  in  the  most  intense 
form.  The  first  mentioned  form  is  often  overlooked,  the  second  kind  can 
easily  Ik-  confounded  with  typhoid  fever,  the  last  has  some  similarity  to 
hemorrhage  in  the  brain,  or  with  epilepsy,  or  with  an  acute  poisoning 
(by  opium,  belladonna,  alcohol,  lead),  or  with  cholera.  Its  course  is  acute, 
Rubacute,  or  chronic,  rarely  regular,  frequently  interrupted  by  severe  attacks 
(so-called  urremic  attacks);  occasionally  attacks  occur,  separated  by  perfectly 
free  intervals. 

1 he  termination  of  uraemia  is  almost  always  fatal.  The  single  attacks 
not  rarely  pass  over  entirely  or  almost  entirely  ; probably  by  the  separation 
of  the  injurious  substances  by  the  kidneys  or  stomach,  or  intestinal  mucous 
membrane,  or  lungs  or  skin,  or  by  their  decomposition  within  the  body. 

AMMONl.EMIA. 

Theitz,  Prng.  T ’jtchr.,  1859,  IV.,  p.  100.— Jakscii,  ib.,  I860,  II.,  p.  143. 

Ammoni  emi a is  that  change  of  the  blood  which  arises  from  retention  of 
urine,  especially  of  urea,  and  the  consequent  metamorphosis  of  the  latter 
into  carbonate  of  ammonia,  which  gets  into  the  blood.  The  retention  of 
the  urea  usually  is  the  consequence  of  any  retention  of  urine  (strictures  of 
the  urethra,  enlargement  of  the  prostate,  paralysis  and  chronic  catarrh  of 
the  urinary  bladder,  suppurating  pyelitis).  It  causes  an  irritation  of  the 
mucous  membrane  of  the  bladder,  an  increased  production  of  mucus  or 
even  of  pus,  and  a change  of  urea  into  carbonate  of  ammonia,  which  is 
usually  produced  by  a specific  ferment  which  is  introduced  from  without. 
More  rarely  ominonitemia  occurs  simultaneously  with  ursemia : then  it  is 
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possible  for  the  urea,  excreted  into  the  intestines,  to  change  into  carbonate 
oi  ammonia,  and  the  latter  to  cause  ammoniaunia. 

(Compare  Fkerich’b  hypothesis,  p.  571.) 

Experimental  observations  in  regard  to  ammoniaamia  have  only  been  made  rarely 
and  usually  indirectly.  According  to  Oppi.kk,  restless  movements,  vomiting,  severe 
convulsions  are  induced  by  injection  of  carbonate  of  ammonia  into  the  blood.  VoGEL 
corroborates  this.  Zai.kskv  found  that  after  ligation  of  the  ureters  there  were  exha- 
lations of  a urinous  odor  even  before  life  was  extiuct;  the  same  odor  appeared  when 
the  abdomen  was  opened.  But  neither  nephrotomy  nor  ligation  of  the  ureters  had 
any  influence  upon  the  quantity  of  ammonia  contained  in  the  blood.  R08BN8TEIN 
(see  p.  572)  denies  any  connection  between  ammoniaemia  and  poisoning  by  carbonate 
of  ammonia. 

The  mucus-like  masses  in  certain  cases  of  inflammation  of  the  bladder,  where 
alkaline  fermentation  of  the  urine  has  commenced  within  the  urinary  passages,  do 
not  consist  of  mucus  which  has  been  separated  from  the  mucous  membrane  of  the 
bladder,  but  is  a product  of  the  influence  which  the  carbonate  of  ammonia,  which 
has  been  developed  from  the  urea,  exerts  upon  the  pus-corpuscles  contained  in  the 
urine.  Usually  the  ferment  is  introduced  into  the  urinary  bladder  by  means  of  the 
catheter  (FisueuTraube,  Deri.  klin.  W»chr 1864,  No.  2.  Compare  Teuffel,  lb., 
No.  16). 

The  symptoms  of  ammoni.emia  are : first,  the  mucous  or  muco-purulent 
contents,  as  well  as  the  strongly  alkaline  condition  of  the  urine ; the  large 
quantity  of  ammonia  contained  in  the  expired  air;  occasionally  vomiting, 
with  diarrhoea  or  -constipation ; remarkable  dryness  of  mouth  and  throat ; 
dry  skin  ; usually  a high  temperature ; full  possession  of  consciousness. 

Jakscii  makes  a distinction  between  acute  and  chronic  ammoniaemia  : in  the  first 
there  are  usually  vomiting  (which  in  an  unfavorable  case  is  followed  by  fever),  great 
muscular  prostration,  rapid  alteration  of  the  face  and  sopor ; in  the  latter  gastric 
symptoms,  similar  to  those  of  chrouic  catarrh  of  the  stomach,  occur,  sometimes  com- 
bined with  severe  intermittent  chills.  Dropsy  is  said  never  to  be  present ; neither 
are  convulsions  or  disturbances  of  sight. 

The  termination  is  rarely  in  health  ; usually  after  increasing  emaciation 
and  cachexia  death  occurs. 

In  the  corpse  the  urinary  passages,  more  particularly  the  kidneys,  present 
different  changes  according  to  the  cause.  In  the  intestinal  canal  there  is 
always  chronic  catarrh. 

According  to  Tkkitz,  the  intestines  contain  an  abundant  greenish-yellow,  thinly 
mucous,  neutral  and  alkaline  fluid  with  an  amraoniacal  odor,  usually  without 
fteces.  Their  mucous  membrane  is  oedematous,  in  a condition  of  acute  or  chronio 
blennorrhoea ; it  frequently  presents  ulcers  similar  to  those  of  dysentery. 


1IYDKOTITIONA5MTA,  AND  HYDROTHION-AMMONIACMKA 

consist  in  the  entrance  into  the  blood  of  sulphuretted  hydrogen,  or  sulphuretted 
hydrate  of  the  sulphate  of  ammonia,  which  is  produced  in  the  stomach  and  intestines 
in  consequence  of  errors  of  diet  and  of  catarrh,  or  in  the  peritoneal  cavity  after  per- 
foration of  the  bowel.  Therefrom  are  produced  symptoms  similar  to  those  in  poison- 
ing by  these  gases  : general  collapse,  dizziness,  pallor,  frequent,  but  very  small  pulse, 
rapid,  superficial  respirations  ; the  urine  gives  the  reaction  of  sulphuretted  hydrogen 
(acetate  of  lead  paper).  The  attacks  pass  away  rapidly  or  not,  according  to  the 
cause  or  death  ensues.  In  post  mortem  examination,  great  rigidity,  brownish-red 
dry  muscular  fibres,  incomplete  coagulation  of  the  blood,  and  hyperasmia  of  the 
pelves  of  the  kidneys  are  found.  . , „„„„ 

Compare  BETZ,  Manor.,  IX.,  No.  7.— Senator,  Berl.  kl.  Wschr .,  1868,  No.  24.— 
Emmingiiacs,  lb.,  1872,  No.  40  et  41, 
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Petters.  Prag.  Ytljfchr ..  1857,  LV.,  p.  81. — Kaulich,  lb.,  18G0.  LVIL,  p.  58. — 
Betz,  MmumtbiUen, , 1801,  VI.,  No.  3.—  Cantani,  11  Morgagni,  1804,  VI.,  p.  365  et 
650. 

Acetonemia  is  a morbid  state  which  occurs  in  various  conditions  (dis- 
eases of  stomach  and  intestine,  intoxication,  many  febrile  diseases,  most  fre- 
quently diabetes),  and  which  is  characterized  by  the  presence  of  acetone  in 
the  blood,  by  a peculiar  odor  of  the  exhalations  from  mouth  and  lungs,  as 
well  as  of  the  urine,  and  by  diverse  well-marked  nervous  disturbances, 
which  sometimes  consist  of  depression,  sometimes  of  excitation.  The 
symptoms  presented  by  the  heart  and  the  organs  of  respiration  are  not  con- 
stant. The  mucous  membrane  of  mouth  and  throat  are  always  red,  dry,  and 
more  or  less  glistening  and  hot. 

Acetone,  a derivative  of  acetic  acid,  is  produced  according  to  some  in  the 
stomach  and  intestines,  according  to  others  in  the  liver  and  thence  is 
carried  into  the  blood : probably  it  is  formed  from  grape-sugar.  It  was 
first  discovered  in  the  urine,  later  also  in  the  stomach  and  blood  of  those 
Buffering  from  diabetes,  then  also  in  those  having  measles,  scarlatina, 
typhoid  fever,  pneumonia,  etc. 

ERIC  ACII)  DYSCBASIA. 

Baht  KM,  D.  Arch,  f Min.  mcd. , 1865,  I.,  p.  13  (see  Suffocation,  p.  557). 

The  existence  of  a so-called  uric  acid  dyscrasia  or  diathesis  is  still  doubt- 
ful. 

The  smaller  or  greater  formation  of  uratic  deposits,  which  very  frequently 
occur  in  the  urine  of  those  sick  with  fever,  in  acute  articular  rheumatism, 
in  several  diseases  not  accompanied  by  fever,  is  no  proof  of  an  increased 
production  of  uric  acid.  The  cause  of  this  is  usually  in  the  presence  of 
other  acids,  which  precipitate  the  uric  acid  as  such  or  as  uric  acid  salts. 

An  actual  increase  of  the  excretion  of  uric  acid  really  occurs  : either 
from  increased  production  of  uric  acid  (with  aimultaueous  increased  pro- 
duction of  urea,  consequent  to  an  increased  consumption  of  albuminous 
substances,  as  in  fever) ; or  from  diminished  oxidation  of  the  uric  acid 
formed  in  normal  quantity  (as  in  leucocytluemia,  chlorosis,  and  probably 
also  in  poisoning  by  coal  gas).  The  consequences  to  the  organism  are  proba- 
bly not  injurious.  Concretions  nmy  be  formed  within  the  urinary  passages. 
Vide  p.  319. 

True  gout,  podagra,  consists  according  to  some  of  the  decreased  excre- 
tion of  uric  acid  by  the  urinary  organs  and  an  accumulation  of  it  within  the 
blood,  moreover  of  a deposit  of  urate  of  soda  in  the  joints,  sometimes  also 
beneath  the  skin,  in  the  cartilage  of  the  ear,  etc.  According  to  others,  there 
is  an  actual  increased  production  of  uric  acid  in  the  gouty  ; but  it  leaves 
the  body  if  the  kidney  is  in  normal  condition.  The  diminished  excretion 
of  uric  acid  by  the  kidneys  is  said  to  la-  due  to  the  fact  than  an  acid  is  pro- 
duced either  in  consequence  of  an  hereditary  tendency,  or  more  commonly 
from  the  immoderate  use  of  meat  and  strong  drink  with  little  bodily  exer- 
cise, which  acid  has  a greater  affinity  for  soda  than  uric  acid.  The  conse- 
quent precipitates  of  urate  of  soda  in  the  canals  of  the  medullary  substance 
of  the  kidney  impede  the  excretion  of  urine  and  favor  the  absorption  of 
uric  acid.  If  this  impediment  to  the  excretion  of  uric  acid  occur  suddenly 
an  attack  of  gout  arises. 

37 
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See  p.  319.  Tjiacbk,  Perl.  kli-n.  Wodunschr 1865,  No.  48.  When  Zat.eskt  (J7». 
hr*,  ub.  d.  nrilrn.  Process,  v.  s.  w.,  1805)  ligated  the  ureters  of  a bird,  death  occurred 
after  20-37  hours.  Dissection  showed  abuudant  deposits  of  uric  acid  salts  upon  the 
surface  of  the  tissues  and  of  all  organs  and  within  their  parenchyma,  excepting  the 
brain.  Their  quantity  depended  upon  the  length  of  the  duration  of  the  animal’s  life. 
1 he  salts  were  not  deposited  within,  but  between  the  cells.  Upon  the  serous  mem- 
branes they  were  in  a crystallized  condition  ; and  their  lymphatic  vessels  were  as  it 
were  injected  with  a white  glistening  substance.  The  blood-coagula  of  the  heart  and 
vessels  often  contained  small  particles  of  uric  acid  salts.  All  joints,  those  of  the 
older  animals  in  especially  large  quantities,  contained  infarctions  of  uric  acid.  The 
kidneys  were  always  infiltrated  first  and  most  abundantly  with  uric  acid  salts.  The 
blood  contained  0.44-1 .3 . of  uric  acid,  that  of  the  animals  which  died  after  20-30 
hours  had  double  the  quantity  of  those  killed  after  12-24  hours. 

SciiiiOdkb  v.  i).  Kolk  (Nederl.  Lane.  Juli  et  August,  1858)  found  in  the  examina- 
tion of  the  greatly  affected  hands  of  a gouty  patient  not  only  large  deposits  of  urate  of 
lime  in  the  tendons  of  the  flexors  and  extensors  of  the  fingers,  as  well  as  in  the  liga- 
ments, but  also  beneath  the  skin  in  large  lumps,  so  that  several  digital  nerves  were 
here  and  there  entirely  surrounded  and  penetrated  by  urate  of  lime.  The  veins 
appeared  in  the  dried  skin,  from  the  large  amount  of  lime  deposited  in  their  course, 
as  white  branches,  while  the  arteries  were  normal.  Wherever  the  skin  was  most 
abundantly  saturated  with  urate  of  lime,  there  the  veins  and  capillaries  of  the  skin 
were  also  most  abundantly  filled  with  the  same  salt. 


XIV.  DIABETES  MELLITUS.  MELLITUItlA.  GLYCOSURIA. 

Tji.  Willis,  Pharmac.  ration .,  1674,  IV.,  C.  3. — Hollo,  Crises  of  the  Diab.  Mdl., 
1798. — Nasse,  l 'nt.  zur  Path.  u.  Pftgs. . 1835;  Arch.  f.  phys.  Jlcilk,  X.,  p.  72. — 
Trout,  On  the  Nat.  and  Treatm.  of  Shan,  and  Urin.  Dis..  1840. — Bouciiardat,  Ann. 
the  rap.,  1841-42-46-48. — Tkavbb,  Virch.  Arch.,  1851,  IV. — Putters,  Prag.  Vjsehr., 
1855. — Cl.  Bernard,  Lty,  de  pftgs.  exp.,  1855. — Griesingkr,  Arch.  f.  phys.  Ifeilk., 
1859,  p.  48;  1802,  p.  370. — Tavy,  On  the  Alleged  Sugar-form.  Funct.  of  the  I Jeer, 
1801  ; .Res.  on  the  Nat.  and  Treatm.  of  Diab.,  1802. — Sciiiff,  Journ.  dc  Pa  nut.  et  de 
phys.,  1800. — Sekoen,  Der  Diab.  mdl.,  1870. 

Consult  also  the  known  text-hooks  on  physiological  chemistry.  Also  : Boecker, 
Deutsche  KL,  1853,  No.  S3. — Rosenstein,  Arch.  Virch.,  1857,  XII.,  p.  414. — Mosler, 
Arch.  d.  V.  f.  iriss.  IfeUk.,  III. — Tiiiereelder  et  Uhle,  Arch.  f.  phys.  Ifeilk. , 1858, 
p.  82. — Haugiiton,  Dubl.  Quart.  J..  1801  and  1803. — Reioii,  De  diab.  mdl.,  Gryph., 
1859. — Gaeiitgens,  Ueber  den  Stoff ireehsel  eines  Diabetikers  cerglichen  mil  deni  eines 
( fesunden . Dorp.,  i860. — Huppert,  Arch.  d.  Ifeilk.,  VII.,  p.  51  ; VIII.,  p.  331. — 
Pettenkokkh  et.  Voit,  Sitzgsber.  d.  Miinchn.  Ac.,  1805,  II.,  p.  224;  1800,  II.; 
Ztschr.  f.  Biol.,  1867,  III.,  p.  381. — Also  the  literature  on  kidney  diseases,  etc.,  espe- 
cially Vogel. 

Mellituria  is  usually  a chronic,  rarely  an  acute  disease,  in  which,  in  con- 
sequence of  an  increased  amount  of  sugar  in  the  blood,  of  an  almost  constant 
increased  amount  of  urine,  of  urea  and  of  other  ingredients  of  the  urine, 
there  is  a smaller  or  larger  amount  of  sugar  (grape-sugar)  excreted  with  the 
urine,  and  from  which  the  patients  usually  die  after  progressive  marasmus. 

In  the  course  of  time  many  theories  of  diabetes  have  been  propounded, 
which  were  partly  founded  upon  {etiological  and  clinical  grounds,  partly 
upon  physiological  experiments.  Most  of  these  theories  are  insufficient  to 
explain  all  the  symptoms  of  the  disorder.  They  can  be  divided  into  two 
groups  : those  which  embrace  all  the  phenomena  of  the  disease,  without 
re<mrdin"  their  immediate  cause  ; and  those  which  endeavor  to  explain  the 
cause  of  the  disease. 

I.  (a)  The  theory  first  propounded  by  HUPPERT,  and  adopted  by  Pettenkofkr 
and  Voit,  explains  diabetes  as  a disturbance  of  nutrition,  and  ascribes  the  phenomena 
to  an  increased  tendency  to  decay  of  the  albuminous  substances  of  the  body.  As  the 
tissues  of  a diabetic  patient  are  consumed  much  more  rapidly  than  those  of  a healthy 
person,  he  has  a proportionately  greater  want  of  food.  As  soon  as  he  ceases  to  be 
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able  to  make  good  the  loss  of  bodily  substance  by  food,  he  must  consume  the  bodily 
substance  (the  organ-albumen).  This  also  explains  the  remarkable  vulnerability 
of  the  tissues  of  diabetic  persons  (injuries  healing  very  slowly)  and  their  great  pros- 
tration (they  succumb  to  exertions  and  affections  which  healthy  people  could  easily 
resist!.  This  theory  furthermore  states  that  the  mode  of  nutrition  does  not  differ 
here  from  that  of  the  healthy  person  : the  albuminous  substances  are  decomposed  into 
nitrogenous  compound*  urea)  and  into  sugar.  But  as  the  formed  blood-ingredients 
(the  oxygen  -carriers,  partake  of  the  quickened  decay  of  the  tissues,  they  are  not  ca- 
pable, on  account  of  their  short  existence,  of  carrying  oxygen  to  the  tissues  in  the 
same  abundant  quantity  as  in  the  healthy  state.  This  explains  why  the  diabetic 
does  not  absorb  as  much  oxygen  in  proportion  to  the  oxidizable  substances  contained 
in  his  blood,  as  the  healthy  person  (but  relatively  less  or  absolutely  as  ranch  as  the 
healthy  person  in  a state  of  starvation — Pi.TTkn  kokkr  and  VoiT),  and,  furthermore, 
why  it  is  that  a smaller  or  greater  portion  of  the  sugar,  formed  from  the  albuminous 
substances,  must  be  excreted  in  an  unoxidized  state  as  such):  consequently  the  pre- 
sence of  sugar  in  the  urine.  The  transformation  of  large  quantities  of  albumen 
causes  the  greatly  increased  excretion  of  urea.  The  saturation  of  the  tissues  with 
the  products  of  decomposition,  especially  with  sugar,  causes  the  thirst  of  the  diabe- 
tics, and  is  perhaps  also  the  cause  of  alterations  of  tissues  (the  decreased  power  of 
resistance).  Ranke  tends  to  Ixdieve  that  the  increased  quantity  of  sugar  in  the 
blood,  similarly  to  a large  amount  of  fat,  influences  the  absorption  of  oxygen  by  tho 
bl  ood-oorpu  soles. 

MkissM-k  supposes  that  the  decreased  absorption  of  oxygen  depends  upon  the 
fact  that  the  diabetic  excretes,  unchanged,  substances  which  in  others  contain  oxy- 
gen, and  that  he  therefore  ha*  a diminished  need  for  oxygen  ; but  the  blood  of  a 
diabetic  is  richer  in  sugar  than  that  of  a healthy  person,  and  therefore  it  always  con- 
tains in  him  more  combustible  material.  This  opposition  to  the  theory  is  therefore 
disproved. 

St  iht.TZKN  (/Art  kl.  Wxchr.,  1872.  No.  35)  believes  that  in  poisoning  by  phosphorus 
the  blood  loses  in  great  pan  its  capacity  to  oxidize,  while  the  processes  of  fer- 
mentation continue.  As  after  phosphorus-poisoning,  by  feeding  on  carbo-hydrates, 
the  lactic  acid  (isomeric  with  glycerin -aldehyde  which  he  discovered  previously)  in- 
creases. he  believes  that  the  latter  compound  should  be  accepted  ns  the  normal  pro- 
duct of  decomposition  of  sugar.  In  the  diabetic  this  decomposition  of  the  sugar 
does  not  take  place  on  account  of  the  disturbed  action  of  fermentation,  and  it  is  ex- 
creted as  such.  But  by  giving  20-25  grm.  of  glycerin  a day  to  the  exclusion  of  all 
sugar  prislucing  sutistauces.  the  diabetic  receives  the  actual  combustible  material, 
and  S.  consequently  noticed  disappearance  of  the  sugar  and  of  the  symptoms  of  dia- 
betes. 

(bi  The  so-called  gastro-inte-tinal  theory  presumes  an  excessive  formation  of  sugar 
within  the  intestinal  canal.  The  frequent  beginning  of  the  disease  with  digestive  dis- 
turbances. moreover  the  intense  thirst  with  want  of  appetite  at  first,  and  later  the  rav- 
enous appetite;  the  facts  that  the  thirst  is  increased  after  the  use  of  amylaceous  sub- 
stances, and  that  it  is  decreased  by  a meat  diet, — speak  in  favor  of  this  theory  ; fur- 
thermore, the  disappearance  of  the  sugar  in  febrile  diseases,  in  which  the  stomach  and 
intestine  are  almost  constantly  affected ; etc.  ( Ro  1.1,0,  Boitchardat,  M.  Greoor.) 
But  this  theory  lacks  any  other  important  support,  and  these  seemingly  good  reasons 
are  disproved  by  the  fact  that  if  a diabetic  starves,  the  disease  still  continues  ; the 
Btigar  can  therefore  not  be  produced  in  the  intestinal  canal,  but  must  be  formed 
within  the  tissues. 

(c)  According  to  the  so-called  hepatic  theory,  the  large  quantity  of  sugar  in  the  blood 
originates  from  the  liver;  the  diabetes  would  therefore  only  consist  in  an  increase  of 
a normal  process,  in  an  hypercrinia  of  the  liver.  This  theory  is  mainly  founded  upon 
Bernard  s discovery,  that  the  liver,  independently  of  the  food,  even  with  pure  meat- 
diet,  produces  glycogen  ■.-ugar  of  the  liver),  which  is  transformed  into  grape  sugar  by 
certain  ferments  ; as  also  upon  the  facts  that  diabetes  cannot  be  induced  in  frogs  whose 
liver  has  l>een  extirpated  ; that  the  diabetes  induced  in  frogs  by  curare-poisoning  dis- 
appears after  extirpation  of  the  liver  (Winoouadofk).  and  lastly  that  diabetes  can- 
not be  induced,  if  the  glycogenic  function  of  the  liver  has  been  destroyed  by  chronic 
arsenical  poisoning  (Sai.kowskt,  Med.  Ctrbl  . 1805,  No.  -10).  But  this  power  of  the 
liver  to  change  glycogen  into  sugar  has  become  at  the  least  doubtful  by  later  phy- 
siological examinations;  besides,  this  theory  is  only  founded  upon  several  clinical  and 
pathologioo-unatoiuieal  facts  which  are  just  as  consistent  with  the  first-mentioned 
theory. 

C.  Bock  and  F.  A.  Hoffmann  (Arch.  f.  Aunt. , Phys. , u.  *.  i/>.,  1871,  p.  550)  in- 
jected in  a short  period  very  large  amounts  of  1%  solutions  of  chloride  of  sodium  into 
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rabbits,  and  found  in  consequence  first  polyuria,  in  proportion  to  the  amount  of  injected 
Hind,  later  mellituria.  KOntzel  (Exper.  Beitr.  z.  Lchre  v.  d.  MeUiturie,  Bert.  Diss., 
1872)  found  the  same  after  injection  of  carbonate,  phosphate,  subsulphite  of  soda  (\%), 
g-um  arabic,  etc.  ; he  believes  that  the  mellituria  is  only  produced  by  mechanical  means  : 
through  the  disordered  circulation  the  glycogen  of  the  liver  is  brought  into  contact 
with  the  blood,  and  is  changed  by  it  into  sugar.  Compare  with  this  KClz  (Beitr.  z. 
Hydrurie  u.  MeUiturie,  Marburg,  1872). 

(d ) According  to  the  pancreatic  theory,  the  emulsioning  and  decomposition  of  the 
fats  into  fatty  acids  and  glycerin  cease  in  the  different  diseases  of  the  pancreas  (con- 
cretions within  the  duct,  fatty  degeneration,  abscesses),  so  that  the  decomposed  fat 
is  prevented  from  entering  the  liver  and  there  being  used  for  the  production  of  bile. 
In  consequence  thereof,  the  glycogen  of  the  liver  is  changed  into  sugar,  which  is  only 
partly  consumed,  the  other  part  appearing  in  the  urine.  Cases  of  diabetes  and  pan- 
creas diseases  are  related  by  Bright,  Fuekiciis,  Bouchardat,  Meckel,  Skoda, 
Recklinghausen,  KCiine  and  others.  Also  consult  Popper,  Oextr.  Ztxchr.  f.  prnct. 
IleiUc.,  18(58,  No.  11.  This  theory  is  merely  hypothetical,  and  is  founded  upon  no 
facts  whatever,  excepting  the  above-mentioned  clinical  observations. 

The  three  last-mentioned  theories  only  try  to  explain  the  formation  of  sugar,  which 
according  to  the  first- mentioned  theory  is  only  an  incidental  phenomenon,  and  fail  to 
discuss  all  other  symptoms. 

II.  (a)  The  cerebral  theory  of  diabetes  is  founded  first  upon  the  well-known  experi- 
ments by  Bernard,  according  to  which  temporary  diabetes  (lasting  several  hours) 
can  be  produced  in  animals  by  a puncture  of  the  floor  of  the  fourth  ventricle  of 
the  brain  (between  the  origin  of  the  nn.  vagi  et  acoustici)  ; then  upon  those 
cases  in  which  dissection  of  diabetics  showed  a change  of  this  portion  of  the 
brain  (Leudkt,  Recklinghausen,  Levrat-Perroton,  Zenker,  Seeger.  Bdtt- 
cnER,  and  others),  or  of  the  cerebral  vessels  (Richardson,  Murray,  Bischoff)  ; 
then  upon  some  mtiological  conditions,  as  when  diabetes  suddenly  occur  after 
a concussion  of  the  brain  or  of  the  whole  body  (Itzigsohn,  Plague  and 
others),  or  after  fright,  passion,  etc.  ; further  upon  the  diverse  nervous  affections 
accompanying  the  disease  (hypochondriasis,  insomnia,  pains  in  different  peri- 
pheral parts,  paralyses,  convulsions)  ; lastly,  perhaps  upon  the  cure  of  the  disease 
by  some  medicines  (opium,  quinia,  arsenic),  or  by  the  galvanic  current.  But- these 
nervous  diseases  must  not  be  attributed  to  a primary  disorder  of  the  brain.  That 
diabetes  is  not  identical  with  the  glycosuria  produced  by  puncture  of  the  fourth  ven- 
tricle, is  proven  by  the  fact  that  in  one  case  the  excretion  of  sugar  is  lasting,  in  the 
other  only  of  short  duration.  But  possibly  the  general  disturbances  of  nutrition 
can  be  ascribed  to  the  brain. 

According  to  Eckiiardt  (Beitr.  z.  Anat.  «.  8.  w.,  1871,  VI,  2.  H.),  hydruria  of 
short  duration,  combined  with  diabetes,  is  produced  by  injury  or  irritation  (mechan- 
ical or  chemical)  of  the  second  lobe  of  the  vermis  of  the  cerebellum. 

(b)  The  spinal  theory  of  diabetes  is  founded  upon  the  fact,  that  this  state  is  pro- 
duced not  only  temporarily,  but  also  permanently,  by  the  experimental  destruction 
of  the  spinal  cord  for  the  length  of  one  or  two  vertebrae  in  the  inferior  cervical  or 
superior  dorsal  region;  as  also  because  diabetes  has  been  detected  in  man  after  frac- 
ture of  the  cervical  portion  of  the  spine. 

(c)  Diabetes  has  also  been  attributed  to  the  nerms  qilanchnicus  : after  its  section, 
GrafE,  Hensen,  Eckiiardt  and  others  noticed  the  occurrence  of  the  disease.  In 
nearly  all  of  these  cases  congestive  hyperaemia  of  the  liver,  according  to  Sciiief 
paralysis  of  extensive  portions  of  the  vaso-motor  nerves,  forms  the  connecting  link. 
It  is  stated  that  in  the  blood  of  these  paralyzed  vessels  a ferment  rapidly  originates, 
which  transforms  the  parenchyma  of  the  liver  into  sugar.  The  sugar  goes  into  the 
blood,  and,  after  its  quantity  amounts  to  about  0.5#,  into  the  urine. 

According  to  Sciiief,  diabetes  is  also  produced  by  the  collateral  hypenemia  of  the 
liver  after  ligation  of  the  vasfi  afferentia  of  both  kidneys,  also  after  section  of  the 
lumbar  spinal  cord  or  the  sciatic  nerves  (in  consequence  of  which  paralysis  of  the 
vaso-motor  nerves  of  the  posterior  extremities  arises). 

According  to  Bernard,  puncture  of  the  medulla  after  previous  division  of  the  nn. 
splanchnici  does  not  produce  diabetes,  but  section  of  these  nerves  after  puncture  does 
not  stop  the  existing  diabetes. 

According  to  Cyon  and  Aladoff  (B.  do,  Vacad.  imp.  de  Pctersb. , 1871,  VIII.,  p.  91), 
the  extirpation  of  the  last  cervical  and  the  first  dorsal  ganglion,  or  of  the  former  only, 
in  dogs,  induces  diabetes  (and  vaso-motor  paralysis  of  the  anterior  extremities).  Phis 
depends  upon  the  division  of  both  rami  vertebrates,  or  of  the  two  nerves  going  to  the 
ganyl.  ntelUlum,  which  encircle  the  subclavian  artery.  According  to  the  two  authors, 
antagonistic  sets  of  fibres  run  within  the  lateral  cords  of  the  sympathetic,  and  in  the 
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splanchnic  nerves:  some  fibres  come  from  th  e ganglion  sUOatum , and  cause  diabetes 
by  their  paralysis ; the  others  originate  deeper  within  the  spinal  cord  and  prevent  the 
occurrence  of  diabetes  by  their  paralysis.  That  this  is  in  consequence  of  paralysis  of 
the  vaso-motor  nerves,  is  proven  by  examination  of  the  liver  and  hepatic  artery. 
Diabetes  produced  by  the  authors  was  not  accompanied  by  hydruria  (.that  caused  by 
puncture  of  the  medulla  always  is). 

F.  A.  Hoffmann  (Arch.  f.  Aiuit ..  Phyt.  u.  s.  w..  1372.  p.  740)  produced  diabetes  in 
rabbits  by  subcutaneous  injection  of  nitrite  of  amyl.  ( Vide,  p.  105) 

Braun  (Lthrb.  d.  Balntother. . 1803.  p.  343)  noticed  in  four  out  of  seven  cases  of 
sciatica  f-2-£V  of  sugar  in  the  urine.  SciUFF  noticed  diabetes  after  compression  or 
ligation  of  the  main  vessels  of  the  extremities. 

The  symptoms  of  diabetes  are  explained  partly  by  the  presence  of 
abnormally  large  amounts  of  sugar  in  the  mine  (thirst,  polyuria,  etc.),  and 
by  the  saturation  of  the  tissues  with  fluids  containing  sugar  (muscular 
weakness,  skin-diseases,  etc.),  partly  by  the  fact  that  the  consumption  of 
matter  in  the  body  of  the  diabetic  is  considerably  larger  than  in  that  of  a 
healthy  person,  and  that  a large  amount  of  nutritious  material  is  excreted 
with  the  urine. 

Usually  there  is  very  great  ap]>etite  : in  severe  cases  the  diabetic  eats  two 
or  three  times  as  much  as  a healthy  person  could  digest ; at  the  same  time 
he  is  constantly  hungry  and  continues  to  emaciate.  More  remarkable  still 
is  the  great  thirst  of  the  diabetic,  especially  after  eating  and  at  night.  It 
is  in  consequence  of  the  accumulation  of  the  products  of  nutrition  within 
the  body  (sugar,  urea,  etc.).  (Occasionally  there  is  not  actual  thirst,  but 
only  a sensation  of  uncomfortable  dryness  in  the  mouth.)  The  urine  is 
consequently  abundant  (3— fi,  even  10  kil.  a day),  and  its  quantity  is 
always  greater  than  the  quantity  of  the  water  imbibed  (either  in  conse- 
quence of  the  water  taken  in  the  food,  or  the  production  of  water  in  the 
organism).  The  quantity  of  sugar  amounts  on  the  average  to  3 -b$  (250 
grin,  daily)  even  to  10^  (.5  kil.  daily).  It  is  least  before  breakfast,  most 
abundant  after  meals;  the  amount  is  greater,  according  to  the  starchy 
or  sugary  food  taken,  it  is  least  with  pure  meat  diet.  But  in  the  higher 
grades  of  the  disease  it  is  neither  absent  with  a meat  diet,  nor  if  the 
patient  be  starved  : it  must  therefore  lx*  produced  from  albumen  (or  fat). 
The  quantity  of  urea  is  relatively  smaller  on  account  of  the  increased  secre- 
tion of  urine,  but  absolutely  increased  (two  to  three  times  greater  than  the 
normal),  consequent  upon  the  abundant  nitrogenous  food  eaten.  The  uric 
acid  is  usually  relatively  increased. 

All  of  the  general  ashy  residue  of  the  urine  is  excreted  in  absolutely 
larger,  but  also  in  relatively  smaller  amount. 


That  normal  urine  contains  no  sugar,  see  Sef.GEN  (,4rr/t.  /.  d.  get.  Phyt.,  1872,  V., 
p.  359),  (remut  BkCckk,  B.  Jones.  KChne,  and  others). 

In  regard  to  the  excretion  of  uric  acid  in  a case  of  diabetes,  see  K(;lz  (Arch.  f. 
Anat.,  Pity*,  u.  tcisx.  Med 1872,  p.  293). 

By  what  is  above  mentioned,  the  other  characteristics  of  the  urine  are 
explained : it  is  usually  pale,  rarely  dark,  often  cloudy,  slightly  foamy,  of  a 
weak  acid  reaction,  of  a musty  odor,  of  a sweetish  taste,  somewhat  sticky. 
Its  specific  gravity  varies  from  1025  to  1040  (it  rarely  varies  more).  In 
the  later  stages  the  urine  is  usually  albuminous. 

The  amount  of  sugar  in  the  urine  is  no  criterion  of  the  state  of  the  disease  : for  the 
quantity  of  sugar  is  usually  due  in  great  part  to  the  carbo-hydrates  of  the  food ; the 
body  (the  decomposed  organ -albumen)  produces  but  a small  amount.  The  fat  pro- 
duced from  the  albumen  seems  to  be  further  transformed  in  the  diabetic  into  sugar, 
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while  the  fat,  existing  as  such,  is  always  decomposed  into  carbonic  acid  and  water 
(Pkttenkofkr  and  Voit). 

I lesides  the  urine,  most  of  the  other  se-  and  excretions  contain  sugar, 
occasionally  perhaps  alternatingly  with  the  urine:  it  is  present  in  the  usually 
relatively  spare,  dry,  more  rarely  diarrhceal  farces ; the  saliva;  the  occasion- 
ally profuse  perspiration. 

The  diabetic  does  not  absorb,  notwithstanding  the  increased  transforma- 
tion of  matter,  more  oxygen  than  a healthy  person.  In  consequence  of  this 
relatively  small  absorption  of  oxygen  by  the  diabetic,  the  excretion  of  car- 
bonic acid  by  the  skin  and  lungs  is  not  only  not  in  proportion  to  the  total 
nutrition,  but  less  than  a healthy  person  would  excrete  with  an  equally 
large  amount  of  nourishment,  because  a smaller  or  larger  portion  of  com- 
bustible matter  (sugar)  is  excreted  unchanged.  Hydrogen  gas  and  marsh 
gas  have  rarely  been  found  in  the  products  of  respiration.  Just  like  a larger 
proportion  of  the  total  carbon  which  takes  part  in  tlx;  process  of  nutrition, 
so  more  water  passes  olF  by  the  urine  and  correspondingly  less  by  the  skin 
and  lungs:  in  larger  quantity  by  the  urine,  because  it  is  carried  along  by 
the  products  of  decomposition  as  their  dissolving  menstruum.  The  excre- 
tion of  nitrogen  in  the  diabetic  is  in  severe  cases  greater  than  the  quantity 
of  nitrogen  contained  in  the  food : the  diabetic  therefore  loses  organ- 
albumen. 

Therefore  the  diabetic,  notwithstanding  the  abundant  imbibition  of  nour- 
ishment, finally  can  no  longer  sustain  his  organs  in  a normal  state  of  nutri- 
tion : emaciation  and  a series  of  marasmic  conditions  set  in,  which  ultimately 
produce  death.  Most  of  them  are  similar  to  those  of  inanition  (see  p.  527). 
The  following  symptoms  arise  in  some  cases,  some  of  which,  just  like  the 
increased  amount  of  urine,  the  sugar  in  the  urine,  the  intense  appetite  and 
thirst,  first  direct  the  attention  to  the  diagnosis  of  the  disease. 

The  emaciation  involves  the  tissues  and  organs  in  a mode  similar  to  that 
of  inanition ; the  skin  becomes  thinner,  its  epithelium  is  reproduced  in  a 
decreased  measure ; its  glands  are  less  active ; the  skin  of  the  diabetic  is 
usually  dry,  cracked,  generally  not  perspiring;  the  latter  certainly  in  con- 
sequence of  the  abundant  loss  of  water  through  the  kidneys.  (Occasionally 
the  exhalation  from  the  skin  has  a disagreeable  odor.)  In  some  cases  pru- 
ritis  exists.  The  loss  of  hair  must  also  be  mentioned  here. 

The  insensible  perspiration  is  very  much  diminished  (to  about  half)  in  diabetes  m el- 
lit  us  and  insipidus.  BOrgeh  (I).  Arch.  f.  klin.  Med .,  1873,  XI.,  p.  823;. 

The  adipose  tissue  disappears  from  the  external  and  internal  parts  of  the 
body  : the  diabetics  attain  an  equally  excessive  degree  of  emaciation  as  the 
subjects  of  starvation,  even  while  they  partake  so  largely  of  nourishment. 
This  is  most  noticeable  if  the  disease  occut  in  a very  stout  person. 

The  entire  muscular  system  undergoes  atrophy : the  emaciation  of  the 
muscles  explains  the  ready  fatigue  and  debility  of  the  diabetic.  The  pulse 
is  usually  small,  though  of  normal  frequency. 

The  diminished  muscular  strength  may  he  due  either  to  the  fact  that  in  consequence 
of  an  increased  excretion  of  sugar  and  a diminished  absorption  of  oxygen  the  main 
source  of  muscular  activity  is  lost ; or  ( ? ) that  the  products  of  decomposition  in  the 
blood  of  a diabetic  decrease  the  muscular  excitability  (as,  according  to  IIaxke,  lactic 
acid). 

Emaciation  of  the  heart,  atrophy  of  the  muscles  of  the  stomach  and  intes- 


SYMPTOMS  OF  DIABETES. 


5S3 


tines,  etc.,  increase  the  tendency  to  the  occurrence  of  disordered  nutri- 
tion. 

Atrophy  of  the  glandular  organs  of  the  month  and  throat,  of  the  stomach 
and  intestine,  the  salivary  glands  and  those  of  the  pancreas,  occasionally 
also  of  the  liver,  all  of  which  are  sometimes  present  simultaneously  and  to 
the  same  extent,  sometimes  only  in  the  last-named  organs,  also  influence  the 
diminished  nutrition  and  tissue-formation,  notwithstanding  the  abundant 
nourishment.  Atrophy  of  the  genital  organs  occasions  in  men  impotence, 
in  women  at  least  partial  amenorrhoea  and  sterility.  But  impotence  and 
sterility  are  also  often  present  in  still  vigorous  diabetics. 

Similar  atrophy  occurs  in  the  bones  and  teeth.  The  latter  become  loos- 
ened and  frequently  carious,  certainly  usually  with  an  acid,  although  occa- 
sionally with  an  alkaline  reaction  of  the  saliva. 

The  central  nervous  system  only  becomes  atrophied  at  a later  period  and 
in  a less  characteristic  degree.  But  especially  the  sense  of  sight  shows 
quite  frequently  disorders  which  can  for  the  greater  part  be  attributed  to 
its  atrophy  or  to  the  atrophy  of  some  of  its  parts  : disorders  of  the  accom- 
modation without  demonstrable  changes  in  the  affected  parts,  atrophy  of 
the  retina;  but  especially  production  of  cataract. 

The  temperature  of  the  body  is  occasionally  normal,  occasionally  dimin- 
ished, naturally  increased  if  any  inflammatory  complications  exist. 

The  organs  of  digestion  show  no  characteristic  abnormality  : the  not  rarely  occur- 
ring disorders  of  the  tongue,  stomach,  and  intestines  are  all  explained  by  the  largo 
quantity  of  food  taken.  In  proportion  to  this  the  digestive  power  is  quite  good. 

The  permanently  impaired  nutritive  condition  of  diabetics  explains,  at 
least  partly,  their  great  vulnerability,  their  tendency  to  inflammations  ter- 
minating in  suppuration  and  not  rarely  in  gangrene,  and  the  frequent  occur- 
rence of  so-called  tuberculosis. 

The  ready  vulnerability  of  diabetics  is  especially  noticeable  by  the  skin  : 
wounds  of  all  kinds,  from  operations,  from  venesection,  also  of  the  eyes 
(from  cataract  operations)  heal  with  difficulty,  rarely  by  first  intention, 
usually  with  suppuration,  or  even  gangrene  sets  in ; at  the  orifice  of  the 
urethra  balanitis  frequently  occur,  favored  by  the  decomposition  of  stagnant 
urine,  in  women  superficial  inflammations  of  the  vulva;  occasionally  for 
months  furuncles  and  carbuncles  form,  or  more  extensive  cellular  tissue 
inflammations  with  tendency  to  gangrene  ; even  gaugrene  of  the  toes  similar 
to  (fan grain  senilis. 

Of  the  inflammations  of  the  mucous  membranes  those  of  the  oral  cavity, 
frequently  of  a scorbutic  character,  and  of  the  air-passages  with  consecutive 
lobular,  frequently  tuberculous  pneumonias,  are  esjieeially  deserving  of  ob- 
servation. The  greater  number  of  diabetics,  especially  of  the  lower  classes, 
die  of  so-called  pulmonary  tuberculosis ; more  rarely  from  gangrene  of  the 
lungs. 


bfcEQKN  describes  several  peculiarities  of  tho  tongue  of  diabetics,  whose  cause  is 
unknown. 

'1  he  kidneys  present,  besides  hypenemia  and  perhaps  hypertrophy,  which 
are  tin*  consequences  of  their  increased  function,  frequently  the  characteris- 
tics of  morbus  lirightii. 

1 lie  invasion  of  diabetes  is  usually  gradual,  rarely  rapid  or  sudden. 

The  ih- ration  of  diabetes  is  on  the  average  from  one  to  three  years,  rarely 
less,  occasionally  five  to  ten,  even  fifteen  to  twenty-five  years.  Whether 
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COURSE,  AND  CAUSES  OF  DIABETES. 


Hi  oho  oases  of  quite  acuto  diabetes,  of  a few  days’  or  weeks’  duration  with 
termination  in  health,  are  identical  with  the  usual  form,  is  questionable. 
The  latter  has  been  observed  during  some  cerebral  and  hepatic  diseases,  in 
carbonic  oxide  poisoning,  in  poisoning  by  curare,  corrosive  sublimate,  after 
inhalation  of  ether  and  chloroform,  etc.,  in  extensive  burning,  after  varnish- 
ing the  skin. 

Many  observations  of  glycosuria  of  this  kind  date  from  a time  when  grave  errors 
were  liable  to  be  made  in  regard  to  the  detection  of  sugar  in  the  urine;  in  many  such 
cases  the  urine  probably  contained  no  sugar  whatever. 

Its  course  is  in  the  main  quite  regular,  excepting  when  great  changes  are 
made  in  the  diet,  or  if  intercumng  acute  affections  arise.  Rarely  it  is  irre- 
gularly intermittent.  Many  patients  are  by  absolute  abstinence  of  amyla- 
ceous food  in  perfect  subjective  health;  in  some  even  the  glycosuria  disap- 
pears during  this  time. 

Some  make  a distinction  of  two  stages  of  the  disease,  which  Seeoen  believes  to  be 
two  different  forms.  The  patients  with  the  first  form  only  excrete  sugar  with  the 
urine  when  they  partake  of  saccharine  or  amylaceous  food ; if  not,  all  excretion  of 
sugar  and  every  symptom  of  diabetes  disappears.  The  patients  afflicted  with  the 
second  form  of  the  disease  also  excrete  sugar,  even  if  they  have  an  exclusive  meat 
diet ; ingestion  of  nutriment  containing  sugar,  etc. , increases  in  them  the  excretion 
of  sugar  and  the  symptoms  of  diabetes.  The  course  of  the  disease  in  patients  of  the 
latter  class  is  more  rapid,  especially  if  the  patients  are  young,  if  they  have  not  a suf- 
ficient meat-diet,  and  if  the  disease  is  hereditary. 

The  termination  of  chronic  diabetes  in  health  is  extremely  rare.  Usually 
death  occurs:  most  frequently  from  chronic  phthisis  of  the  lungs  alone  or 
simultaneously  with  other  organs,  more  rarely  from  simple  marasmus,  albu- 
minuria, carbuncle,  etc. ; by  suicide. 

The  .etiology  of  diabetes  is  in  the  main  still  unsettled.  It  appears  most 
frequently  in  the  bloom  of  life,  more  frequently  in  male  subjects,  propor- 
tionately frequently  in  obesity.  Not  a few  of  the  cases  are  hereditary: 
injuries  {vide  supra),  colds,  malarial  poisoning,  continuous  excessive  exer- 
tions, depression  of  the  mind,  habitual  use  of  amylaceous  or  sacchariue 
substances,  cakes,  etc.  (i.e.,  bad  nourishment),  working  in  sugar  refine- 
ries (?),  previous  severe  diseases.  In  most  cases  a particular  cause  cannot 
be  found. 

In  regard  to  diabetes  mellitus  in  children,  see  Senator  (Bed.  klin.  Wschr .,  1872, 
No.  48). 

Seeoen  accepts  still  another  form  of  diabetes  (?),  which  occurs  in  consequence  of 
sexual  excesses,  especially  of  onanism.  The  urine  usually  only  contains  several 
tenths  per  cent,  of  sugar.  Polyuria  is  absent,  but  there  exists  a frequeut  desire  for 
micturition. 

Diabetes  usually  of  no  importance  and  of  short  duration,  occurs,  according  to  some, 
in  the  defervescence  of  diverse  febrile  diseases  (measles,  pneumonia,  etc.). 

Pathological  anatomy  has  not  yet  demonstrated  a constant  state  of  the 
body  in  diabetes.  Usually  emaciation  is  excessive ; in  a large  majority  of 
the  cases  tuberculosis  of  the  lungs  is  found,  usually  in  the  form  of  tuber- 
culous pneumonia;  the  liver  is  usually  hypersemic  ; usually  chronic  catarrh 
of  the  stomach  exists;  frequently  hypersemia,  hypertrophy,  and  parenchy- 
matous inflammation  of  the  kidneys;  rarely  atrophy  of  the  pancreas. 

(Consult  W.  H.  Dickinson,  On  Certain  Morbid  Changes  in  the  Nervous  System, 
associated  with  Diabetes.  Med.-Chir.  Brans.,  LIII.,  p.  233,  1870.  ED.j 
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DIABETES  INSIPIDUS,  POLYURIA. 


R.  Willis,  Die.  of  the  Urin.  Syst.— Necffkr,  Ueb.  Diab.  ins.,  1856.— Leyden, 
B<  rl.  Min.  Wtehr.,  1865,  No.  37.—  Strauss,  Die  einf.  Zuckerlose  Harnruhr , 1870.— 
Ebstein,  D.  ArcJi.f.  Min.  M(d.,  1873,  XI.,  p.  344. — Tbousseau,  Clin.  Mid.,  II.,  p. 
ODD,  1865. 

Diabetes  insipidus  is  an  occasionally  acute,  usually  chronic  disease,  in 
which,  just  as  in  diabetes  mellitus,  there  is  an  abundant  excretion  (live  to 
fifteen  kil.  in  twenty-four  hours)  of  urine,  not  containing  sugar,  but  con- 
taining a large  amount  of  solid  ingredients  (specific  gravity  1004-1012). 

If  the  disease  lie  acute,  as  in  convalescence  from  divers  acute  disorders, 
or  in  consequence  of  a spontaneous  strong  diuresis,  or  one  produced  by 
medication,  or  if  it  is  only  of  occasional  recurrence,  as  in  somo  cases  of 
hysteria,  etc.,  it  is  of  no  great  general  importance,  and  is  almost  always 
curable. 

If  the  disease,  on  the  contrary,  be  chronic,  the  same  symptoms  as  in  dia- 
betes mellitus  are  present:  excessive  thirst,  emaciation,  debility,  pains  in 
the  head  and  limbs,  dyspeptic  phenomena,  obstinate  constipation.  In  some 
cases  there  are  also  psychopathy,  epilejwy,  etc.  A cure  is  rare.  Death 
usually  only  occurs  from  intercurrent  diseases. 

The  disease  occasionally  arises  suddeuly,  sometimes  gradually  ; most  fre- 
quently it  attacks  young  people. 

The  affection  causing  simple  chronic  polyuria  is  most  probably  located  in 
the  brain:  in  favor  of  this  is  the  physiological  experiment  of  injuring  a 
certain  point  in  the  floor  of  the  fourth  ventricle,  in  consequence  of  which 
an  increased  secretion  of  urine,  lasting  several  days,  occurs ; and  also  clini- 
cal observation.  In  several  lately  reported  cases  polyuria  hail  occurred  in 
consequence  of  violent  encephalopathies,  due  to  constitutional  syphilis,  and 
disappeared  under  appropriate  treatment.  In  other  cases  dissection  proved 
different  disorders  of  the  brain,  more  particularly  the  medulla  oblongata. 

The  cases  in  question  are  cited  by  Jakscii,  Luys  and  DCMOKTP  ALLIES,  the 
Author,  Leyden,  Moslkr,  Fernet,  Gentii.iiomme,  Lam  kheaux,  Pribram, 
Ebstein. 

The  mode  of  origin  of  diabeUn  insipidus  is  not  known.  According  to  Pettenko- 
KK.u  and  5 oit,  albumen  and  fat  are  perhaps  decomposed  in  large  quantities,  just  as 
in  mellituria,  and  not  enough  is  introduced  into  the  body  to  make  good  the  loss,  but 
everything  is  consumed  to  carbonic  acid  and  water : if  that  were  true,  d.  insipidus 
would  only  differ  from  d.  mellitus  by  the  absence  of  sugar  in  the  urine. 

According  to  Pribram  {Drag.  Yj*chr.,  1871,  IV.,  p.  1).  the  increased  excretion  of 
urea  in  diabetes  insipidus  is  secondary.  Under  certain  circumstances  the  polydipsia 
is  primary. 

DIABETES  IN081TUS. 

1 his  is  that  form  of  diabetes  mellitus  in  which  inosite,  a non- fermentable 
sugar  contained  in  the  muscles,  takes  the  place  entirely,  or  at  least  prepon- 
de  rati  ugly,  of  the  grape  sugar.  Minute  quantities  of  inosite  have  been 
found  frequently  in  the  urine  in  diabetes  as  well  as  in  other  diseases  (albu- 
min uria,  etc.). 

Youl,  Arch.  / j,hys.  IDiUc.,  1858,  p.  410. 

XV.  PYASMIA  (sEPTICO-PY.EMIA). 

(Pus-poisoning.  Purulent  fermentation  of  the  blood.  Metastatic  dys- 
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PYAEMIA  AND  SEPTICAEMIA. 


crasia.  Purulent  diathesis. — Septicaemia.  Ichorrhasmia.  Putrid  infec- 
tion.) 

J.  Hunt  eh,  Transact  of  the  Soc.  for  the  Impr.  of  Med.  and  Chir.  Knowl. , 1793.  V. 

1 ■ — Gaspahd.  Jour n.  de  phys.  par  Magendie,  1822,  II.,  p.  1 ; 1824,  IV.,  p.  1. — Ma- 
oendie.  J» urn.  di  phys. , III.,  p.  81  ; ff  union  med.,  Jan..  Oct.,  1852. — Cruvkilhier, 
dire,  mid.,  182li ; Diet,  de  med.  et  de  chir.  prat.,  art.  Phlebite. — Baylk,  Mem.  sur  la 
Jv.rre  pair,  et  gang  rineuse,  lice,  mid.,  1820,  II.,  p.  89. — Dance,  Arch.  yin.  denied., 
1828,  p.  473;  1829,  pp.  5 and  101. — Aunott,  Med. -Chir.  Transact.,  TV.;  Path. 
I nter*,  d.  secund.  Wirk.  d.  Vcnenentz,  Uebers.,  1830. — Tessikr,  Iter,  de  med.  voter, 
prat.,  1839;  Arch,  de  med.,  t.  III. — D’Arcet,  Rich.  sur  les  abscis  multiples  et  sin 
les  accidents,  qu'amene  la  presence  da  pus  dans  le  cyst,  vase.,  1842. — Bf.rahd,  Diet,  de 
med.,  1842.,  XXVII. — Leheiit,  Phys.  path.,  1845.  — Castelnau  et  Ducrkkt,  Mem. 
deVacad.,  1840.  XII.— Virchow,  Med.  Reform..  1848,  No.  15  ; Ges.  Ahh.,  1850,  p.  219, 
p.  036.  etc. — Skdillot,  De  IJnfectionjmruhnteou  pyoemie,  1849.— Simpson,  Kdinb. 
Monthly  Journ.,  Nov.,  1850. — Beck,  Unters.  a.  Stud,  irn  Qeb.  d.  Anat.,  etc.,  1852. — 
Maisonnkuve,  Mem.  de  la  soc.  ele  chir.,  1853;  Compt.-rend.,  1800,  LXIII. — Stick, 
Ann.  d.  Chnr.-Krank.,  1853,  III.,  p.  192. — Thiersch,  Inf ectio never**,  an  Thieren 
etc.,  1854. — Gossklin,  Mem.  de  In  soc.  de  chir.,  1855,  V.,  p.  147. — Panum,  Iiibl.  far 
Larger.,  1850,  VIII.,  p.  253;  Schmidt's  Jahrb. , 1859;  Virch.  Arch.,  XXV.,  p.  441. — 
li<  )skk.  Arch,  de  ll<  it/,-. , 1800. 1. , p.  39  et  see/.  — Wvss,  Reob.  ah.  Sept  i kit  mie,  Zurich  Dies. , 
1802.— Billroth,  Arch.  f.  klin.  Chir.,  1802,  II.,  p.  325 ; 1804.  VI.,  p.  382  ; 1805,  VI., 
p.  372;  1807,  IX.,  p.  52.— KiitKEfl,  Brit.  Med.  Journ.,  1803.  No.  149. — O.  Weber, 
Deutsche  Klin.,  1803,  No.  48  ff.;  1864,  No.  1 ; 1804,  No.  48;  1805,  No.  2.— Wagner, 
Arch.  el.  lb Uk. , 1805,  VI.,  p.  140,  p.  309.  p.  481. — Schweninger,  Ueb.  d.  Wirk. 
foul.  Subst.,  etc..  1800. — Iksimkr,  K.rper.  Stud.  ub.  d.  Wirk.  faul.  Staff’s,  etc.,  18G0. — 
Waedhyek,  Virch.  Arch.,  1807,  XL.,  p.  379. — Schmitz,  £ur  Lehre  tom  putriden 
Gift.,  Dorp.  Dins.,  1807. — Lister,  Urit.  Met.  Journ.,  1807,  No.  351.—  Bkhumann, 
Petersb.  med.  Ztschr.,  1808.  XV..  p.  10.—  Hueter,  In  Pitha- BiUroth's  lfdb.  el.  Chir., 
I.,  2.  Abth.,  p.  1,  1869. — Fischer,  Ueb.  d.  Kent.  Stand  d.  borsch,  in  d.  Pydmielehrc , 
1809. — The  latest  literature  is  indicated  infra. 

The  literature  on  puerperal  fever  is  very  voluminous.  Those  who  described  it  first 
werol’EU,  Vesou,  Willis  (1082).  who  introduced  the  name  of  ‘ 'febris  puerperarum." 
DE  LA  Motte  and  M A LOGIN  (1740).  Its  essential  nature  was  insisted  upon  particu- 
larly by  Kiwiscn  and  Litzmann.  The  greatest  credit  for  the  demonstration  of  the 
contagiousness  of  this  disease  is  due  to  Semmelweihs  (Die  JEtioL,  dcr  Beg  riff.  u.  (lie 
Prophyl.  des  Kindbettfrs. , 1801).  Also  see  Veit  ( Krankh . d.  weibl.  Gesc/dechtsorgg. , 
In  Virch.  Handb.  d.  spec.  Path.  u.  Thcr.,  1807). 

Pyemia,  Septico-pyemia,  is  usually  an  acute  disease,  starting  in  a puru- 
lent or  ichorous  focus  situated  on  the  external  surface  of,  or  within  the 
botly,  caused  by  the  absorption  of  mechanically  or  chemically  noxious,  so- 
called  septic  or  putrid  substances,  which  originate  in  that  focus  and  in  its 
vicinity,  and  which  is  characterized  by  symptoms  of  a severe  febrile  consti- 
tutional disorder,  usually  with  prominent  nervous  symptoms,  frequently  by 
simultaneous  venous  thrombosis  with  emboli,  by  chills  and  by  so-called 
metastatic  abscesses  in  diverse  organs,  especially  the  lungs,  with  inflamma- 
tion of  their  serous  membranes. 

The  usual  cases  of  surgical  pyaemia  and  of  puerperal  fever  are  composed 
of  mechanical  or  chemical  processes.  They  consist  of  embolic  inflamma- 
tions, which  have  their  starting-point  usually  in  the  veins  of  the  injured 
part  (so-called  embolic  pyaemia),  and  of  a constitutional  disorder,  which  is 
the  consequence  of  the  absorption  of  noxious  fluid  or  gaseous,  or,  according 
to  later  examinations,  vegetable  substances  (globular  bacteria),  formed  at 
the  wound  or  propagating  there  (so-called  septicaemia,  septic  pyamiia).  Clin- 
ically the  two  processes  cannot  always  be  separated : frequently  the  coarse 
emboli  are  at  the  same  time  impregnated  with  the  noxious  substance,  so 
that  the  mechanical  and  chemical  injurious  effects  appear  simultaneously  at 
the  place  of  deposition  of  the  emboli.  But,  as  cases  of  septicaemia  also 
occur  by  themselves,  without  thrombosis  and  without  consecutive  embolic 
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inflammation ; while,  on  the  other  hand,  thrombi  and  emboli,  acting  merely 
mechanically,  never  produce  pyaemia,  we  must  place  septicaemia  in  the  fore- 
ground, and  make  it  the  basis  of  observation. 

The  difference  between  septic  and  embolic  pyaemia  was  first  distinctly  defined  by 
Gaspard,  and  in  Germany  by  Virchow. 


I.  Septicemia  or  ichorkh.emia. 

(Septic  or  septicemic  or  ichorraemic  pyrnmia.  Traumatic  sepsis.  Putrid  infec- 
tion.) 

The  causes  of  septicaemia  are  extensive  and  severe  (causing  gangrene) 
contusions  of  soft  parts  and  of  boues,  usually  with,  more  rarely  without 
injuries  of  the  skin  ; injuries  and  nun-traumatic  affections  of  every  kind,  in 
the  course  of  which  decompositions  of  the  extravasated  blood,  of  stagnant 
pus,  of  gangrenous  tissues  occur  (diverse  affections  of  the  bones,  especially 
acute  periostitis  and  osteo-myelitis,  skull  injuries,  puerperal  diseases,  so- 
called  cold  or  lymphatic  abscesses,  in  which  the  disease  appears  usually 
only  secondarily,  after  spontaneous  and  particularly  after  artificial  opening). 
Probably  also  some  forms  of  gangrene  partly  belong  here  (bed-sores,  scorbu 
tic  gangrene,  gangrene  from  fecal  and  urinary  infiltration),  as  also  poison 
iug  from  dissection- wounds,  so-called  pseudo-erysipelas  of  the  subcutaneous, 
intermuscular,  etc.,  tissues,  some  inflammations  of  the  cellular  tissue  and  in 
the  neighborhood  of  the  salivary  glands,  and  the  severe  so-called  diphtheritic 
inflammations  of  the  throat  and  the  large  intestines. 

Some  also  include  in  this  class  common  traumatic  fever,  inasmuch  as  in  every 
wound,  which  does  not  heal  by  first  intention,  some  of  the  tissues  die ; also  the  so- 
called  surgical  after-fever,  which  occurs  later  than  traumatic  fever  and  which  usually 
is  the  consequence  of  retained  pus, as  also  of  slight  inflammation  of  the  subcutaneous 
and  intermuscular  tissue ; lastly,  the  so-called  milk- fever  after  confinement  (HaE- 
BERTSMA,  MM.  CtrlbL,  1870,  No.  25).  Perhaps  also  the  so-called  secondary  or  purulent 
fever  in  the  stage  of  suppuration  or  maturation  of  small-pox  belongs  here.  But  it  is 
at  present  hardly  justifiable  to  enumerate  with  the  above  several  other  acute  non- 
surgical  diseases,  which  are  characterized  particularly  by  their  unknown  origin,  their 
rapid  course  accompanied  by  serious  fever  aud  nervous  symptoms,  their  not  infre- 
quent termination  in  death,  and  by  the  insufficient  facts  discovered  in  mortem 
examinations  (the  various  typhoid  conditions,  yellow  fever,  scarlatina,  etc.). 

Several  diseases,  which  arise  in  consequence  of  partaking  of  decomposing  food  and 
drink,  and  respiring  the  air  of  illy- ventilated  dead-houses  aud  hospitals  (so-called 
hospital  catarrh  of  the  stomach  and  intestines),  partly  belong  here. 

According  to  the  position  of  the  centre  of  the  septic  poison  within  or  without  the 
tody  of  the  patient,  Hcteter  makes  a distinction  of  autochthonous  and  heteroch- 
ttionous  septicaemia. 

Many  make  a distinction  between  septicemia  and  ichorriuetma.  The 
decomposition  is  said  to  originate  spontaneously  in  the  latter,  arid  in  conse- 
quence ol  an  extraneous  agent  iu  the  former. 

Septiommia  ("putrid  infection)  originates  through  putrefying  and  decaying  sub- 
stances, which  get  (accidentally  or — in  experiments — purposely)  into  the  blood  ; 
ichorrhasmia  (ichorrhsjinlc  infection)  is  produced  by  a substance  not  at  present 
more  closely  definable  (Virchow's  ichor),  which  is  formed  within  the  hotly  in 
some  diffused  purulent  discharges  without  any  actual  gangrene.  Anatomically  and 
clinically  septiciemia  and  ichorrhasmia  are  inseparable.  But  it  must  not  to  under- 
stood that  this  proves  the  identity  of  both  processes,  nor  that  the  one  or  the  other  is 
a strictly  scientific  conception.  Both  are  only  generic  terms  for  probably  very  differ- 
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ent  conditions,  whose  chemical  character  is  still  very  little  known  to  us,  but  which 
display  to  our  present  knowledge  certain  pathologico-anatomical  and  especially  clinical 
analogies. 

The  pathological  anatomy  of  septicaemia  (as  -well  according  to  experi- 
ments as  to  observations  in  man)  is  not  very  characteristic.  If  the  origin  of 
the  disease  is  of  a traumatic  nature,  non-circumscribed,  but  diffused,  bloody 
or  ichorous  infiltrations,  varying  in  extent  and  depth,  appear.  But  almost 
constantly  present  are  only  incomplete  coagulation,  and  diminished  con- 
sistency of  the  blood,  usually  acute  enlargement  and  softening  of  the  spleen ; 
occasionally  (in  animals  almost  constantly)  acuto  intestinal  catarrh  with 
enlargement  of  the  intestinal  follicles  and  mesenteric  glands,  often  slight 
haemorrhages  of  the  serous  and  mucous  membranes,  occasionally  enlarge- 
ment of  the  liver  and  kidneys.  The  brain,  etc.,  show  no  characteristic  con- 
ditions. Nowhere  are  there  any  metastatic  abscesses.  The  corpse  putre- 
fies very  rapidly. 

The  symptoms  of  septicaemia  appear  usually  2-4  days  after  the  injury,  in 
non-surgical  cases  at  an  uncertain  period  after  the  commencement  of  the 
disease.  The  wound  often  does  not  at  all  suppurate,  but  discharges  a thin 
bloody  or  ichorous  secretion,  occasionally  containing  air-bubbles;  in  its 
vicinity,  occasionally  very  extensive,  inflammatory  oedema  develops  within  a 
few  hours  or  days;  so-called  gangrene  foudroyante , acute  purulent  oedema, 
progressive  gangrene  of  the  cellular  tissue.  The  skin  is  of  a peculiar  red- 
dish-brown color.  The  actual  constitutional  disease  mostly  begins  quickly, 
usually  without,  more  rarely  with  chills.  Rarely  the  disease  is  unat- 
tended by  fever.  Nearly  always  severe,  continuous  or  light  remittent  fever 
(temp.  3(J°-40°  C.)  exists,  occasionally  after  a previous  fall  of  temperature. 
The  pulse  is  frequent,  commonly  small  ; the  respirations  are  increased. 
Almost  always  intense  thirst,  dry  tongue,  and  want  of  appetite  exist.  The 
sensorium  is  influenced,  as  in  serious  typhoid  cases,  so  that  existing,  at 
other  times  painful  affections  are  painless.  Usually  quiet  delirium,  more 
rarely  restlessness,  is  present.  Occasionally,  slight  icterus,  mostly  without 
icteric  condition  of  the  ui’ine,  occurs.  Rarely,  abundant  diarrhcea  sets  in, 
occasionally  with  all  the  symptoms  of  cholera.  The  skin  at  first  frequently 
perspires  abundantly,  later  it  is  usually  dry  ; the  urine  is  scanty,  dark, 
occasionally  albuminous.  All  movements  are  feeble.  Death  occurs,  fre- 
quently with  agony  of  long  duration,  sometimes  after  a few  days,  usually  at 
the  end  of  the  first  week. 

Here  perhaps  belong  also  many  cases  of  puerperal  fever,  which  terminate  fatally 
after  a course  of  a few  days  or  weeks,  mostly  soon  after  the  confinement,  even  al- 
ready previous  to  it,  which  begin  with  chills,  and  run  through  their  course  with 
nervous  symptoms,  high  fever  and  quickened  respiration.  Dissection  shows  negative 
results,  or  the  appearances  above  stated. 

In  very  rare  cases  death  occurs  after  chronic  suppuration  of  long  duration,  without 
the  occurrence  of  metastatic  foci  as  shown  by  dissection : so-called  traumatic  hectic, 
traumatic  phthisis,  pysemic  marasmus.  Many  accept  this  as  a chronic  septicamiia. 

2.  Embolic  pyaemia,  py.emia  in  its  restricted  meaning,  septico-py.emia. 

The  causes  of  embolic  pyaemia  are  most  frequently  so-called  compound 
fractures,  severe  contusions  of  the  soft  parts,  extensive  amputations  and 
resections  (more  rarely  surgical  operations  which  only  implicate  the  soft 
parts),  traumatic  and  non-traumatic  suppurating  periostitis  and  osteo-my- 
elitis,  suppurating  phlebitis,  puerperal  endometritis,  rarely  suppurations  of 
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the  internal  organs,  most  frequently  those  of  the  urinary  passages,  the  largo 
intestines,  anil  the  heart.  Pyaemia  occurs  sporadically,  as  well  as  epidemi- 
cally and  eudemically,  under  such  circumstances  even  in  relatively  light  in- 
juries, or  primary  affections.  It  causes  the  large  majority  of  fatal  cases 
after  severe  operations,  especially  amputations,  in  hospitals,  and  the  large 
mortality  in  lying-in  hospitals  in  proportion  to  that  in  private  practice.  In 
all  these  cases  there  are  either  no  demonstrable  causes ; or  they  are  noxious 
substances,  which  are  contained  in  unclean  hands,  instruments,  bandages, 
sponges,  beds,  etc. ; or  in  the  air  of  those  localities  in  question  (overcrowded 
or  badly  ventilated  sick-houses  and  lying-in  wards).  A so-called  primary 
or  spontaneous  pyaunia  is  not  demonstrated. 

Anatomically  it  is  especially  characteristic,  that  embolic  pyaemia  has  its 
source  in  a venous  thrombosis.  Consequently  it  occurs  most  frequently 
where  dense  and  extensive  venous  plexuses  exist,  e.g.,  in  the  luemorrhoidul 
and  uterine  veins,  as  also  where  the  injured  veins  cannot  reunite  for  physio- 
logical reasons  (veins  of  the  bones),  or  on  account  of  preceding  diseases 
(formation  of  cicatrices  in  the  vicinity),  or  in  consequence  of  badly-applied 
bandages,  etc. 

Thrombosis  of  veins  occurs  most  frequently  in  the  larger  or  medium- 
sized vessels,  which  run  at  the  point  of  the  primary  wound,  or  at  least  com- 
municate with  it  (so-called  traumatic,  compression,  and  inflammatory 
thromboses) ; more  rarely  in  those  which  are  not  in  direct  communication 
with  it  (e.g.y  in  injuries  of  the  extremities,  in  the  veins  of  distant  large 
muscles,  in  those  of  the  vertebral  region,  of  the  pelvis  : so-called  dilatation- 
ami  marantic-thromboses).  In  both  cases  the  production  of  venous 
thromboses  is  favored  by  weakened  activity  of  the  heart,  but  also  partly  by 
unknown  circumstances  (dyscrasia,  or  more  ready  coagulability  of  the  blood 
in  the  wounded  ?). 

Pkttt  {Q<iz.  heb(l.%  1871,  No.  31)  calls  attention  particularly  to  the  smaller  int.er- 
and  intra-m oscular  veins,  which  lie  in  the  immediate  site  of  the  oj>eratiou-wound,  or 
in  its  vicinity. 

The  thrombi  in  the  parts  in  question  do  not  organize,  hut  they  undergo 
a simple,  more  frequently  a putrescent  softening.  The  latter  is  produced 
or  at  least  favored  by  ichorous  suppuration  in  the  parts  surrounding  the 
veins  containing  the  thrombi : the  ichorous  poison  is  diffusible. 

The  thrombi  of  the  veins  in  pyaemia  are  situated  occasionally  in  un- 
changed vessel- walls,  occasionally  the  latter  are  infiltrated  with  pus  or 
ichor  in  one  or  in  all  of  their  tissues,  the  internal  as  well  as  the  external, 
the  connective  tissue  coat  (suppurating  ami  septic  phlebitis) ; primary  and 
secondary  thromboses. 

Emboli  produced  from  such  thrombi  go  from  the  right  heart  into  the  lungs  ; 
by  preference  first  into  the  jiosterior  parts  of  the  inferior  lol>es  (see  p.  201), 
where  they  can  be  demonstrated  in  almost  every  case.  They  very  rarely 
remain  impacted  in  larger,  most  frequently  in  medium-sized  and  small 
arterial  branches,  or  even  in  capillaries.  Here  they  cause  rarely  only  haem- 
orrhagic in  fare  ti,  usually  metastatic  abscesses:  the  latter,  because  they  are 
usually  in  a state  of  ichorous  decay,  and  cause  a similar  decomposition  of 
the  products  of  inflammation  in  the  coats  of  the  vessel  (pulmonary  artery) 
and  its  surrounding  parts.  In  their  vicinity  the  lung-tissue  is  hypeiuamio 
ami  (edematous,  or  hypenemic  and  haemorrhagic,  or  merely  in  a state  of 
catarrhal  inflammation.  The  number  of  these  centres  is  variable,  in  gen- 
eral so  much  the  greater  the  oftener  the  patient  has  had  chills. 
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In  a large  majority  of  cases  infarcti  and  abscesses  only  occur  in  the  lungs, 
while  in  others  they  are  also  present  in  the  spleen,  kidneys,  and  liver,  and 
still  in  other  (almost  in  all)  of  the  vascular  organs.  The  suppurating  or 
putrid  emboli,  which  are  the  causes  of  those  infarcti  and  abscesses,  get  into 
these  organs  either  after  they  have  passed  through  the  lungs  ; or  the  throm- 
bi of  the  pulmonary  artery  pass  into  the  pulmonary  veins  and  their 
thrombi  form  emboli;  rarely  the  emboli  are  carried  directly  by  means  of 
a sort  of  reversed  current  into  the  different  organs  (e.g. , those  from  the 
inferior  branches  of  the  vena  portie  into  the  veins  of  the  liver;  see  p.  201). 

In  a careful  examination  of  the  bodies  of  pyremics  thrombi  are  frequently  found, 
besides  venous  thrombi  which  are  imbedded  in  ichorous  surroundings,  whose  adjacent 
parts  are  in  this  respect  normal.  Such  thrombi  sometimes  do  not  occasion,  if  they 
form  emboli,  metastatic  abscesses;  at  other  times  these  do  originate,  probably  because 
the  thrombi  become  infected  by  altered  blood  on  their  way  from  the  periphery  to  the 
lungs.  Lastly,  some  coagulations  in  the  lungs  are  secondary,  only  arising  in  conse- 
quence of  the  formation  of  infarcti. 

Experiments  in  regard  to  this  (the  action  of  bodies  obstructing  vessels  and  the 
production  of  multiple  abscesses  by  them)  were  first  made  by  CRUVElLniER,  later 
especially  by  Virchow.  The  close  relation  of  venous  thromboses  and  venous  in- 
flammations to  pyaemia  was  insisted  upon  already  by  Bichat  and  Hodgson,  later  by 
Sasse,  Bo uii, laud,  Crisp,  Carswell,  Gulliver,  Cruveiliiier,  Rokitansky, 
Dance,  and  Arnott. 

Though  the  origin  of  metastatic  deposits  in  the  lungs  is  explained,  that  of  those  in 
other  organs  is  still  doubtful.  In  cases  where  the  lungs  are  free  from  such  deposits, 
it  can  be  supposed  that  several  small  coaguia,  of  about  the  size  of  white  blood-corpus- 
cles, pass  through  the  lung  capillaries,  and,  enlarging  by  deposits  of  fibrin  from  the 
blood,  become  impacted  in  the  capillaries  of  other  organs;  or  that  larger  coaguia  pass 
accidentally  through  such  parts  of  the  lungs  where  direct  changes  of  arterial  to  venous 
branches  exist.  Where  metastatic  deposits  are  found  in  the  lungs  and  other  organs 
simultaneously,  the  same  inode  of  origin  may  be  accepted,  or  the  deposits  in  the 
kidneys,  etc.,  may  be  believed  to  be  the  products  of  transported  secondary  coaguia, 
that  is  coaguia  passed  from  the  pulmonary  artery  through  the  capillaries  iuto  the 
branches  of  the  pulmonary  veins. 

The  serous  membranes,  to  whose  surface  the  abscesses  extend,  especially 
the  pleura,  present  circumscribed  or  diffused  inflammations,  frequently  with 
suppurative  or  ichorous  exudation.  More  rarely  such  inflammations  of  the 
serous  membranes  exist  without  demonstrable  abscesses  of  the  organs  in 
question,  occasionally  there  are  similar  inflammations  of  the  joints.  Their 
origin  is  not  yet  known. 

The  lymphatic  vessels  starting  from  the  primary  purulent  focus  are  fre- 
quently normal,  rarely  more  abundantly  filled  with  the  usual  lymph  or  that 
made  cloudy  by  an  admixture  of  pus.  Their  lymphatic  glands  are  usually 
more  or  less  hyperasmic  and  swollen,  in  a state  of  cellular  hypertrophy. 
The  other  lymphatic  glands  are  nearly  always  normal,  more  rarely  they  are 
similarly  affected,  but  in  a lesser  degree.  The  spleen  is  commonly  more  or 
less  hyperannic  and  swollen  by  the  same  hypertrophy.  The  blood  is  richer 
in  colorless  corpuscles  and  contains  globular  bacteria  ( vide  infra).  Its 
chemical  examination  has  not  as  yet  shown  anything. 

The  other  organs  show  the  same  changes  as  after  other  serious  febrile 
diseases  which  cause  acute  marasmus.  The  liver  often  presents  parenchy- 
matous infiltration.  The  occasional  icterus  is  usually  not  of  mechanical 
nature  (see  p.  556).  The  kidneys  are  similarly  changed  as  the  liver.  The 
stomach  and  intestines  are  occasionally  in  the  same  condition  as  in  septi- 
caemia. 

The  symptoms  of  PY.-EMt a are  in  the  majority  of  cases  characteristic. 
They  usually  set  in  suddenly.  Almost  always  moderate  or  high  fever  exists  : 
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38°_41°  C. ; pulse  120-140,  at  first  large,  full,  even  dicrotic,  later  small, 
soft;  increased  respirations.  The  temperature  sinks  from  this  height  fre- 
quently in  a few  hours  to  its  normal  degree.  The  affection  begins  most 
frequently  with  a severe  chill,  lasting  several  minutes  to  one  hour  and 
more,  with  a temperature  of  from  40^  C.  to  almost  42  0.,  which  is  attained 
occasionally  in  a few  hours;  the  chills  recur  during  the  first  days  usually 
daily,  rarely  regularly,  at  times  even  several  times  a day,  less  frequently 
they  are  entirely  absent ; consequently  to  the  chill  a sensation  of  intense 
heat,  and  profuse  perspiration  sets  in.  The  skin  is  either  dry  or  damp, 
occasionally  covered  with  sudamina;  later  it  becomes  frequently  more  or 
less  icteric.  There  are  loss  of  appetite,  great  thirst,  thickly  coated,  fre- 
quently dry  tongue ; not  rarely  painless  diarrhoea : the  face  is  haggard ; 
general  bodily  and  mental  depression;  frequently  headache;  often  moderate 
enlargement  of  the  spleen,  loiter  on  only  moderate  symptoms  on  the  part 
of  those  organs  which  are  affected  by  the  metastatic  inflammations,  appear: 
most  frequently  symptoms  due  to  the  respiratory  organs  and  pains  in  the 
joints;  though  the  latter  are  often,  notwithstanding  intense  inflammation, 
quite  painless.  Karely  are  characteristic  symptoms  of  the  other  affected 
organs  present.  Quite  frequently  bed-sores  exist.  The  external  wound, 
which  lavs  caused  pyaemia,  very  rarely  shows  no  changes.  Nearly  always 
they  do  occur,  sometimes  even  before,  more  frequently  only  after  the  first 
chill.  If  the  wound  be  lately  made,  neither  prima  inlentio  nor  suppura- 
tion occurs,  but  a rapid  decay  of  the  injured  tissues  and  nn  unusually 
intense  inflammation  of  the  surrounding  parts  (intense  hvpenemia,  great 
oedema,  etc.),  sometimes  with  a similar  affection  of  the  vascular  and  lym- 
phatic vessels  (including  the  lymphatic  glands),  or  without,  if  the  wound 
has  already  commenced  to  granulate,  its  secretion  usually  diminishes,  so 
that  its  surface  appears  as  though  it  were  varnished;  or  the  previously 
yellow,  cream  like  pus  becomes  yellowish  green,  thinner,  ichorous ; or  the 
wound  bleeds.  The  wound  itself  looks  inflamed,  and  is  painful;  existing 
granulations  become  smaller  and  more  flabby  ; the  already  commenced  heal- 
ing stops.  The  parts  surrounding  the  wound  are  cedematous,  or  evenly  or 
irregularly  flushed ; the  entire  limb  occasionally  ap]>eai*8  remarkably  with- 
ered. The  veins  and  lymphatic  vessels  give  more  or  less  distinct  signs  of 
thrombosis  and  inflammation.  Nothing  is  known  in  regard  to  the  changes 
of  the  primary  purulent  centre,  if  it  is  not  upon  the  external  surface  of  the 
body. 

After  an  usually  acute  course,  lasting  one  to  two  weeks,  more  rarely  a 
sub-acute  and  still  more  rarely  a chronic  course,  in  which  the  chills  decrease 
in  number  and  intensity,  deatli  occurs,  rarely  convalescence.  The  latter  is 
observed  in  private  practice  more  frequently  than  is  usually  thought. 

In  regard  to  the  condition  of  the  temperature,  see  Wunderlich,  Das  Verb.  d. 
BigtnvArme , 1870,  p.  !544  ; Heubner,  Arch.  d.  Ihilk.,  IX.,  p.  289 ; Stiouix's  Ther- 
mometry, 1876,  pp.  156,  161. 

Premia  does  not  in  all  cases  Bhow  either  of  the  above -described  sets  of  symptoms. 
In  some  cases  (in  consequence  of  insufficient  absorption  of  the  noxious  substance  ? — 
or  in  those  Jess  disposed?)  it  occurs  only  in  the  form  of  a so-called  pyaemia  febricula 
(Maj.GAIGNK,  Stromeykr,  Rosek)  in  women  after  confinement  as  so-called  milk- 
fever.  . At  other  times  it  occurs  as  so-called  traumatic  or  pyaeinic  erysipelas,  or  as 
pyajmic  diarrhoea  (Roser).  Still  in  other  cases  slow  sup] »uration  is  developed,  with- 
out fever  and  without  any  great  constitutional  disturbance  in  the  skin  in  several 
joints. 


592 


PUERPERAL  FEVER. 


PUERPERAL  FEVER 

Is  an  affection  aetiologically,  anatomically,  anil  symptomatically  similar 
to  pyaunia  in  general,  sometimes  more  to  its  septicmmic,  sometimes  more  to 
its  embolic  form ; only  differing  from  it  by  the  affected  individuals.  It 
occurs  in  the  largest  majority  of  cases  in  women  after  parturition,  but  is 
also  found  in  exactly  the  same  form  in  pregnant  women,  in  their  children, 
in  non-pregnant  women,  in  women  upon  whose  genitals  operations  have 
been  performed. 

Just  as  ordinary  pyaemia,  puerperal  fever  occurs  rarely  sporadically, 
most  frequently  epidemically  and  endemically. 

The  affections  of  the  puerperal  state  which  occasion  pyaemia  are  : puer- 
peral endometritis  and  endocolpitis  of  a catarrhal,  so-called  croupous  or 
diphtheritic  nature : colpitis  is  most  frequently  preceded  by  lacerations  of 
the  vulval  orifice,  produced  by  the  child-birth,  or  by  parenchymatous 
haemorrhages,  which  are  transformed  into  simple  or  ichorous  ulcers;  endo- 
metritis is  frequently  due  to  lacerations  of  the  cervix  uteri ; diffused  metri- 
tis, and  diffused  or  circumscribed  parametritis  (so-called  extra-peritonseal 
pelvic  abscesses) : the  former  two  forms  occur  alone,  or  are  combined  with 
lymphangioitis  or  with  other  puerperal  inflammations  ; diffused  metritis 
originates  most  frequently  in  lacerations  of  the  vagina,  more  rarely  from 
contusions  of  the  cervix ; puerperal  thromboses,  particularly  of  the  uterus 
and  its  appendages : originating  primarily,  as  well  as  after  metritis,  etc.  ; 
perimetritis,  which  originates  directly  from  an  endometritis,  metritis,  and 
parametritis,  or  from  a salpyngitis  ; suppurative  peritonitis. 

Each  one  of  the  above-named  affections  may  become  the  cause  of  puer- 
peral fever  : most  frequently  it  is  diffused  metritis  and  endometritis,  whence, 
by  means  of  the  veins  or  lymphatic  vessels,  or  both,  the  general  circulation 
receives  noxious  substances.  These  different  affections  are  almost  never 
found  simultaneously  and  irregularly  in  the  same  epidemic  or  endemic, 
but  almost  always  one  of  them  predominates.  This  has  rightly  led  to  the 
acceptation  of  so-called  forms  of  puerperal  fever.  These  diversities  are  mostly 
present  hi  those  affections  which  are  secondary  to  the  above-mentioned 
principal  affections  (secondary  parotitis,  puerperal  scarlatina,  etc.).  Finally, 
they  also  influence  the  mortality  in  different  epidemics:  dissection  occa- 
sionally shows  remarkably  numerous,  occasionally  very  slight  local  lesions. 

According  to  Bittil  ( Mon.-Schr . /.  Geburtsk.  v.  8.  re.,  1804,  XXIII.,  p 303),  non- 
puerperal  traumatic  interferences  with  the  vagina  and  uterus  (e.g. , episiorrhaphy, 
ecrasement  of  an  epithelial  cancer  of  the  vagina)  may  also  produce  a disease  similar 
in  every  respect  to  puerperal  fever : diphtheria  and  gangrene  of  the  surface  of  the 
wound,  suppurating  lymphangioitis  in  the  sub-peritoneal  connective  tissue  of  the 
uterus,  suppurating  peritonitis  and  frequently  also  pleurisy.  The  puerperal  fever 
loses  thereby  everything  specific : it  is  only  a pyaemia  originating  from  the  genitals. 
Only  the  form  of  the  injury,  here  an  operation,  there  preceding  parturition  with  usual 
or  unusual  consequences,  makes  the  distinction. 

Suppurating  peritonitis  can  cause  pyaemia  by  the  pus  entering  the  blood  through 
the  lymphatic  vessels  of  the  diaphragm,  and  not  only  through  the  pars  tendinea 
(Recklinghausen),  but  also  through  its  pars  miisculvsa  (Brandbebg,  Nord.  mat. 
Ark.,  1871,  in.). 


Theory  of  pyemia. 

After  this  mostly  clinical  representation  of  pyaemia  we  will  give  a general 
pathological  representation,  as  far  as  such  is  possible  by  the  comparison  of 
observations  on  man  with  the  very  numerous  experimental  investigations. 
The  latter  bear  partly  on  the  origin  of  pyaemia  in  general  and  of  its  two 
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forms,  partly  on  the  relation  of  one  to  the  other,  partly  on  the  nature  of  the 
active  substance.  The  latest  examinations  in  regard  to  vegetable  parasites 
have  made  it  very  probable,  not  only  that  these  are  the  active  agents,  but 
also — what  has  been  clinically  quite  generally  accepted — that  septicaemia 
and  pyaemia  owe  their  origin  to  different  plants  (the  first  to  rod-bacteria, 
the  latter  to  globular  bacteria),  and  finally  that  both  may  combine.  Before 
giving  the  general  pathological  observations  on  both  forms  of  pya‘mia,some 
points  must  yet  be  mentioned,  which  belong  equally  to  both  affections. 

Pyaemia  (septico- pyaemia)  originates  from  a noxious  substance  which 
develops  in  the  primary  lesion  spontaneously,  or  which  is  brought  there 
from  without. 

In  favor  of  the  spontaneous  origin  of  this  substance  are  those  cases 
wdiich  occur  after  extensive  contusions  with  diffused  extravasations  of 
blood,  or  after  other  severe  injuries;  or,  finally,  without  preceding  trauma, 
even  if  the  skin  is  unbroken,  if  the  injured  are  in  healthy  localities ; if, 
lastly,  all  other  sources  of  infection  are  in  all  probability  excluded,  symp- 
toms of  septicaemia  or  of  embolic  pyirmia  occur.  Many  cases  of  so-called 
primary  acute  ulcerating  endocarditis  also  speak  in  favor  of  this  genesis. 

Much  more  frequently,  however,  the  noxious  substance  comes  from  with- 
out into  the  primary  lesion  or  wound.  The  substance  is  then  either  a 
fluid,  which  is  brought  from  the  wound  of  a similarly  sick  person  by  the 
finger,  instruments,  bandages,  etc.,  of  a physician  or  nnrse : as  in  operations 
of  every  kind,  in  women  during  and  after  parturition,  in  the  so-called  post 
mortem  w ound  ; or  the  access  of  air  contaminated  by  chemical  or  parasiti- 
cal noxious  substances  is  sufficient  to  produce  changes  in  the  wound,  which 
induce  pytemia.  Both  forms  of  infection  probably  occur  through  the  fre- 
quent epidemic  and  especially  endemic  appearance  of  pyiemia  and  puerperal 
fever,  as  well  in  hospitals  and  lying-in  wards,  as  in  private  practice.  The 
latter  particularly  1ms  given  unquestionable  evidence,  which  can  hardly  be 
explained  but  by  the  infection  theory,  for  puerperal  fever. 

These  and  many  other  experiences,  particularly  that  neither  the  extent 
and  severity  of  the  injury  nor  the  kind  of  injured  tissues  are  the  only 
cause  of  pviemia,  undoubtedly  prove  that  the  disease  in  the  vast  majority 
of  cases  does  not  arise  spontaneously,  but  that  it  is  of  miasmatic  or  conta- 
gious origin.  Lately  most  authorities  have  stated  their  belief  in  its  conta- 
gious or  contagious-miasmatic  origin  ; i.e.,  that  the  disease  arises  usually 
lrom  a similarly  diseased  individual  : but  it  can  also  be  brought  from  sup- 
purating or  ichorous  surfaces  of  non  pyieniics,  especially  where  many  such 
patients  lie  in  the  same  poorly  ventilated  rooms,  or  where  pus,  ichor,  etc., 
of  such  patients  (after  death)  decompose. 

Just  as  widely  spread,  and  partly  better  founded,  is  the  opinion  in  regard 
to  the  contagious  nature  of  puerperal  fever.  The  contagium  is  brought  by 
physicians,  students,  midwives  and  nurses,  sometimes  directly,  sometimes 
by  instruments,  bandages,  or  cloths,  upon  wounded  skin  or  mucous  mem- 
brane of  the  genitals,  whence  it  gets  directly  into  the  blood,  or  where  it 
first  occasions  infection  of  residues  of  blood,  placenta  and  decidua,  which 
are  present  within  the  genitals,  of  the  lochia*,  etc.,  and  secondarily  one  of 
the  above  mentioned  affections,  most  frequently  endometritis  and  diffused 
metritis. 


Private  practice  fives  more  remarkable  and  demonstrable  examples  for  this,  than 
hospital  pructice.  In  regard  to  the  former,  a number  of  careful  oliservers  (YVko- 
BCQEruEB,  Wikckei,,  Vkit,  Wkhdtm('i,i.eb,  Stkhbebg,  Mayer.  Kaitmans. 
Ahi.kei.iD,  and  others)  have  stated,  that  puerperal  fever  is  restricted  exclusively  oi 
almost  so,  to  the  practice  of  a few  accoucheurs  or  midwives,  or  that  it  is  transported 
38 
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from  place  to  place  from  lying-in-wards,  or  from  a private  residence  by  physicians, 
midwives  or  nurses,  who  have  come  in  contact  with  those  who  had  been  sick  with  or 
died  from  puerperal  fever,  with  portions  of  their  bodies  or  with  the  clothes  or  bed- 
linen  infected  by  them. 

The  sporadic  cases  undoubtedly  originate  most  frequently  by  infection  with  the 
puerperal  septic  substance.  But  they  may  arise,  just  as  the  first  case  of  an  epidemic 
or  endemic,  by  infection  of  some  other  material,  not  originating  in  sick  parturient 
women  : through  pregnant  women,  suffering  from  phlegmons  of  different  kinds,  from 
ulcers,  e.  </. , of  the  extremities,  through  physicians  and  students,  who  bring  with 
their  fingers,  clothes,  or  instruments  septic  substances  from  those  sick  with  other  dis- 
eases or  from  their  bodies. 

But  observations  in  lying-in  wards  also  speak  much  more  in  favor  of  the  contagious 
nature  of  puerperal  fever.  Women  who  are  received  in  lying-in  wards  after  their 
confinement  have  great  immunity  from  the  child-bed  fever;  even  those  received 
during  labor  rarely  become  affected.  Most  frequently  those  become  sick  who  come 
into  the  institution  a short  time  (one  to  a few  days)  before  their  confinement.  In 
favor  of  its  contagiousness  are  furthermore  the  fluctuations,  which  occur  in  the  time 
of  the  appearance  of  puerperal  fever,  especially  if  we  accept  a stage  of  incubation  of 
24-48  hours’  duration.  The  first  symptoms  appear  usually  only  on  the  second  or  third 
day  after  the  confinement,  thus  1-2  days  after-  the  period  in  which  examinations 
were  made  most  frequently,  and  in  which  the  not  rarely  injured  genitals  can  be 
easily  touched  and  infected  by  the  examiner.  The  appearance  of  puerperal  fever  in 
the  newly  born  infant  also  makes  the  above  opinion  probable.  If  they  die  during  or 
immediately  after  birth,  the  infection  has  been  affected  liy  the  blood  of  the  mother 
infected  already  previously  to  or  during  parturition.  If  the  child  sicken  later,  it  has 
become  infected  most  frequently  at  the  umbilical  wound  by  the  mother  or  the  nurses 
directly,  or  by  means  of  the  clothes. 

Against  the  miasmatic  nature  of  pyaemia  ns  well  as  of  puerperal  fever,  is  Ihc  fact 
that  their  occurrence  and  their  propagation  is  not  dependent  upon  any  peculiar  con- 
stitution of  the  air  ; that  they  occur  in  all  degrees  of  latitude,  by  the  same  condi- 
tions of  the  weather,  etc.  ; that  the  seasons  of  the  year  (winter)  only  influence  them 
indirectly  ; the  greater  prevalence  of  puerpeial  fever  inlying-in  wards,  the  differences 
which  the  diverse  institutions  show,  the  fluctuations  in  the  proportion  of  mortality, 
which  occur  in  the  same  house  at  different  times,  speak  at  least  as  much  in  favor  of 
its  contagious  as  of  its  miasmatic  nature.  (See  the  numerous  statistics  of  child-bed 
fever  by  Ykit.) 

The  substance  brought  into,  or  originating  spontaneously  in  the  primary 
wound  changes  it  so  much,  that  the  alteration  is  visible.  ( Vide  j>.  591.) 

The  microscopic  changes  of  such  wounds  have  been  examined  more  par- 
ticularly within  the  last  years:  partly  in  regard  to  t lie  composition  of  the 
pus,  especially  its  inclusion  of  bacteria,  partly  in  regard  to  the  action  of  the 
bloodvessels,  through  which  absorption  of  the  noxious  substance  occurs.  At 
newly  made  wounds  this  absorption  can  take  place  directly,  as  from  the 
moment  of  reception  of  the  injury  first  unaltered,  later  putrid  substances 
(extravasated  blood,  tissue-fluids,  even  portions  of  the  tissues)  are  received 
through  the  torn  vascular  and  lymphatic  vessels,  until  a closure  of  the  same 
occurs  by  compression  or  thrombosis  (vile  infra). 

In  well-granulating  and  suppurating  wounds  no  communication  seems  to 
take  place,  under  normal  circumstances,  between  the  surface  of  the  wound 
and  the  vessels  lving  at  its  base.  JWost  medicaments  brought  upon  such 
wounds  do  not  penetrate  into  the  general  circulation,  unless  they  act  as 
caustics.  Putrid  substances  put  upon  the  surfaces  of  wounds  in  animals 
have  no  general  consequences,  while  such  do  arise  if  much  smaller  quanti- 
ties of  the  same  substance  are  injected  into  the  subcutaneous  cellular  tissue 
or  into  the  veins.  In  normally  granulating  suppurating  wounds  the 
arteries  are  probably  rapidly  closed  by  organizing  thrombi.  The  veins  are 
usually  quite  collapsed  and  much  folded ; only  if  they  were  already  pre- 
viously  diseased,  as  well  as  in  abnormal  general  conditions,  thrombi  are 
formed  within  them.  If  these  organize,  then  absorption  of  noxious  sub- 
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stances  is  only  possible  in  the  beginning.  But  if  they  soften,  if  at  the  same 
time  a loosening  of  their  coats  takes  place  through  serous  or  purulent  in- 
filtration, noxious  substances  can  enter  the  more  readily  the  nearer  they 
are  to  the  wall  of  the  veins ; they  saturate  the  thrombus  and  penetrate  with 
it,  as  soon  as  it  becomes  an  embolus,  into  the  affected  organs.  The 
capillary  vessels  of  the  surface  of  the  wound  are  compressed  at  first  by  the 
oedema,  later  by  the  granulation-tissue,  but  are  likely  to  reopen,  until  their 
lumen  has  definitively  disappeared.  But  such  an  absorption  may  take 
place  by  the  newly-formed  capillaries.  The  transmigration  of  cells  into 
the  bloodvessels,  proven  within  the  last  years,  which  has  been  seen  in  the 
colorless  blood-corpuscles,  in  pigment-cells  and  in  the  common  (immovable) 
connective-tissue  corpuscles,  is  very  important  in  regard  to  the  absorption 
of  noxious  substances  into  the  vascular  system  : for  as  well  as  lymph-cor- 
puscles with  coloring  matter,  so  may  they,  containing  bacteria,  penetrate 
through  the  vessel’s  wall  into  its  lumen,  alter  the  thrombus,  etc.  (vide  infra). 

Some  ascribe  the  greatest  importance  to  the  lymphatic  vessels  in  the  absorption  of 
septic  substances.  What  part  they  take  in  the  regular  healing  of  wounds  and  in 
suppuration,  wo  do  not  know  ; the  lymphatic  glands  remain  normal.  In  ichorous 
suppurations,  on  the  contrary,  demonstrable  lv mphangioitis  and  lymphadenitis  are 
present  already  even  during  life  Bll. I.HOTH  has  demonstrated  by  injections,  that  the 
lymphatic  vessels  become  closed  at  the  wound,  that  they  do  not  end  there  as  open 
tubes,  that  the  granulations  have  no  lymphatic  vessels,  that  these  are  only  formed 
anew  in  the  cicatrix  with  the  transformation  of  the  gelatine-like  intercellular  sub- 
stance of  the  granulations  into  connective  tissue. 

The  lymphatic  glands  may  perhaps  retain  the  noxious  substance  to  a certain 
degree.  But  as  it  is  here  in  intimate  connection  with  their  numerous  capillaries, 
another  source  for  the  absorption  of  such  substances  exists  in  the  presence  of  the 
bloodvessels. 

The  absorption  of  the  septic  substance  probably  only  takes  place  at  the 
point  of  the  injury  situated  externally  or  within  the  body.  This  is  proven 
partly  by  innumerable  experiences  in  practice  (only  slight  danger  in  all 
injuries,  especially  of  the  bones,  if  the  skin  be  unbroken) ; partly  by  ex- 
perimental observations  (difficulty  of  resorption  of  septic  poison  by  unin- 
jured respiratory  or  digestive  mucous  membrane). 

"Within  what  period  of  time  absorption  of  septic  substances  occurs  at  the 
wound,  we  do  not  know.  In  some  cases  it  probably  continues  as  long  as 
such  substances  are  present,  and  as  long  as  their  resorption  is  possible  by 
the  vascular  or  lymphatic  vessels.  At  other  times  only  one  shorter  or 
longer  period  of  absorption  takes  place  : it  causes  traumatic  fever,  or  a 
short  attack  of  fever  later  arising.  In  still  other  cases  absorption  occurs 
repeatedly,  daily  once  or  several  times  : many  believe  the  chills  of  pytemia 
t.o  be  a symptom  of  such  absorption. 

Microscopic  demonstrations  of  the  absorption  of  noxious  substances  into 
the  blood,  lungs,  etc.,  have  been  already  given,  at  least  for  fat.  But  only 
lately  has  it  been  shown  by  clinical  observation  and  experiment,  that 
diverse  substances  are  causes  of  pyicmia,  and  different  substances  have  been 
demonstrated  to  be  the  generators  of  septicaunia  and  of  pyaemia  proper. 

That-  fluid  substances  nre  absorbed  from  the  wound  has  been  frequently  proven  for 
liquid  fat.  1 found  it  as  well  in  newly  inflicted  injuries  as  in  suppurations  especially 
of  the  bones,  and  advanced  the  hypothesis  that  other  not  microscopically  demonstra- 
ble substance*  can  get  with  it  from  the  pus-centre  into  the  blood,  etc.  (l.c.).  Buscu 
( 1 ircA  Arch.,'  XXXV.,  p.  825)  demonstrated,  that  fat  is  absorbed  as  well  by  blood 
as  by  lymphatic  vessels  : he  injected  carmine  mixed  with  oil  into  the  destroyed  med- 
ullary canal,  and  found  carmine  particles  as  well  in  the  larger  veins  of  the  extre- 
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mities  as  also  in  the  lymphatic  glands.  More  rarely  an  albuminous  embolus  of  the 
lung  capillaries  was  found  (CORN,  Klin.  d.  embol.  Oefdaskrkh.,  p.  338.— The  Author 
1.  c.) 

The  numerous  experimental  investigations  for  the  discovery  of  the  nature 
and  the  consequences  of  the  noxious  substances  have  not  yet  led  to  a gener- 
ally received  opinion.  For  neither  the  nature  of  the  substance  in  general, 
nor  of  that  causing  either  septicaemia  or  true  pysemia  separately,  nor  the 
relation  of  one  to  the  other,  is  as  yet  definitively  known.  It  is  most  proba- 
ble that  both  forms  of  pyaemia  are  distinct,  that  they  usually  occur  sepa- 
rately, but  are  occasionally  also  combined. 

In  the  experimental  researches  upon  septicaemia,  animals,  most  fre- 
quently dogs  (rabbits  and  guinea-pigs  react  too  strongly  to  the  sub- 
stances used,  to  be  advantageously  employed) ; more  rarely  cats,  horses, 
sheep,  were  injected  with  putrid  substances  of  different  kinds,  as  blood, 
albumen,  muscular  substance,  lime,  secretion  from  a wound,  also  putrid 
vegetable  substances.  The  substances  were  usually  carefully  filtered,  to 
avoid  disturbing  actions  of  a coarsely  embolic  nature.  They  were  injected 
into  the  stomach  and  large  intestine,  also  into  the  crop  of  birds,  into 
the  subcutaneous  cellular  tissue  or  into  the  pleural  cavity,  most  fre- 
quently into  the  veins  : in  the  former  the  phenomena  appeared  more  slowly 
and  were  milder,  were  even  entirely  absent ; in  the  last  they  appeared 
more  rapidly  and  were  more  intense.  Sometimes,  large  quantities  were 
injected  at  once;  sometimes,  in  order  to  imitate  the  natural  processes  as 
nearly  as  possible,  small  amounts  were  inserted  repeatedly.  But  the  latter 
modification  has  the  disadvantage,  that  in  its  consequence  numerous  exter- 
nal wounds,  and  therefrom  the  possibility  of  thromboses,  arise.  At  the 
point  of  the  injection  almost  always  intense  inflammatory  appearances  set 
in. 

Such  experiments  were  first  made  by  Gaspard,  later  by  Magendie,  Stick.  Viii- 
enow,  Panum,  Billroth,  0.  Weber,  Schweninger,  Hemmer,  Bergmann, 
IIueter,  Klebs,  nnd  others. 

The  action  of  putrid  liquids  is  not  dependent  upon  the  individuality  of  the  animal. 
The  quantity  of  the  solution  necessary  to  produce  death  is  in  exact  proportion  to  the 
size  and  weight  of  the  animals.  The  duration  of  decay  and  extraneous  circumstances 
influence  the  intensity  of  the  action  : by  a temperature  of  30-40°  C.  diverse  solutions 
produced  their  maximum  action  in  five  to  eight  days.  (Bergmann,  also  previously 
Virchow  and  Stick.) 

The  symptoms  of  this  experimental  putrid  poisoning  were  in  many 
respects  similar  to  those  of  septicaemia.  Smaller  well-filtered  amounts, 
repeatedly  injected,  instantly  occasioned  restlessness  in  the  animal ; very 
soon  efforts  to  vomit  and  vomiting,  already  after  a few  hours  usually  in- 
tense fever  with  temperatures  to  40°  C.  and  more,  mostly  with  a very  weak 
and  rapid  pulse  and  greatly  hastened  respiration.  At  the  same  time  usually 
intense  nervous  disorders,  at  times  more  of  a spinal,  at  others  more  of 
cerebral  nature,  again  more  dependent  upon  the  sympathetic,  appeared ; 
moreover,  great  debility,  muscular  trembling,  mbsultus  tendinum,  vomiting. 
The  almost  constant  diarrhoea  was  at  first  feculent,  then  catarrhal,  at  last 
often  dysenteric,  usually  very  profuse.  The  sclerotic  was  icteric.  In  pure 
cases  metastatic  inflammations  of  the  lungs,  etc.,  as  also  of  the  serous 
membranes,  were  absent. 

The  intensity  of  the  symptoms  was  in  direct  proportion  to  the  amount  of 
the  injected  fluid.  Small  amounts  only  produced  moderate  fever,  or  also 
vomiting,  etc.  Larger  amounts  had  the  consequences  described  above. 
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Still  larger  quantities,  injected  at  once  or  in  quick  repetition,  caused  rapid 
death. 

Death  is  followed  by  an  extraordinarily  rapid  decay.  The  blood  of  the 
fresh  body  (as  well  as  that  taken  from  the  artery  of  the  living  person)  is 
dark-brown,  tar-like,  does  not  oxidize,  coagulates  badly,  its  corpuscles  are 
partly  dissolved,  and  its  serum  colored  red.  The  other  stated  blood-changes 
(acid  reaction:  formation  of  carbonate  and  hydrothionate  of  ammonia,  or  of 
lactic  acid,  diminished  amount  of  fibrin,  destruction  of  the  blood-corpuscles) 
are  probably  phenomena  of  putrefaction.  The  great  imbibition  by  the  ves- 
sels’ coats  of  the  coloring  matter  of  the  blood  is  probably  due  to  the  same 
cause.  Whether  a decrease  of  the  blood-corpuscles  occurs  in  consequence 
of  diminished  reproduction,  is  questionable.  The  mucous  membrane  of  the 
stomach,  and  especially  of  the  intestine,  constantly  shows  intense,  frequently 
haemorrhagic  inflammations,  now  of  a common  catarrhal  nature,  now  of  so- 
called  croupous  or  even  diphtheritic  character,  frequently  with  great  enlarge- 
ment of  the  intestinal  follicles.  The  mesenteric  vessels  are  abundantly 
filled.  The  lungs,  kidneys,  brain,  and  liver  are  also  usually  hypersemic  or 
contain  numerous  haemorrhages.  Relatively  rarely  inflammations,  frequently 
slight  hiBinorrhages,  occur  in  the  serous  membranes  and  in  the  joints. 

Fresh  blood  of  a venesection  in  a healthy  man  can  neither  induce  fermentation  of 
sugar  nor  of  urea,  amygdnlin  and  asparagin  ; that  of  individuals  who,  on  the  con- 
trary, suffer  with  infectious  diseases,  even  in  a few  hours  causes  not  only  sugar  and 
urea,  but  also  amygdalin  to  ferment  (Schmidt). 

Metastatic  deposits  were  usually  not  found  in  these  eases,  if  the  injected 
masses  were  well  filtered  and  the  experiment  itself  was  conducted  with  the 
necessary  care.  Rut  occasionally  metastases  did  occur.  They  were  caused 
probably  always  by  the  bloody  injury  to  the  skin  or  vein  necessary  to 
making  the  experiment,  particularly  by  fresh  or  by  later-forming  blood- 
coagula  on  the  veins’  walls;  perhaps  also  by  the  occurrence,  in  the  animals 
who  lived  for  a longer  time  after  the  ex|*eriment,  of  debility  of  the  heart 
ami  muscles  (marantic  thrombosis).  It  is  undecided  whether  putrid  in- 
fection increases  directly  the  tendency  to  coagulation  of  blood  within  the 
vessels.  The  secondary  purulent  or  ichorous  foci  henceforth  do  not  only 
act  infectinglv  upon  their  surrounding  parts,  hut  also  upon  distant  parts  : 
partly  because  from  them  new  emboli,  saturated  with  ichor,  get  into  the 
circulation,  partly  by  fluid  substances  of  the  same  kiud. 

The  experiments  by  Panum  and  O.  Wkbkr  of  injecting  putrid  fluids  (without 
solid  elements),  sulphuretted  hydrogen,  sulphuret  of  ammonium,  butyric  acid  and 
ammonia,  did  not  cause  coagulation  within  the  capillary  vessels. 

To  determine  the  nature  of  the  septic  or  putrid  substances,  different 
means  have  been  tried.  The  undoubtedly  existing  and  chemically  demon- 
strable substances  in  septic  poison  were  injected  into  animals,  and  the  con- 
sequently occurring  symptoms  compared  to  those  of  a putrid  substance. 
]»v  different  observers  sometimes  the  products  of  decomposition  of  the 
albuminates  (leucin,  butyric  acid,  valerianic  acid),  sometimes  those  of 
protagou  (glycerin-phosphoric  acid,  solid  fatty  acids),  but  most  frequently 
sulphuretted  hydrogen,  sulphuret  of  ammonium,  aud  carbonate  of  ammonia, 
have  been  thought  essential. 

A concurrence  of  all  experimenters,  from  Gaspard  and  Magenthe  to  Bili.both 
and  WEBER,  is  still  wanting:  no  one  of  those  materials  is  just  like  the  putrid  sub- 
stance. 
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According  to  others  the  septic  poison  is  an  albuminous  substance  in  the 
act  of  metamorphosis.  Its  action  can  be  supposed  to  be  one  of  fermenta- 
tion : it  induces  a process  of  fermentation  within  the  blood. 

The  older  experiments  in  regard  to  this  were  made  by  Thiersch,  the  later  ones  by 
Hhmmkk  and  Schweninger. 


Lastly,  in  order  to  determine  the  nature  of  the  septic  substance,  it  has 
been  attempted  to  isolate  its  active  portions.  The  almost  pure  substance, 
SULPHATE  of  sepsin,  thus  produced,  has  the  same  action  as  common 
putrid  poison. 


According  to  PanuM,  the  real  putrid  poison  is  not  identical  with  any  one  of  the 
chemical  combinations  or  any  one  of  the  substances,  which  have  until  now  been  isolat- 
ed by  chemical  analysis  of  the  products  of  decomposition  of  nitrogenous  substances. 
It  is  probably  a concealed  ferment  belonging  to  the  so-called  extractive  matters  (car- 
bonate of  ammonia,  leucin,  tyrosin,  fatty  acid,  acetic  acid,  etc).  It  is  not  volatile, 
but  fixed,  is  not  decomposed  by  boiling,  and  is  soluble  in  water.  The  albuminous 
substances  contained  in  putrid  fluids  are  not  poisonous  per  se , but  they  con- 
dense the  poison  upon  their  surface.  Putrid  poison  can  only  be  compared  in 
respect  to  its  intensity  to  the  poison  of  snakes,  curare,  and  vegetable  alkaloids. 
Bergmann  comes  to  similar  conclusions.  According  to  him,  the  poisonous  action 
cannot  be  dependent  upon  animal  or  vegetable  organisms  (Meyerhoker’s  vibrionic 
theory),  as  solutions,  which  were  exposed  for  hours  to  a temperature  of  100°  C., 
maintained  their  activity.  Not  the  solid  ingredients,  but  the  lluids  of  the  products 
of  putrefaction,  are  the  vehicles  of  the  poison.  The  poison  is  not  volatile,  but  diffu- 
sible. It  is  not  a protein-compound.  Bergmann  and  Schmikdeheho  {Med.  ( 'trlhl., 
1808,  No.  82)  have  produced  the  sulphate  of  sepsin  in  a crystallized  condition.  It  acts 
upon  dogs  and  frogs  exactly  like  the  original  putrid  substance.  Bergmann  (J). 
Ztschr.  f.  Chir.,  1872,  I.,  p.  878)  produced  in  his  latest  experiments  active  and  inac- 
tive crystals  of  sulphate  of  sepsin  from  putrescent  yeast.  The  former  act  in  the  main 
similar  to  the  mode  of  putrid  fluids,  but  they  are  more  evanescent  in  their  action, 
and  the  intestinal  affection  is  more  moderate.  B.  identifies  his  sepsin  with  the 
putrid  poison  generated  by  bacteria  in  putrefying  substances. 

ZOlzeh  and  Sonnenschein  (Berl.  kiln.  Woehr .,  1809,  No.  12)  produced  from 
maceration- fluids  of  the  Berlin  anatomical  institute,  a substance  which  acts  like  an 
alkaloid  nearly  allied  to  atropia  and  hyoscyamia. 

Fischer  {Med.  Ctrlbl .,  1809,  No.  27)  has  not  yet  detected  sepsin  in  putrefying 
pus.  He  supposes  putrid  pus-poisons  to  be  of  a peptone-like  nature. 

The  terms  septic  and  putrid  are  frequently  used  synonymously.  Their  distinction 
is  shown  especially  by  the  following  experiments  by  Davaine  (Bull,  de  Vacad.  de 
tried.,  1872,  No.  31-38).  D.  determined  how  large  a quantity  of  putrid,  i. e. , simply 
putrefying  blood,  and  how  large  a quantity  of  septicannic  blood,  i.  e. , blood  of  animals 
infected  with  sepsis,  was  necessary  to  produce  death  in  animals  of  a certain 
species.  The  blood  was  injected  subcutaneously  into  the  animals  (rabbits  and 
guinea-pigs).  Of  72  guinea-pig3  25  were  killed  by  1-10  drops  of  putrid  beef- 
blood,  of  11  others  none  died  which  received  less  than  A of  a drop.  Of  48  rabbi  t3 
2(i  were  killed  by  1-10  drops  ; in  9 others  the  minimum  fatal  quantity  was  TAii  of  a 
drop.  To  solve  the  second  question  5 rabbits  received  2-15  drops  of  stinking  blood 
from  an  ox  killed  10  days  previously  (in  July),  and  died  after  H— 20  days.  Blood 
taken  from  their  hearts  was  injected  into  a second  lot  of  animals,  from  these  again  into 
a third,  and  so  on  to  the  twenty-fifth  generation.  The  conclusions  were  : that  blood 
of  animals  thus  septically  infected  was  absolutely  more  pernicious  than  simply  putrid 
blood,  for  it  killed  without  exception  in  doses  in  which  the  latter  did  not  even  endan- 
ger life,  and  that  it  increased  in  activity  by  successive  infection  of  consecutive  gen- 
erations’, so  that  finally  quite  incredibly  small  amounts  of  blood  produced  death  ; in 
the  twenty-fourth  and  twenty-fifth  generation  it  was  only  one-billionth  or  one- 
trillionth  part  of  a drop.  In  regard  also  to  the  rapidity  of  their  action  putrid 
and  septic  blood  differ : the  latter  kills  in  less  than  40  hours,  the  former  only  after 
days  With  neither  kind  of  blood  was  the  occurrence  of  death  in  regular  proportion 
to  “the  dose  employed  (contrarily  to  blood  from  gangrenous  spleen).  But  similarly 
to  the  blood  of  gangrenous  spleen  septic  blood  diminished  in  activity  by  putrefaction. 
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Davatnk’s  experiments  upon  septicaemia  have  been  partly  corroborated,  partly  not 
(Bull  del'acad  de  mid.,  1873,  No.  3-5). 

The  septic  substance  is  not  absorbed  by  healthy  granulating  wounds, 
just  as  it  is  not  by  the  normal  skin  or  mucous  membranes.  Probably  also 
not  by  the  lungs.  In  favor  of  this  are  partly  experiments,  partly  clinical 
observation,  partly  also  the  non-volatile  character  of  the  substance.  What 
provisions  prevents  putrid  infection  of  creatures  by  their  own  intestinal 
contents,  we  do  not  know. 

In  old  cutaneous  ulcers,  in  intestinal  ulcers,  in  bronchial  ectasias  with  intact  or 
ulcerated  mucous  membrane,  we  very  rarely  see  pysemic  phenomena;  frequently 
even  not  when  upon  these  common  decomposition  of  the  wound's  secretion  takes  (dace. 
But  the  cases  of  putrid  brouchitis  recognized  in  later  years  partly  belong  to  this 
class. 

Da  vain  rc  (1.  c.)  has  answered  the  question,  whether  septic  poison  also,  like  the 
poison  of  gangrene  of  the  spleen,  is  transferable  by  the  sting  of  an  insect,  affirma- 
tively. He  placed  a fly  under  a glass  globe  together  with  some  blood  from  a rabbit 
which  had  died  from  septicaemia.  After  half  an  hour  he  abscised  the  tly’s  sting  and 
poshed  it  through  a narrow  opening  under  the  skiu  of  a strong  rabbit.  The  animal 
died  thirty -five  hours  later. 

Lister’ 8 treatment  of  wounds  prevents,  according  to  L.,  the  occurrence  of  putrid 
decom position  in  the  affected  parts,  by  excluding  extraneous  agencies  which  induce 
an  abnormal  condition  of  the  wound.  (S.  ScilLLTZK,  YoUcmann't  klin.  Vortr. , 
1873,  No.  52.) 

Experimental  researches  relating  to  py.smia  proper  agree  much  less 
than  those  in  regard  to  septicaemia.  They  undoubtedly  prove  that 
not  merely  absorption  of  pus  alone  produces  pyasmia,  that  even  larger 
quantities  of  pus,  directly  injected  into  the  veins,  are  quite  inactive,  and 
that  a specific  pus  probably  induces  pyaemia  (pyogenic  in  contra  distinction 
to  saprogenic  or  putrid  infection).  The  main  agency  is,  according  to  the 
later  examinations,  bacteria, — globular  bacteria.  These  either  act  diriHrtly 
in  an  injurious  manner,  or  they  generate  the  noxious  substance.  Whence 
they  originate,  whether  always  only  from  similarly  sick  persons,  etc.,  is 
unknown. 

The  first  hypothesis,  to  which  pyamiia  also  owes  its  name,  that  pus  is  absorbed  in 
substance  at  the  primary  wound  and  carried  away  with  the  blood  to  a point  where 
the  capillaries  are  too  narrow  to  allow  it  to  pass  (».*.,  the  existence  of  a real  purulent 
metastasis),  could  never  be  proven  in  any  of  its  propositions : particularly  because 
until  lately  no  morphological  distinctions  were  known  between  colorless  blood-  and 
pus-corpuscles,  because  the  latter  are  in  many  parts  of  the  body  migrated  colorless 
blood-corpuscles,  and  finally  because  pus  originates  demonstrably  at  the  point  of  so- 
called  secondary  deposit.  Less  important  is  the  reason  that  the  means  by  which  pus 
in  substance  (M-netrates  into  the  vascular  system  are  unknown  to  us.  First,  undoubt- 
edly intravasations  or  perforations  of  purulent  collections  through  the  vessel-walls 
into  their  lumen  occur,  as  long  as  this  is  not  obstructed  by  thrombi  or  by  other 
means.  Moreover,  we  occasionally  see  a hypopyon,  an  accumulation  of  pas  in  tho 
anterior  chamber  of  the  eye,  as  also  other  quite  undoubted  pus -accumulations  becom- 
ing resorbed,  finally,  it  has  been  experimentally  demonstrated  that  pus-corpuscles 
can  penetrate  from  the  surrounding  parts  of  the  veins  through  their  wall  into  their 
lumen,  li  KCK  i.IXGH  a t’bK  n exposed  a vein,  ligated  one  inch  of  it,  first  at  the  cardiac 
then  at  the  peripheral  extremity,  dusted  carmine  into  the  wound  and  sewed  the  skin 
over  it.  Suppuration  occurred  around  the  vein;  the  newly-formed  pus-corpuscles 
absorbed  the  carmine.  The  thrombus  formed  in  the  ligated  portion  of  the  vein  con- 
tained many  pus-corpuscles  with  carmine. 

On  account  of  the  difficulty  of  explaining  the  resorption  of  pus,  Piobry  propounded 
the  opinion  that  (>us  originates  within  the  vascular  system  even  in  consequence  of  an 
inflammation  of  the  blood  (biemitis). 

That  injection  of  common  pus  is  occasionally  without  any  effect  or  only  acts  tem- 
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porarily,  that  with  proper  precaution  no  metastases  follow,  was  already  demonstrated 
by  the  first  experiments  of  d’Arcet,  Dupuytren,  Boyer,  Gunther,  S4dillot 
by  the  later  ones  of  Virchow,  O.  Weber,  Billroth,  and  by  the  latest  of  Hirscii- 
pei.d.  Only  the  property  of  even  fresh  pus  to  cause  fever  (pyrogenic)  seems  always 
to  exist,  according  to  Billroth  and  Weber,  but  Hirsciifeld  found  even  this  not 
to  be  constant. 

That  BACTEurA  are  the  most  important  agents  of  pyaemia  was  only  definitively  as- 
certained in  the  last  two  years.  (See  pp.  105  and  100.)  Excepting  a former  remark 
of  Virchow  and  Rindfleiscii,  Recklinghausen,  Hueter,  and  Klebs  were  especi- 
ally the  ones  who  maintained  this. 

Klebs  ( Corr.-Bl . f.  schweie.  Aerzte,  1871,  I.,  No.  9;  Beitr.  z.  path.  Anat.  d. 
Schimumnden , 1872)  gave  a more  particular  description  of  these  conditions,  but  un- 
fortunately without  separating  septicaemia  from  pyaemia.  According  to  K. , infectious 
diseases  of  wounds  are  produced  by  the  microaporon  septicurn , which  occurs  as  well  in 
those  forms  accompanied  by  suppuration,  so-called  pyaemia,  as  in  the  purely  septic 
forniH.  These  fungous  growths  locally  destroy  the  tissues,  cause  suppuration,  and 
penetrate  into  the  lymph-  and  bloodvessels  ; they  are  the  cause  of  secondary  foci  or 
diffused  inflammation.  Kl.  discovered  the  microaporon  as  well  in  the  fluids  of  the 
wound  (healthy  and  thin  pus)  as  upon  the  surfaces  of  tissues  (granulations  of  different 
kinds,  joints,  serous  membranes).  The  penetration  into  the  bloodvessels  takes  place 
so  that  the  tissues  of  the  vessel- wall  are  destroyed  from  without  inward  : within  the 
vessel  coagulation  occurs,  during  the  progressive  destruction  lnemorrhages  (so  called 
septic  warning  or  tertiary  bleeding)  arise.  The  penetration  of  the  microaporon  into 
the  interstices  of  connective  tissue  takes  place  either  directly  or  indirectly,  while  the 
germs  of  migrating  cells  are  absorbed.  Hereby  the  peiinaneut  connective-tissue  cells 
are  destroyed,  the  white  blood-corpuscles  migrate.  Secondary  interstitial  myositis 
originates  similarly.  The  secondary  changes  in  the  organs,  especially  purulent  cen- 
tres of  the  lungs,  are  also  due  to  the  fungi.  Most  remarkable  are  the  fungus-metas- 
tases,  according  to  Klebs’  description,  in  the  liver,  etc.  In  a case  of  multiple 
osteo-myelitis,  Kl.  also  detected  fungi.  In  the  development  of  the  microaporon  sep- 
tulum there  originates  a substance  producing  fever,  diffusing  itself  through  the  nutri- 
tive fluid ; continued  fever  is  only  caused  by  continued  introduction  of  this  sub- 
stance, with  presence  of  the  fungi  within  the  organism. 

At  Klebs’  suggestion,  Zahn  (Z.  Lchre  v.  d.  Entz.  und  Eiterung.  Bern..  Dm..  1871) 
discovered  that  the  microaporon  aeptiemn  induces  inflammation  and  suppuration,  and 
Tiegel  ( Ueb.  d.  fiebererreg.  Eigenach.  dea  Microsp.  Sept.,  Bern.  Dias.,  1871)  that  it 
possesses  properties  which  induce  fever,  and  that  the  fever  produced  by  it  is  identical 
with  that  generated  by  sepsin. 

Contrary  to  Klebs  (see  p.  105),  Wolff  {Med.  GtrlM ,,  1873,  Nos.  8 u.  9)  observed 
only  graded  differences  between  a filtered  solution  and  the  residue  containing  fungi. 
In  numerous  subcutaneous  injections  into  guinea-pigs  ho  found  that  putrid  blood  in 
its  own  form  acts  differently  than  when  filtered,  even  with  the  addition  of  bacteria ; 
that  therefore  the  deleterious  effect  of  the  former  must  be  due  not  to  the  bacteria, 
but  to  some  other  morphological  or  chemical  ingredient  of  the  residue.  W.  did  not 
succeed  in  producing  in  rabbits  and  guinea-pigs,  by  introduction  of  concentrated 
fluids  containing  fungi  into  the  air-passages  (by  tracheotomy  or  by  inhalation),  putrid 
changes  of  the  lungs’  parenchyma,  diphtheria,  or  miliary  abscesses  composed  of  colonies 
of  bacteria.  Only  pneumonias  arose,  similar  to  those  which  occur  at  other  times  in 
such  animals,  without  any  demonstrable  invasion  of  bacteria.  Wolff  (lb.,  1873, 
No.  32),  who  separates  embolic  from  septic  pymmia,  discovered  that  the  fluid  con- 
taining pyannic  and  septic  fungi  is  much  less  deleterious  than  pyaemic  and  septic 
secretion  of  wounds,  which,  injected  in  the  same  dose,  is  almost  absolutely  fatal. 
W.  cannot,  from  the  results  of  his  examinations,  ascribe  the  deleterious  action,  at 
least  not  exclusively,  to  the  bacteria  in  the  wound’s  secretions.  Neither  does  he 
acknowledge  globular  bacteria  to  be  the  special  cause  of  pyaemia,  or  rod-bacteria 
that  of  septicannia. 

Hueter  had  previously  {Bed.  Min.  Wachr. , 1809,  No.  33)  maintained  that  septic 
erysipelas  was  generated  and  propagated  by  the  migrations  of  monads  or  micro- 
cocci in  the  skin.  Later  ( lb .,  1870,  No.  8)  H.  described  diphtheritic  myositis,  which 
is  produced  in  rabbits  by  the  introduction  of  croupous  membranes,  even  if  these  have 
been  dried  and  pulverized.  In  a later  work  ( Volkmann's  Sarnml.  Min.  Vortr.,  1871, 
No.  22)  II.  states  that  diphtheria  and  erysipelas  of  wounds  are  produced  by  the 
migration  of  monads  into  the  living  tissues.  Furthermore,  he  originated  the  term 
diphtheritic  phlegmon:  i. e. , a rapidly  progressing  inflammation,  which  is  propagated 
by  the  migration  of  the  monads,  which  quickly  leads  to  hyperaamia  and  swelling  of 
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the  tissues,  and  which  rapidly  culminates  in  formation  of  a stinking  pus.  By  this 
and  a later  work  (D.  Ztsehr.  f.  Ghir .,  1872,  I.,  p.  91)  H.  believes  to  have  demon- 
strated that  the  process  of  putrefaction  of  the  blood  has  something  peculiar,  consist- 
ing in  the  fact  that  the  aerobim  (».«.,  monads,  whose  existence  is  dependent  upon  the 
presence  of  oxygen)  develop  therein  in  large  numbers  and  exist  for  a long  period. 
These  monads  penetrate  in  large  quantities  into  the  living  tissues  and  into  the  circu- 
lation ; they  can  go  thence  into  the  secretions  of  the  body,  and  in  consequence  of 
their  appearance  in  large  numbers,  inflammatory  processes  of  a certain  character 
arise.  But  generators  of  putrefaction  can  also  penetrate  through  the  vessels’  walls 
into  venous  thrombi ; which,  changed  into  emboli,  get  into  the  lungs  and  cause 
there  also  a diphtheritic  inflammation.  Several  days  after  the  injury  pus  is  produced, 
whose  putrefaction  has  the  same  morphological  course  as  that  of  the  blood : here  also 
the  aerobiae  are  the  predominating  generators  of  putrefaction. 

Vogt  t Med.  Ctrlbl .,  1872,  No.  44)  detected  in  a living  pyaemio  soon  after  a metas- 
tatic pus-centre  apj>eared  in  the  wrist,  in  it,  migrations  of  immense  quantities  of 
monads  with  vigorous  vital  movements,  while  these  apj>eared  only  singly  in  the  cor- 
responding healthy  joint,  as  also  in  the  blood  generally.  (V.  did  not  see  any  rod- 
bacteria.  ) This  condition  continued  during  five  days  until  death,  and  could  be  seen 
for  twenty-four  hours  post  mortem  in  the  same  way. 

Hcetek  first  explained  erysipelas  of  wounds  as  produced  by  migration  of  monads. 
Nkpveu  {Got.  mid.  <h  Par.,  1872.  No.  3)  detected  bacteria  in  traumatic  and  spon- 
taneous erysipelas.  According  to  Oktii  {Arch.  f.  exp.  Path.,  1873,  I.,  p.  81),  the 
bacteria  of  erysipelas  are  the  same  as  Cohn's  globular  bacteria.  In  inocculated 
animals  he  also  found  some  of  long  forms,  but  these  never  showed  any  motion. 

Examinations  in  regard  to  the  influence  of  bacteria  upon  the  origin  of  puerperal 
fever  have  resulted  similarly.  The  fir-t  observations  were  made  by  Coze  and  Fkltz 
(G'iz.  med.  de  Strasb. , 1869,  Noa.  1 -4 >.  Waldkyer  (Arch.  f.  Gyuiik 1872.  III.,  p. 
293)  detected  bacteria  in  the  diphtheritic  form  of  puerjieral  fever,  in  the  diphtheritic 
deposits  upon  the  interior  surface  of  the  uterus,  in  the  puriform  masses  from  the 
lymphatic  vessels  of  the  uterus  and  ligaments*  lata,  in  the  peritoneal  exudation,  etc. 
Everywhere  they  were  contained  within  the  pus-corpuscles.  The  bacteria  were 
globular  bacteria,  more  of  an  oval  shape,  2,  4.  8-10  connected  in  short  chains ; 
another  time  W.  saw  also  rod -bacteria.  According  to  Wai.DEYKR  also,  the  dark 
masses  in  parametritis  diphtheritica  (Virchow),  as  well  as  the  yellow  substances, 
believed  to  be  puriform  broken-down  thrombi  in  the  lymphatic  vessels  of  the  uterus, 
are  for  the  greater  part  composed  of  bacteria. 

The  investigations  by  Hikschfeld  ( A rch.  d.  lleilk .,  1873,  XIV.,  p.  193)  are  the 
more  important,  as  they  prove  a parallelism  betweeu  the  number  of  bacteria  and  the 
clinical  picture,  and  show  the  marked  distinction  between  pyaunia  and  septicaunia. 
According  to  II.,  the  pus-corpuscles  of  healthy  fresh  pus  are  equally  large,  round, 
with  Bharp  outline,  whitish  and  shining,  without  visible  nucleus ; the  scrum  is  per- 
fectly clear,  any  solid  masses  in  it  are  soluble  in  ether  or  potassa  solution ; at  the 
most  there  are  some  few  putrefaction-bacteria  (bacteria  termo  el  lineoia)  present. 
According  to  B croon -Sanderson  (1.  c.),  healthy  pus  does  not  occasion  cloudiness  in 
Pasteur  s fluid  (that  is  no  production  of  bacteria).  In  pyaunic  pus  the  pus -corpuscles 
are  of  greatly  varying  volume,  with  less  distinct  and  regular  outlines,  frequently  as 
though  prickly  and  scolloped;  their  protoplasm  is  darker,  grayish-black,  roughly 
granular,  the  nuclei  are  frequently  apparent  without  preparation ; the  cells  show 
usually  extensive  formations  of  vacuoles.  The  granular  apjmarance  is  due  to  globular 
bacteria,  which  are  deposited  upon  the  cells  and  penetrate  into  their  protoplasm. 
These  bacteria  (see  p.  89)  are  at  first  small  granules,  usually  collected  in  pairs  and 
then  measuring  two  to  four  mm.  ; in  the  next  few  days  they  form  chains  of  eight 
links ; they  are  immovable ; they  do  not  change  in  ether,  potassa  solutions,  acetic 
acid.  In  severe  cases  of  pyaunia  the  globular  bacteria  of  the  pus-corpuscles  as  well 
as  those  of  the  liquor  puns  become  constantly  more  numerous;  the  latter  soon  con- 
sists almost  entirely  of  them.  Then  formations  of  colonies  appear  ; II.  never  found 
any  formation  of  loogl-.aj.  (Also  see  Orth.  Arch.  d.  lleilk.,  1872.  p.  265.)  The  pus 
also  has  a peculiar  odor.  The  wound  presents  a more  or  less  characteristic  appear- 
ance: the  degree  of  the  change  is  ceteris  paribus  proportionate  to  the  number  of 
globular  bacteria.  In  the  same  way  the  severity  and  rapidity  of  the  course  of  the 
constitutional  affection  is  in  proportion  to  the  number  of  bacteria  which  are  demon- 
strated to  be  within  the  blood.  In  persons  who  have  had  limbs  recently  amputated, 
the  appearance  of  numerous  bacteria  in  the  secretion  of  the  wound  is  usually  very 
soon  followed  by  the  presence  of  the  like  bacteria  in  the  blood.  Toward  the  fatal 
termination  II.  found  that  occasionally  two  to  three  free  (usually  ouly  consisting  of 
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two  links)  bacteria  to  one  red  blood-corpuscle.  In  the  higher  degrees  of  infection 
the  white  blood-corpuscles  presented  the  same  appearance  as  the  cells  of  the  infected 
pus.  Those  corpuscles  are  themselves  increased.  The  red  blood-corpuscles  present 
no  change  excepting  an  incomplete  formation  of  rouleaux. 

The  relation  of  septicaemia  to  pyasmia  II.  discovered  by  subcutaneous  injections  of 
very  minute  amounts  of  pus,  usually  only  one  drop.  Injection  of  healthy  pus  usually 
caused  no  local  and  constitutional  symptoms,  or  only  slight  fever.  After  injection  of 
pus  containing  various  amounts  of  globular  bacteria  (usually  from  pysamic  patients), 
intense  irregularly  intermittent  fever  (more  than  42  C. ) suddenly  set  in,  on  the 
seventh  to  the  ninth  day;  the  animals  emaciated  and  died  almost  without  exception 
on  the  sixteenth  to  the  twenty-fourth  day.  If  the  pus  was  rich  in  globular  bacteria 
in  the  form  of  colonies,  the  severe  symptoms  appeared  on  the  third,  death  on  the 
seventh  day.  On  dissection  extensive  suppuration  of  the  cellular  tissue  was  found  at 
the  point  of  the  injection ; within  the  pus  numerous,  within  the  blood  usually  few 
(more  numerous  toward  the  end)  globular  bacteria.  Most  frequently,  of  the  inter- 
nal organs,  the  kidneys  were  diseased  (granular  degeneration,  not  rarely  with  bac- 
teria), also  the  spleen,  rarely  the  liver  and  lungs.  Injection  of  putrid  pus,  i.e. 
containing  numerous  bacteria  of  putrefaction  (bad.  tenno  et  lineola),  (partly  putrid 
secretions  of  wounds,  partly  such  as  had  become  putrid  by  being  kept  a long  time) 
gave  in  the  main  the  Hame  results  as  observed  by  other  experimenters,  lately  by 
Beiigmann.  II.  also  communicates  several  experiments  which  illustrate  partly  the 
pyannic,  partly  the  putrid  action  of  pus,  such  as  that  of  injecting  a fluid  from  erysi- 
pelas of  a wound. 

Hi'ETER  ( I).  Z.  f.  Chir.,  1872.  I.,  p.  ill)  distinguishes  pyremia  from  septicaemia, 
but  believes  the  former  to  originate  from  monads,  the  latter  from  vibrios ; and  says 
that  he  has  found  a difference  in  the  injection  of  putrid  blood  and  pus  and  that  of 
other  putrid  infusions  (muscles).  II.  classifies  diphtheritic  inflammation  with  septic 
and  pymmie  diseases.  Most  peculiar  is  the  opinion  of  Ebekth  with  respect  to  the 
latter  (Z.  K.  d.  bacterit.  Mykoscn , 1872),  according  to  whom  the  same  bacteria  not 
only  cause  pyannia  and  septicaemia,  but  also  diphtheria. 
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See  also  text-books  on  Physiology  and  Pathology. 

Fever  is  that  general  condition  in  which  the  heat  of  the  body  is 
increased  by  the  action  of  some  internal  cause.  Remarkable  symptom* 
besides  the  increased  temperature  and  partly  dependent  upon  it  are  certain 
nervous  phenomena,  also  changes  in  the  organs  of  circulation,  respiration 
and  digestion,  as  well  as  in  the  secretions. 

A.  SYMPTOMS  OF  FEVER. 

Increased  temperature  ok  the  body  is  a necessary  symptom  of 
fever;  where  it  is  absent,  fever  does  not  exist.  All  other  symptoms: 
chills,  nausea,  thirst,  dryness  of  the  skin,  frequent  beating  of  the  heart,  cer- 
tain changes  in  the  secretions,  etc.,  may  he  present : if  the  objectively  de- 
monstrable heat  is  wanting,  we  do  not  include  these  conditions  among  the 
febrile  ones. 

Nervous  symptoms,  as  headache,  aching  pains  in  the  back  and  spine,  disinclina- 
tion to  exertion,  etc.,  occur  frequently  enough,  without  our  being  allowed  to  call 
them  febrile,  and  then  they  are  usually  not  accompanied  by  increased  frequency  of 
the  pulse.  Chills  occur  frequently  without  fever.  Every  severe  and  sudden  cooling 
of  the  surface  of  the  body  produces  the  symptoms  of  a chill,  which  cannot  be  dis- 
tinguished from  a fever-chill  by  mere  observation.  The  best  example  of  this  is  pre- 
sented by  those  who  attempt  to  drown  themselves  in  a cold  season  ami  therefore  remain 
for  a while  in  odd  water  ; they  shiver  with  cold,  even  in  bed,  long  after  removal  from 
the  water.  If  a thermometer  be  applied,  it  shows  neither  during  the  chills  nor 
afterward  any  increase  in  temperature.  Furthermore,  hysterical  and  epileptic  peo- 
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pie  often  have  slight  attacks,  without  loss  of  consciousness,  which,  if  they  are  accom- 
panied by  movements  up  and  down  of  the  lower  jaw,  are  especially,  as  cyanosis  of  the 
lace  is  always  present,  deceptively  like  chills,  but  not  accompanied  by  increase  of 
temperature.  Further  observation  of  their  course  prove  that  they  are  not  febrile. 

The  importance  of  the  state  of  body-heat  in  disease  was  perfectly  appreciated 
even  in  ancient  times.  The  majority  of  authors  accepted  heat  as  the  pathognomonic 
symptom  of  fever,  whose  Greek  as  well  as  Latin  designations  (*vp,  *■  upsrrfs — febris, 
originally  ferbritt,  from  ferveo)  direct  to  the  increased  temperature  as  the  most  impor- 
tant symptom.  But  only  in  modem  times,  after  the  invention  of  the  thermometer, 
did  it  become  possible  to  state  the  deviations  of  temperature  by  measurement,  and  to 
admit  of  their  intelligent  observation. 

After  Sanctoiuus,  the  inventor  of  the  thermometer  (1638),  Boekiiaave  made 
the  first  measurements  of  the  temperature  of  the  sick.  He  says  : “ Calor  febrilis 
thermoscopio  externus,  sensu  ;vgri  et  rubore  urinse  intemus  coguoscitur.  ” Van  Swie- 
ten  gives  further  information  in  regard  to  this  matter  in  his  commentaries  to  Boer- 
iiaave.  Another  pupil  of  Boekiiaave,  de  IIaen  in  Vienna,  continued  the  measure- 
ments of  temperature  methodically,  and  first  published  numbers  in  his  Ratio  medendi. 
De  Haen  discovered  already  in  1700,  that  in  the  chill  of  fever  the  temperature  of 
the  body  is  increased  by  several  degrees.  In  1797  Currie's  studies  were  published, 
but  they  did  not  receive  due  consideration  by  his  contemporaries.  The  influence  of 
the  nervous  system  upon  the  production  of  animal  heat  was  defended  1811  by  Bro- 
die  ; opposed  to  him  was,  among  others,  John  Davy,  1814.  In  1821  Hue  EL  AND 
directed  some  experiments  upon  animal  heat.  Worthy  of  consideration  are  the  in- 
vestigations by  Brescuet  and  Becqcerel  on  the  heat  of  the  different  parts  of  the 
body,  which  appeared  in  1835,  as  also  later  explorations  by  Davy  (1839)  and  those  by 
Mayer  (1842).  These  were  followed  by  more  important  works : 1841,  ANDin®  ; 1842, 
Gierse;  1843,  CnossAT;  1844.  IIall.uann  and  Roger.  In  1846  Zimmek.mann  began 
his  investigations,  and  he  pushed  with  untiring  energy  the  application  of  thermome- 
try at  the  bedside.  In  1850  the  influential  publications  of  Traube  appeared ; in 
1851  the  classical  work, by  von  Barensuruno.  From  these  years  also  date  the  regu- 
lar and  consequentially  prosecuted  investigations  on  the  pathological  conditions  of 
temperature  in  the  Leipzig  Clinic  : by  WUNDERLICH  and  his  pupils.  W.  later  has 
the  credit  of  having  untiringly  pointed  out  the  great  practical  value  of  thermometry, 
and  of  having  thereby  induced  many  to  become  advocates  of  this  method.  Since 
I860  the  explanation  of  the  conditions  of  febrile  temperatures  has  been  especially 
sought  for  by  observation  and  experiment.  * 

Most  frequently  in  modem  times  observations  of  temperature  in  patients 
have  been  made  in  the  axilla  and  rectum ; now  and  then  the  vagina  has 
been  used,  especially-  in  obstetrical  clinics  and  in  cholera,  as  also  the  exter- 
nal auditory  canal  in  those  mentally  diseased.  The  rectum  and  vagina 
have  the  advantage  over  the  axilla  of  being  always  perfectly  equally  warm, 
so  that  in  them  the  thermometer  attains  its  maximum  degree  after  about 
live  minutes.  But  the  skin  of  the  axilla  is  under  ordinary  circumstances 
more  or  less  cooled,  and  must  therefore  be  thoroughly  warmed  to  the  same 
degree  as  the  internal  parts  in  the  neighborhood,  before  the  measurement 
can  be  completed.  This  equal  warmth  is  attained  by  closure  of  the  axilla, 
i.e.,  by  air-tight  pressure  of  the  upper  arm  upon  the  chest,  whereby  it 
becomes  so  to  speak  an  internal  part  of  the  body.  The  time  necessary  to 
do  this  of  course  varies;  on  the  average  10-15  minutes.  In  feverish  con- 
ditions, especially  at  the  time  of  the  so-called  fever-heat,  the  equable  warm- 
ing of  the  axilla  requires  a shorter  time  than  in  normal  temperature,  and 
especially  than  in  a state  of  collapse.  On  account  of  the  necessity  of  clos- 
ing and  thus  warming  the  axilla  equally  for  the  purpose  of  taking  the  tem- 
perature the  time  required  is  considerably  longer  than  if  the  rectum  is 


* It  may  not  be  improper  to  record  in  this  place  that  in  America  the  thermometer 
was  first  used  in  a systematic  way  in  the  New  York  Hospital,  during  the  winter  of 
1865-6,  by  Dr.  W.  H.  Draper  and  the  Editor.  Also  that,  subsequently,  the  spread  ot 
thermometry  has  been  largely  due  to  the  writings  and  personal  efforts  of  Dr.  Edward 
Seguin,  of  New  York. — [Ed.] 
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used.  For  the  same  reason  it  is  not  possible,  by  warming  the  thermometer 
(to  any  degree)  before  placing  it  into  the  axilla,  to  attain  an  accurate  result 
any  sooner  than  otherwise. 

If  peculiarity  in  the  course  of  the  disease  does  not  require  certain  hours, 
it  is  best  to  institute  the  measurements  in  the  morning  between  7-9  o’clock 
and  in  the  afternoon  between  4— G o’clock  ; that  is,  twice  a day.  Twro  obser- 
vations are  sufficient  in  most  cases  ; the  above-mentioned  hours  are  advisa- 
ble, because  the  temperature  in  febrile  diseases  is  usually  lowest  at  about 
the  first-mentioned  time,  and  highest  at  the  last-mentioned. 

The  measurement  had  best  be  taken  by  the  attending  physician  himself  or  by  a 
trustworthy  medical  assistant ; this  ought  unquestionably  be  done,  if  the  results  of 
the  observations  are  to  be  of  scientific  application.  But  if  the  case  be  only  of  practi- 
cal interest  for  the  physician,  an  experienced  and  trustworthy  layman  may  be  sub- 
stituted, as  long  as  the  later  is  controlled  and  corrected  by  the  physician  if  the  state- 
ments appear  remarkable  or  not  consistent  with  the  observation  of  the  physician. 
For  certain  purposes  (the  temperature  during  agony),  and  if  the  reading  of  the  ther- 
mometer is  not  to  be  entrusted  to  the  patient  himself,  Self-registering  thermometers 
are  used.  In  these  the  uppermost  part  (measuring  1 cent.)  of  the  mercurial  column 
is  separated  by  an  air-buble,  and  remains  stationary  when  the  lower  part  of  the 
column  descends  after  removal  of  the  instrument. 

A knowledge  of  the  condition  of  the  heat  of  the  healthy  body  in  the  basis 
for  every  judgment  of  the  results  of  thermometry  in  the  sick.  Rut  it  is  im- 
possible to  maintain  positively  for  certain  degrees  and  under  certain  circum- 
stances, whether  they  belong  in  the  range  of  physiology  or  pathology ; the 
limits  of  both  uj>on  thermoruetrical  grounds  cannot  be  sharply  defined.  But 
it  is  near  the  truth,  especially  by  reason  of  numerous  observations  upon  cured 
patients  or  those  nearly  well  toward  the  end  of  their  convalescence,  if 
we  accept  as  the  lowest  limit  of  the  normal  temperature  within  the  axilla 
of  adults  3G.23-36.3J  C. ; as  highest  limit,  37.5  C.  Rectum  and  vagina 
are  about  one-half  a degree  warmer,  their  limits  therefore  36.8°-38.0® 

All  temperatures  which  pass  these  limits  are  at  the  least  suspicious,  and 
dare  only  be  declared  normal  under  particular  circumstances  and  influ- 
ences. If  now  the  body-heat,  of  man  is  believed  to  be  the  result  of  con- 
tinual productions  and  losses  of  varying  magnitude,  it  must  appear  very 
singular  that  with  doubtless  numerous  and  changeable  processes  the  tem- 
jMimture  of  the  healthy  body  is  almost  at  a constant  height,  autl  that  it 
tiuctuates  only  almost  within  the  limits  of  a single  degree. 

Mammalia  and  birds  also  possess  an  almost  constant  temperature,  i. 1. , their  animal 
heat  is  more  or  less  independent  of  the  warmth  of  the  medium  in  which  they  exist ; 
while  in  other  (cold-blooded)  animals  it  is  considerably  influenced  by  the  tempera- 
ture of  the  medium  : still  the  constancy  of  the  temperature  of  man  is.  though  not 
absolute,  particularly  great,  and  the  variations  occurring  in  a healthy  condition  are 
under  all  circumstances  only  moderate. 

Not  all  parts  of  the  same  body  have  at  the  same  time  exactly  the  same 
temperature,  as  there  are  influences  bearing  upon  local  temperature  in  a 
positive  or  negative  way  : the  amount  of  heat  carried  by  the  blood,  and  by 
direct  conduction  to  the  tissues,  the  heat  produced  locally,  lastly  local  loss 
of  heat,  are  not  uniform  in  different  parts  of  the  body.  Thus  it  is  that 
particularly  the  blood  of  the  upper  extremities,  at  least  that  of  the  peri- 
pheral cutaneous  veins,  is,  in  consequence  of  the  large  amount  of  peri- 
pheral abstraction  of  heat,  considerably  cooler  than  the  blood  of  better 
protected  parts,  e.g.,  the  rectum  and  vagina,  and  thus  may  already  explain 
the  difference  of  temperature  in  these  parts  and  in  the  closed  axilla. 
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Still  more  considerable  are  the  differences  in  temperature  between  these  cavities  and 
the  really  peripheral  parts,  e.g.,  the  fingers,  toes,  ears,  nose,  etc.,  whose  temperature 
because  of  moderate  local  production  is  decidedly  influenced  by  the  amount  of  loss  of 
heat.  The  amount  of  that  difference  can  only  be  determined  with  great  accuracy 
by  thermo-electrical  means.  The  internal  parts  of  the  body  are  the  warmest,  part  ly 
because  they  are  best  protected  from  loss  of  heat,  partly  because  the  change  of  tis- 
sues and  thereby  the  generation  of  heat  is  more  rapid  in  them  than  in  the  periphery, 
excepting  the  moderately  warm  muscles  (Jacobson  found  only  a difference  of  0.5  - 
1.8  C.  between  them  and  the  very  warm  liver:  vide  infra).  Jacobson  and  Beiin- 
ii a k dt  ( Mu l.  Otrlbl.,  1808,  p.  643)  found  by  thermo-electrical  means  almost  always 
the  blood  of  the  left  heart  warmer  than  that  of  the  right,  the  difference  amounting  to 
0. 12  -0.42  C.  Heidknhain  and  K5RNER  (Arch,  f cl.  g.  Phyz. , IV.,  p.  558)  main- 
tain, as  did  also  previous  observers  (G.  v.  Liebig,  Cl.  Bernahd)  the  contrary  ; II. 
considers  as  the  cause  of  the  higher  temperature  in  the  right  ventricle,  the  fact  that 
warmth  is  brought  to  its  walls  from  the  abdominal  cavity.  The  temperature-meas- 
urements in  both  ventricles  do  not  show  figures  for  the  temperature  of  arterial  and 
mixed  venous  blood,  but  values,  which  are  composed  of  the  temperature  of  the 
blood  and  of  the  walls  of  the  ventricles.  This  is  proven  by  the  fact,  that  by  stopping 
the  absorption  of  heat,  or  by  its  abstraction  from  that  part,  the  difference  of  tem- 
perature between  the  ventricles  is  diminished,  is  made  to  cease,  or  is  even  reversed  ; 
while  incrcaseil  absorption  of  heat  makes  it  still  greater.  This  circumstance  speaks 
also  particularly  for  the  importance  of  the  direct  conduction  of  heat  from  layer  to 
layer,  in  opposition  to  the  equalization  of  the  temperatures  of  the  different  parts  of 
the  body  by  means  of  the  circulation.  Jacobson  and  Bernhardt  found  the  pleural 
cavity  constantly  0.2  -0.5  C.,  the  liver  only  at  the  most  0.06  -0.1  C.,  colder  than 
the  left  heart.  The  blood  from  the  vena  cava  inferior  is,  probably  mainly  through 
the  influx  of  blood  from  the  hepatic  veins,  warmer  than  that  of  the  vena  earn  superior  ; 
the  difference  of  temperature  between  liver  and  rectum  amounts  according  to  J. 
( Virch.  Arch.,  LI.,  p.  275),  to  0.5  -1.0  C.  in  favor  of  the  former.  The  temperature 
of  the  brain,  according  to  Mendel  ( Virch.  Arch.,  L. , p.  12)  and  ( previously  to  him) 
Tick,  is  several  tenths  of  degrees  (0.4  -0. 7 -1.0  ' C.)  colder  than  that  of  the  rectum. 


Healthy  people  <lo  not  maintain  under  different  conditions  the  same 
degree  of  temperature.  If,  according  to  numerous  observations,  differences 
appear  in  different  persons  of  the  same  age  and  sex,  they  are  still  more  con- 
siderable in  persons  of  different  ages.  The  unborn  child  is  a very  little 
warmer  than  the  vagina  and  uterus  of  the  mother ; this  difference  proves 
that  the  child  possesses  its  own  sources  of  heat.  At  birth,  infants  show  in 
the  rectum  a temperature  of  37.75°  C.  on  the  average;  of  37  newly  born 
26  had  more  than  37.5°  C.  and  only  1 less  than  36.75°  C.  Directly  after 
birth,  and  particularly  after  the  first  bath,  children  lose  on  the  average 
0.7°-0.8°  C.  ; they  show  on  the  average  37.0°  C.  Of  22  children  only  3 
retained  more  than  37.5°  C.,  and  8 fell  below  3G.75°  C.  In  the  next  few 
days  the  rectal  temperature  again  rises ; it  attains  on  the  average  to  37.6  C. 
This  height  seems  to  be  retained  more  or  less  throughout  infancy,  the  daily 
variations  and  the  influence  exerted  by  extraneous  conditions  being  con- 
siderable, while  both  decrease  toward  pubei-ty.  Toward  and  during 
puberty  the  animal  heat  is  about  0.1°  to  0.2°  C.  less  than  in  early  infancy. 
Healthy  adults  have  the  same  temperature.  Only  in  the  later  years  of  life 
a minute  increase  in  the  average  of  the  temperature  occurs,  so  that  senile 
persons  are  in  this  respect  like  older  children. 

As  regards  sex,  there  is  no  notable  difference  of  body-beat  in  individuals 
of  the  same  age. 

Greater  deviations  of  temperature  are  shown  by  the  same  individuals  at 
different  times  of  the  day.  In  general  the  following  may  be  ace] » ted  as 
constant,  although  several  observations  seem  to  contradict  it.  The  lowest 
temperature  (about  36.5°  C.  in  the  axilla)  is  observed  in  the  healthy  in  the 
middle  of  night,  about  1 or  2 o’clock,  and  remains  for  a short  period  or  for 
many  hours.  " After  awaking  or  in  early  morning  generally,  i.e.,  before  first 
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partaking  of  nourishment,  the  temperature  has  frequently  already  increased 
by  several  tenths  of  degrees,  and  continues  to  rise  until  the  hours  of  fore- 
noon. Then  as  a rule  a slight  decrease  occurs  before  midday,  but  soon  after, 
in  the  afternoon  hours,  there  is  a further  rising  to  the  maximum  of  the  day 
(about  37.5  C.  in  the  axilla),  if  a considerable  temperature  has  not  been 
already  attained  during  the  forenoon.  Close  to  this  maximum,  which  is 
usually  attained  in  the  fifth  hour  f.m.,  the  temperature  remains  for  a variably 
long  time,  so  that  it  afterwards  sinks  quite  slowly  ; in  the  later  hours  of 
evening  this  sinking  continues  usually  w ith  greater  rapidity  until  the  mini- 
mum of  the  night  is  reached.  The  magnitude  of  this  daily  fluctuation  of  the 
animal  heat,  its  highest  and  lowest  limits,  the  time  of  maximum  and  of 
minimum,  the  height  and  time  of  occurrence  as  well  as  the  duration  of  the 
occasional  forenoon  maximum,  the  rapidity  and  amount  of  the  daily  increase 
and  decrease  of  the  temperature,  and  the  proportionate  average  temperature 
are  different  for  unknown  reasons  in  some  individuals,  even  if  they  are  in 
absolutely  the  same  extraneous  circumstances. 

These  individual  differences  may  partly  depend  upon  different  susceptibility  to  those 
influences  which  act  in  the  course  of  daily  life,  among  which  those  of  work  and 
nourishment  are  especially  to  be  considered.  Hut  certainly  the  whole  daily  fluctuation 
cannot  be  explained  by  them  : for  persons  who  eat  nothing  and  are  inactive  during 
the  whole  day  also  present  similar  fluctuations  of  temperature.  A’  present  it  must 
therefore  be  accepted  as  a peculiarity  of  the  organism,  not  yet  understood  in  its  true 
chirac ter.  An  opinion  has  meanwhile  been  given  in  opposition  to  the  other.  Accord- 
ing to  a preliminary  statement  by  KrikgEK  ( Z.fur . Bui.,  V.,  p.  47f>).  the  typical 
course  of  body-heat  is  only  dependent  uj>on  the  individual  mode  of  living  ; it  is 
reversed,  “ as  soon  as  we  sleep  by  day,  wake,  eat,  drink,  and  work  by  night. 

All  muscular  activity  increases  the  temperature.  This  can  already  be 
proven  by  the  muscular  force  which  we  expend  in  order  to  maintain  au 
erect  or  sitting  posture.  Shortly  after  a reclining  position  has  been  taken, 
the  temjieraturo  in  the  axilla  begins  to  fall,  and  often  sinks  several  tenths 
of  degrees  (quite  an  amount,  if  we  take  into  account  the  narrow  limit  of 
the  daily  fluctuation),  again  to  rise  after  re  assuming  the  erect  posture. 
Fatiguing  marches  are  capable  of  producing  a further  increase  of  body-heat, 
in  the  rectum  of  one  half  degree  and  more.  At  night  all  muscular  activ- 
ity usually  ceases,  and  on  that  account  |>erhaps  the  temperature  might  be 
lower  at  this  time  than  during  the  day ; whether  sleep  as  such  lias  an 
extra-depressing  influence,  is  not  proven,  though  it  is  very  probable. 

flie  influence  of  mkntal  activity  upon  the  body-heat,  though  undoubted, 
is  very  much  less  than  that  of  bodily  exertions. 

< >1  physiological  processes,  menstruation,  pregnancy  and  parturition  also 
occasionally  exert  an  influence  upon  the  body-heat.  Menstruation  has  the 
least  effect;  rarely,  without  other  diseased  conditions,  causing  a febrile  tem- 
perature. in  the  last  two  months  of  pregnancy  the  vaginal  temperature 
is  increased  by  several  tenths  of  degrees:  in  the  morning  37.9  -38.35° 
O.;  in  the  evening  38.1°-38.65°  C.  The  pregnant  uterus  is  on  the 
average  0. 15°  C.  warmer  than  the  vagina,  undoubtedly  in  consequence  of 
the  animal  heat  of  the  foetus.  During  labor  there  is  an  increase  of  several 
tenths  of  degrees,  in  such  a way  that  during  the  pains  and  immediately 
after  them  the  temperature  rises  somewhat,  but  in  the  interval  between  the 
pains  it  again  sinks.  The  daily  fluctuation  of  the  healthy  state  is  at  the 
same  time  not  much  altered.  Immediately  after  giving  birth  a decrease  of 
temperature  frequently  seems  to  take  place,  but  it  is  soon  after  and  during 
the  course  of  the  parturian  mouth  frequently  slightly  increased.  Even  if 
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the  temperature  be  at  first  perfectly  normal  some  puerperal  disease  may 
still  occur  at  a later  period. 


Animals  and  human  beings  become  heated  during  coition.  The  maximum  of  this 
heat  does  not  exceed  2°  C.  ; this  increase  in  temperature  is  not  in  consequence  of 
movements  ; it  is  present  in  both  sexes.  It  is  the  best  explanation  for  the  fatiguing 
effect  of  coitus,  for  the  consequently  occurring  hunger,  eta  (Waltuer  Med  Cen- 
tralbl. , 1864,  No.  51.)  ’ 

The  influence  of  external  cold  and  warmth  upon  bodily  heat  in  the 
healthy  presents  very  complicated  conditions.  First,  almost  never  does  either 
act  alone  upon  the  organism,  but  they  are  combined  with  some  not  indifferent 
medium,  in  cold  and  hot  baths,  the  effects  of  the  water ; in  cold  and  warm 
air,  its  degree  of  dampness,  its  movements,  and  its  degree  of  pressure;  in 
drinks,  besides  the  water,  the  other  ingredients  of  these  fluids  must  be  con- 
sidered ; and  it  is  not  always  possible  to  calculate  accurately  bow  much  of 
the  effect  is  due  to  thermic  influences  and  how  much  to  these  incidental 
influences.  The  most  important  facts  are  the  following : Moderate  action 
of  cold  upon  the  surface  of  the  body  increases  the  temperature  of  the  inter- 
nal parts.  So  the  thermometer,  retained  in  the  closed  axilla,  rises  a very 
little  during  undressing  in  a cold  room,  also  on  application  of  a cool  full, 
half,  or  sitting  bath,  if  continued  for  a short  time.  Application  of  longer 
duration  of  moderate,  but  especially  of  intense  cold,  decreases  the  body-heat 
decidedly.  Warm  baths,  being  in  warm  air,  increase  the  temperature, 
though  only  moderately.  So  does  living  in  a warm  climate.  Cold  drinks, 
in  sufficient  quantity,  diminish  the  body-heat,  and  this  can  be  reduced  about 
one  degree  by  partaking  abundantly  of  cold  water. 

The  kind  and  quantity  of  nourishment  have  only  a very  limited  influence 
upon  the  body-heat,  as  long  as  the  individual  is  healthy.  Without  doubt 
any  increase  in  the  production  of  heat  induced  by  it  is  instantly  compen- 
sated by  increased  radiation  of  heat,  and  so  the  equilibrium  is  not  disturbed. 
A meal,  especially  the  first  in  the  day,  appears  to  increase  the  body-heat 
considerably  more  than  the  others  taken  in  the  course  of  the  day ; a late 
supper  also  appears  to  be  able  to  defer  somewhat  the  fall  of  temperature. 
Deprivation  of  nourishment  only  influences  the  temperature  if  health  begins 
to  suffer  in  consequence.  Ingestion  of  alcohol,  according  to  numerous  ob- 
servations, reduces  the  temperature ; strong  coffee  and  tea  increases  it. 

Large  losses  of  blood  are  usually  followed  by  a decrease  of  temperature, 
of  short  duration,  but  which  is  soon  compensated  by  a new  increase.  After 
venesection  this  new  increase  is  said  to  exceed  the  previous  temperature. 

All  fluctuations  in  the  degree  of  body-heat  in  the  healthy  are,  according 
to  what  has  been  adduced  above,  almost  insignificant,  and  certainly  only 
temporary  ; after  every  deviation  upward  or  downward  an  effort  is  made  in 
the  reversed  direction.  Every  accidental  interruption  in  the  order  of 
things  is  instantly  equalized  in  the  healthy. 

The  exceeding  importance  of  temperature-measurements  to  pathology  is 
indicated  in  the  law,  that:  every  one  is  sick  whose  temperature  is  not 
within  the  limits  of  health,  even  if  he  should  feel  subjectively  well 
and  healthy.  But  a normal  temperature  may  exist  even  in  disease. 

According  to  this,  it  can  be  proven  by  a single  measurement  whether  a 
person  is  sick.  But  not  only  this : a single  measurement  frequently  gives 
important  indication  for  the  diagnosis  and  prognosis  of  the  case.  But  the 
latter  is  onlv  made  possible  by  a thorough  acquaintance  with  the  laws  of  tho 
course  of  temperature  in  various  diseases,  as  taught  by  special  pathology. 
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But  much  more  complete  is  the  insight  into  the  conditions  of  a case  we 
gain  by  regularly  repeated  measurements.  It  is  most  useful  to  make  two 
observations  a day,  morning  and  evening,  at  about  the  same  hour.  More 
frequently  repeated  observations  will  give  a truer  and  more  comprehensive 
representation  of  the  disease,  and  thereby  aid  the  judgment  in  regard  to 
some  occurrences.  For  the  state  of  the  temperature  is  undoubtedly  in  many 
acute  diseases  the  truest  reflection  of  the  general  disorder  of  the  organism. 
Moreover,  many  local  disorders  can  be  recognized  by  the  condition  of  the 
tempeiiiture,  and  many  complications  and  modifications  of  the  usual  condi- 
tion can  only  be  demonstrated  by  the  abnormal  state  of  the  body-heat,  or  at 
least  first  detected  through  it.  In  the  same  way  the  condition  of  the  tem- 
perature frequently  makes  it  possible  to  judge  of  the  intensity,  and  thereby 
of  the  prognosis  of  a case,  inasmuch  as  the  latter  is  often  dependent  upon 
the  intensity  of  the  fever : for  by  unusual  height  of  fever  and  its  continued 
duration  alone,  death  can  be  produced. 

The  state  of  temperature  is  most  practically  recorded  by  marking  with  dots  the 
different  observations  upon  a chart  divided  iafco  abscissa)  and  ordinatae,  and  uniting 
these  dots  by  lines,  a curve,  the  tkmi'KKati  uk  or  kkvkk-cikvk,  is  produced.  By 
means  of  this  simple  mode  of  representation  it  is  exceedingly  easy  to  keep  in  mind 
the  different  observations : by  a single  glance  at  this  curve  it  is  frequently  possible 
to  form  a diagnosis  of  the  case,  to  see  the  necessity  of  employing  other  methods  of 
examination,  to  recognize  the  stage  of  the  disease,  and  to  predict  the  fatal  termina- 
tion. 

As  in  all  conditions,  so  also  do  we  find  in  thermometry  a gradual  transi- 
tion from  health  to  disease:  a sharply  defined  limit,  a certain  temperature 
as  limit  for  both  cannot  be  stated,  neither  as  a principle  nor  in  a given 
oise.  Between  the  undoubtedly  normal  and  undoubtedly  morbid  figures 
there  are  only  a few  tenths  of  a degree  downward,  but  particularly  upward, 
of  neutral  ground. 

In  many  diseased  conditions  the  anomaly  of  body-heat  exists  in  nothing 
but  in  a greater  fluctuation  of  the  tern |h- future.  Moderate  influences  pro- 
duce more  readily  and  more  considerable  deviations  from  tins  normal  heat, 
the  daily  fluctuations  are  of  larger  range,  the  daily  maximum  is  somewhat 
higher,  the  daily  minimum  somewhat  lower,  slight  accidental  disturbances 
of  the  general  health  induce  unusual  increase  or  decrease,  though  of  short 
duration;  in  short,  the  regular  temperature-curve  of  the  healthy,  which  is 
the  same  day  by  day,  is  changed  either  permanently  or  at  least,  on  more  or 
less  numerous  days,  in  greater  or  smaller  degree.  The  conditions  in  which 
this  state  of  the  body-heat  is  present,  occur  very  frequently.  They  are  not 
only  decided  slight  acute  and  chronic  diseases,  but  also  frequently  onlv  a 
certain  feoling  of  ill-health,  irritability,  continued  fatigue,  disordered  diges- 
tion, etc. 

A erv  frequently  in  disease  the  animal  heat  is  at  all  times,  or  at  least  in 
the  evenings,  moderately  increased,  more  rarely  decreased,  particularly  in 
the  morning.  Some  more  considerable  increases  or  decreases  may  occur 
during  this  time.  Ibis  condition  is  present  in  slight  acute  or  chronic  dis- 
orders, and  especially  in  convalescence ; the  temperature  is  frequently  de- 
creased in  certain  forms  of  insanity. 

Some  characteristic  forms  of  abnormal  temperature  are  insensibly  added 
to  these  deviations,  without  the  general  condition  being  sufficiently  well- 
marked  by  the  state  of  the  temperature.  Only  an  essential  and  very  char- 
acteristic as  well  as  practically  important  peculiarity  of  the  abnormal  con- 
dition of  the  constitution,  is  thus  expressed  by  the  temperature. 
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TEMPERATURE  IN  CHILI.,  ETC. 


In  a CHILL  the  warmth  of  the  body  is  usually  considerably  increased;  it 
amounts,  as  a rule,  to  40°  C.  and  more.  But  the  skin  of  the  parts  of  the 
extremities  distant  from  the  trunk  (hands  and  forearms,  feet  and  calves),  as 
also  a part  of  the  face  (nose,  chin,  ears,  forehead),  presents,  as  a rule,  a 
more  or  less  considerable  decrease  of  temperature.  A subjective,  very 
severe  feeling  of  cold  is  experienced.  Combined  with  this  are  usually 
pallor  of  the  skin,  with  cyanotic  discoloration  of  the  nails  and  other  parts, 
automatic  and  convulsive  movements  (yawning,  chattering  of  the  teeth, 
trembling),  and  severe  nausea  with  thirst,  headache,  vomiting,  etc.  As  a 
rule,  the  chill  occurs  in  the  beginning  of  a febrile  disease,  or  of  an  attack 
of  fever,  after  it  has  been  preceded  about  one-half  to  two  hours  by  a gra- 
dual slow  increase  of  the  temperature  of  the  trunk  (at  times  very  slight.,  at 
others  more  considerable),  occasionally  also  by  the  increase  of  a subnormal 
temperature  to  the  normal  line  or  above  it.  The  chill  lasts,  as  a rule,  only 
for  a short  time,  about  one-half  to  two  hours,  and  during  it  the  temperature 
of  the  trunk  usually  rises  very  considerably.  Gradually  the  chill  subsides, 
and  disappears  with  occasional  recurrence  of  short  duration,  especially  after 
exposure,  while  the  feeling  of  warmth  extends  to  the  peripheral  parts  which 
were  more  or  less  cold  since  the  beginning  of  the  chill,  or  even  since  the 
first  increase  of  temperature.  The  animal  heat  attains  its  maximum  occa- 
sionally at  the  termination  of  the  chill,  more  frequently  in  the  subsequent 
stage  of  heat.  Its  further  course  depends  upon  the  disturbances  which 
caused  the  chill ; and  it  is  worth  mentioning  that  the  sensation  of  cold,  as 
well  as  the  other  symptoms  of  chill,  are  regularly  entirely  absent,  notwith- 
standing a perhaps  considerable  and  rapid  decrease  of  temperature  consecu- 
tive to  the  chill,  even  if  it  falls  beneath  the  normal. 

But  all  the  subjective  and  most  of  the  objective  symptoms  of  a chill  may  occur 
without  any  rise  of  temperature,  e.g. . after  severe  irritation  of  sensitive  nerves,  after 
immediate  introduction  of  toxic  substances  into  the  circulation  (nervous  chills)  ; on 
the  other  hand,  the  temperature  may  under  the  same  circumstances,  which  are 
usually  present  in  a chill,  rapidly  rise,  without  a trace  of  chilly  feeling  appearing  : 
rises  of  temperature,  especially  rapid  ones,  and  symptoms  of  chill  are  therefore  fre- 
quently, but  not  necessarily  combined. 

Attacks  of  chills  occasionally  occur  with  a falling  temperature,  e.g.,  dur- 
ing large  haemorrhages  (chills  of  collapse) ; occasionally  with  very  greatly 
increased  temperature,  without  coolness  of  the  peripheral  parts  and  without 
any  other  known  cause  (e.g.,  in  pyaemia).  On  the  other  hand,  coolness  of 
the  periphery  exists  frequently  without  chilliness,  eveu  with  increased  or 
increasing  temperature  of  the  trunk.  All  this  tends  to  show  that  the  chill 
is  a symptom-group,  whose  several  parts : deviation  of  temperature,  abnor- 
mal sensations,  and  other  objective  symptoms,  do  not  necessarily  depend  one 
upon  the  other. 

Fever-heat  depends  upon  increased  animal  heat  of  the  body  without  the 
group  of  other  subjective  and  functional  phenomena,  which  characterize  a 
chill,  it  may  follow  this,  but  can  also  arise  directly  from  the  normal  tem- 
perature without  any  sign  of  a chill.  Its  intensity  varies  consideiablv. 
Occasionally  only  the  increased  temperature  appears  to  bo  present;  but 
most  frequently  other  symptoms  occur  with  it.  Most  remarkable  are  the 
changes  in  the  pulse,  in'  the  secretion  of  urine,  in  respiration  ; the  sensation 
of  subjective  heat,  thirst,  debility,  discomfort;  furthermore,  functional  dis- 
orders of  different  kinds  without  organic  diseases:  want  of  appetite,  disor- 
dered digestion,  restless  sleep,  fatigue,  weakened  psychical  activity,  increased 
irritability  and  sensitiveness;  lastly,  consumption  of  the  tissues  and  de- 
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crease  in  the  weight  of  the  body.  But  the  increased  temperature  and  the 
degree  of  its  increase  are  not  in  constant  relation  with  any  of  the  symp- 
toms enumerated,  although  in  some  cases  of  disease  its  influence  is  unmis- 
takable, even  preponderating.  On  account  of  the  incongruity  of  the  tem- 
perature and  the  other  disturbances,  it  must  not  be  supposed  that  the  tem- 
perature is  not  a criterion  for  judging  of  the  constitutional  state,  and  that  its 
observation  is  unnecessary  ; for  experience  teaches  that  it  gives  a truer 
insight  into  the  course  of  disease  than  any  other  symptom  of  fever,  yes, 
even  than  all  other  symptoms  combined.  The  distribution  of  fever-heat 
over  the  different  parts  of  the  body  is  frequently  not  uniform,  inasmuch  as 
the  face,  head,  hands,  are  occasionally  esj>eciallv  hot,  occasionally  cooler. 
There  is,  therefore,  frequently  a contrast  between  the  temperature  of  the 
trunk  and  that  of  the  periphery. 

Collapse  is,  as  also  frequently  the  chill,  an  accidental,  more  or  less 
isolated  condition,  occurring  in  the  course  of  the  disease  and  modifying  it 
in  important  points,  and  which,  if  of  a certain  intensity,  attracts  all  atten- 
tion for  a time,  and  causes  the  main  disorder  to  be  overlooked  for  a while, 
lake  chill  and  fever-heat  it  is  a constitutional  disorder,  characterized  by  a 
disturbance  of  temperature,  in  important  points  tho  reverse  of  the  latter, 
resembling  the  former,  es{iecially  in  regard  to  local  cold,  at  least  in  peri- 
pheral parts.  It  is  always,  even  if  comparatively  much  protracted,  of 
short  duration ; but  it  exceeds,  if  at  all  well  marked,  the  duration  of  com- 
mon chills.  Its  intensity  is  very  variable.  In  the  slightest  degrees  the 
patient  makes  no  complaint;  all  objective  symptoms,  especially  fever  or  a 
condition  without  fever,  continue  the  same,  but  nose,  cheeks,  forehead,  ears, 
hands,  feet  are  frequently,  without  being  noticed  by  the  patient  or  without 
causing  him  to  feei  any  worse,  cold  without  extraneous  influence  of  cold. 
From  these  slightest  degrees  the  collapse  passes,  by  hardly  noticeable  de- 
grees, to  the  most  intense  form,  in  which  the  patient  lies  pale,  motionless, 
and  almost  without  any  signs  of  life,  similar  to  a corpse,  icy  cold  over 
almost  the  whole  body,  with  hardly  perceptible  pulse,  hardly  noticeable 
respiration;  the  skin,  devoid  of  turgor,  is  usually  covered  with  abundant 
cold  perspiration.  Disagreeable  sensations,  a feeling  of  the  greatest  weak- 
ness, disfigured  features,  sunken  eyes,  oppression,  dizziness,  fear,  nausea, 
confused  perceptions  of  the  senses,  accompany  occasionally  even  the  lower, 
most  frequently  the  higher  degree  of  collapse  in  a more  or  less  well-marked 
manner.  The  most  important  change  of  temj»eraturo  in  the  symptom- 
group  of  collapse  is  the  local  decrease  of  animal  heat,  esjK'cially  at  the 
periphery.  The  temperature  of  the  internal  organs  rnay  be  various : it  may 
be  normal,  decreased  to  the  lowest,  but  also  increased  to  the  highest  degrees. 
During  the  development  of  the  collapse  the  body-heat  may  be  in  a decided 
state  of  decrease  or  of  increase,  and  may  present  any  condition  during  its 
duration  independently  of  the  condition  at  the  commencement  of  the  col- 
lapse, especially  near  the  lethal  termination,  which  frequently  occurs  during 
its  course  it  it  is  of  excessive  degree.  Notwithstanding  this  apparent  dis- 
order and  irregularity,  certain  conditions  are  present  to  which  the  collapse 
can  be  ascribed : abundant  loss  of  heat  and  feebleness  of  the  circulation,  in 
consequence  of  which  the  peripheral  losses  of  heat  cannot  be  sufficiently 
replaced.  Both  conditions  may  become  active  with  the  various  conditions 
of  warmth  in  the  internal  parts,  and  still  have  the  same  effect:  cooling  of 
the  periphery  of  the  IkkIy.  We  accordingly  distinguish  collapse  with  high 
from  that  with  low  degree  of  body-heat. 

The  former  is  observed  especially  iD  the  most  intense  cases  of  severe  febrile  affections, 
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chronic  as  well  as  more  particularly  acute,  because  the  heart’s  activity  is  most  weak- 
ened by  the  unusual  increase  of  animal  heat ; it  therefore  frequently  introduces  the 
agony.  Collapse  with  low  degrees  of  body-heat  is  also  frequently  a collapse  of  agony, 
os  toward  death  the  production  of  heat  is  frequently  (especially  in  chronic  diseases) 
reduced  to  a minimum.  Besides  these  we  must  also  distinguish:  collapse  of  the 
definitive  defervescence  at  the  close  of  the  febrile  period  of  acute  diseases;  the  remis- 
sion-collapse in  the  remittent  fever  of  severe  acute,  still  more  frequently  chronic  dis- 
eases, which  frequently  recurs  regularly,  and  then  is  usually  of  short  duration ; the 
collapse  in  intermittent  forms  of  fever,  which  may  follow  the  chill,  or  the  fever-stage, 
or  the  stage  of  the  subsiding  fever  in  pernicious  cases;  finally,  the  incidence-collapse 
occurring  accidentally  in  any  stage  of  disease.  Collapses  occur  in  persons  apparently 
perfectly  healthy,  as  also  in  those  already  diseased,  particularly  the  seriously  diseased 
and  considerably  weakened  by  disease,  especially  in  sensitive  originally  feeble  per- 
sons. as  women,  children,  aged  persons,  amende  individuals,  drunkards.  Their  occa- 
sional causes  are : over-exertion  of  physical  as  well  as  mental  form,  e.g.,  sudden 
emotional  shocks,  severe  diarrhoeas,  eating  large  quantities  of  indigestible  food,  severe 
vomiting,  profound  narcosis,  intense  pains,  even  sitting  in  bed,  or  a normal  passage 
from  the  bowels  ; certain  diseased  conditions,  as  perforation  of  pleura  and  peritoneum, 
intoxications  and  infections,  especially  cholera;  lastly,  considerable  natural  or  arti- 
ficial losses  of  blood.  The  body -heat  falls  in  these  collapses  almost  regularly,  fre- 
quently in  a very  dangerous  degree ; not  rarely  they  induce  unexpected  and  rapid 
appearance  of  agony.  Their  duration  in  convalescents  is  very  various : occasionally 
very  short,  minutes  or  a few  hours,  occasionally  they  last  one  or  even  several  days. 


Of  the  several  points  which  are  op  importance  in  regard  to  the 
condition  of  body-heat  in  disease,  the  following  need  mentioning:  local 
deviations  of  temperature,  the  possible  maximum  and  minimum  degrees,  the 
height  of  the  fever  and  the  temperature-values  in  general  in  their  different 
relations,  the  daily  fluctuations,  the  types  of  fever ; lastly,  the  general  course 
of  the  temperature  in  febrile  diseases. 

The  deviations  from  the  normal  temperature  in  the  sick  are  partly  local 
and  restricted  to  some  portions  of  the  body,  partly  general  and  more  or 
less  equally  distributed  over  the  entire  body.  This  statement  is  not  per- 
fectly true,  inasmuch  as  in  evidently  general  anomalies  more  moderate  local 
excesses  are  frequent,  and  with  sufficiently  large  local  deviation  the  gen- 
eral temperature  also  shows  fluctuations;  still  it  can  be  retained  as  useful  in 
practice. 

An  abnormally  increased  local  temperature  has  been  observed, 
especially  in  inflammations  and  in  paralyses.  As  a rule,  measurements  of 
inflamed  parts,  which  have  been  maiidy  taken  in  wounds,  show  a lower  tem- 
perature than  the  rectum  or  the  axilla ; still  some  exceptions  are  adduced,  to 
the  disadvantage  of  at  least  the  latter.  But  distinct  differences  were  shown 
between  the  figures  thus  obtained  and  the  temperature  of  the  corresponding 
parts  of  the  other  half  of  the  body,  or  of  the  same  parts  in  a healthy  condi- 
tion. In  paralyses,  especially  hemiplegia,  the  palsied  limbs  are  usually  at 
first  somewhat  warmer,  rarely  are  both  sides  equal,  almost  never  is  the 
healthy  one  warmer.  Cure  of  the  paralysis  brings  back  the  thermometric 
equilibrium,  development  of  paralytic  atrophy  causes  a lower  temperature 
than  that  of  the  healthy  side.  One-sided  increase  also  occurs  in  hysterical 
persons.  Partial  decrease  of  body-heat  frequently  exists  in  mortified, 
cedematoxis,  palsied  parts  of  the  body. 

M.  HUPPERT  (Arch.  d.  Ileilk. , 1873,  XTV.,  p.  73)  proved  by  careful  examinations 
the  influence  of  the  condition  of  inflammation  after  an  operation  for  hydrocele  upon 
both  local  and  general  temperatures. 

By  far  the  most  important  are  the  deviations  OF  TnE  general  tempera- 
ture IN  DISEASE. 
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The  possible  minimum  of  animal  heat  in  a sick  person  as  well  as  the 
possible  maximum  cannot  be  positively  stated,  and  is  certainly  very 
different  in  each  individual. 

The  maximum  found  in  a living  person  (case  of  tetanus  during  the  agony) 
was  44.75°  C.  in  the  axilla  ; an  increase  above  42  in  convalescents  is  very 
rare,  only  few  examples  are  recorded  in  literature.*  Errors  of  observation 
most  easily  occur  with  low  degrees  ; and  those  parts  permitting  the  measure- 
ment, even  if  well  protected,  cannot  in  unusually  low  degrees  of  heat  be 
taken  as  an  index  of  the  tcnqieraturo  of  the  internal  organs.  The  lowest 
values,  to  about  25°  G\,  have  been  observed  near  death  (but  yet  even 
several  days  before  the  end),  certainly  under  partly  quite  abnormal  ex- 
ternal circumstances,  in  the  insane,  who  seem  to  have  a greater  tendency 
to  low  temperatures  than  those  mentally  healthy.  In  the  latter  a fall  to 
about  33  0.  in  the  axilla  occurs  exceedingly  rarely. 

Put  eh  ( Gat.  hebd.,  1872,  No.  4 c-t  6)  observed  in  a woman  38  years  of  age,  who 
haft  spent  a winter  night  insensible  and  drunk  in  the  open  air,  26'  C.  in  the  vagina. 
She  recovered,  the  temperature  rising  within  six  hours  10.3  Bouhnkviuk  (£« 
Mvur.  inul,  ts73.  No.  9;  fouud  in  a man  45  years  old,  who  had  been  exposed  naked 
to  the  cold.  27.4  C. ; death  occurred  after  V*  hours  with  36.2 ' C.  He  also  observed  in 
uraemia  before  death  a decrease  to  28. 1 ; C.  L3wenuauijt  (AUg.  Z.  f.  P*ych.,  XXV., 
p.  685)  found  in  the  insane,  who  lost  more  warmth  on  account  of  their  condition 
(uncleanliness,  tendency  to  exposure  1.  during  the  latter  period  of  life  very  low  degrees, 
fluctuations  for  days  between  20"  and  31  C.t  at  death  a fall  to  23.70  C. 

The  simplest  division  of  grades  of  temperature  which  come  under  obser- 
vation in  the  sick,  is  into  normal,  sub  normal,  and  into  super  normal  or 
FEBRILE. 

Normal  grades  occur  in  many,  especially  patients  having  chronic  dis- 
eases, and  in  them  the  temperature  may,  as  it  fluctuates  between  the  normal 
limits,  present  sometimes  the  same  course  as  in  the  healthy,  sometimes 
remain  nearer  to  the  higher  or  lower  limit,  sometimes  show  an  irregu- 
lar condition.  At  any  rate,  the  tendency  to  excessive  temperature  winch 
characterizes  the  sick,  exists  here  also. 

Sub-normal  temperatures  appear  exceptionally  during  a longer  period 
usually  only  at  the  time  of  the  subsidence  of  fever,  as  excessive  temperature 
decreases,  or  in  the  agony  ; also  under  particular  influences,  bleeding, 
col  lapse- conditions.  It  is  well  to  distinguish  sub-normal  values  (about  35°  0. 
for  the  axi  1 la-measurements)  in  the  milder  states,  and  collapse- temperatures 
(under  35°  C.)  in  conditions  of  collapse. 

lly  far  most  frequently  super-normal  values  exist  in  the  sick.  It  is  best  to 
term  axilla-temperatures  up  to  38.0°  C.  as  high-normal;  from  38.r~38.5° 
( ’.  as  nun-febrile  ; from  38. 6°— 39.0°  as  slightly  febrile;  from  39°— 

40"  C.  as  febrile;  over  40  0.  as  high-febrile;  over  41  "to  41.5°  C.  as 
hypekpyrktic.  ( 1 he  values  for  the  rectum  and  vagina  are,  as  before  men- 
tioned, about  lndf  a degree  higher.) 

LemjKM  atures  under  38.1  ( are  to  be  designated  as  high-normal  or  non- 
fehkile,  because  they  frequently  occur  in  decidedly  non-feveriah  patients. 
Even  healthy  ] persons  with  greater  sensitiveness  to  external  influences, 
especially  children,  and  therefore  al'jo  convalescents,  show  such  an  increase 
ol  temperature,  e.g. , not  rarely  after  an  abundant  meal,  after  unusual  mus- 

A truly  extraordinary  case  of  recovery  after  much  higher  temperature  than  ever 
before  observed  is  related  at  length  in  the  London  Lanc-et,  March  6,  1875,  by  Mu. 
1 KALE.  In  this  patient  injury  to  the  spine  caused  hyperpyrexia,  lasting  many 
weeks,  the  maximum  b-ing  50  C.  For  further  details  see  SEQUIN,  On  Thermometry, 
N.  Y.,  1876,  p.  220.- [fcln.J  ’ 
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cular  exertion  ; but  it  arises  with  more  difficulty,  the  stronger  and  the  mere 
capable  of  resistance  the  organism  is,  the  more  firmly  health  has  been  re-es- 
tablished. In  the  sick  it  depends  upon  co-existing  circumstances  whether 
the  existence  of  fever  is  to  be  accepted  or  not.  We  would  decide  for  the 
slightest  degree  of  fever  sooner,  if  the  suspicious  high-normal  value  is  observed 
in  the  morning,  before  any  food  has  been  taken,  after  a long  rest  in  bed, 
than  if  it  occur  under  the  reverse  circumstances. 

All  axillary  temperatures  above  38.0°  C.  are  at  the  least  suspicious,  and  a few 
tenths  more  prove  with  certainty  that  a slight  fever  exists.  To  establish  whether  in 
a certain  case  moderate,  considerable  or  intense  fever  exists,  it  is  necessary  to  note 
particularly  the  hour  of  the  observation.  By  equal  temperatures  the  various  figures 
are  the  more  important,  and  speak  the  more  for  a considerable  intensity  of  the  fever, 
the  earlier  they  are  observed  in  the  morning,  i. e. , at  a time  when  a subsidence  of  the 
fever  usually  occurs.  Slight  maladies  are  generally  characterized  by  slightly  febrile 
and  febrile  temperature-values,  the  latter  at  least  in  the  hours  of  evening,  while  the 
curves  of  severe  cases  and  of  serious  diseases  generally  show  these  degrees  of  heat, 
even  at  the  time  of  subsidence  of  fever;  and  give,  besides,  especially  in  the  evening, 
the  high-febrile  values.  In  a very  severe  fever  the  morning  temperatures  also  are 
high-febrile. 

Hypekpyretic  temperatures  are  such  as  considerably  exceed  even  the 
high-febrile,  and  which  are  by  no  means  to  be  merely  viewed  as  an  expres- 
sion of  a very  intense  fever.  Their  cause  is  undoubtedly  in  other  cir- 
cumstances ; they  mainly  depend  either  upon  infecting  influences,  or  are 
a symptom  of  beginning  and  rapidly  progressing  general  paralysis.  In  the 
latter  case,  they  occasionally  occur  at  the  termination  of  diseases  in  whose 
course  the  febrile  element  was  absent  or  only  slightly  developed,  in  the 
form  of  a very  intense  increase  of  short  duration. 

Undoubtedly  dependent  upon  the  specific  influence  of  infection  are  the  hyperpyretio 
temperatures,  or  such  extraordinarily  high  ones  bordering  on  them  (41  °-42°C.  and  more), 
very  commonly  observed  in  paroxysms  of  malarial  forms,  frequently  in  the  course  of 
relapsing  fever.  If  such  extreme  values  in  these  diseases  do  not  predict  danger,  or  at 
least  no  especial  danger,  this  is  not  the  case  if  they  occur  in  other  diseases,  as  typhoid 
fever,  scarlatina,  measles,  small-pox,  pneumonia,  puerperal  fever,  pytemia,  malignant 
rheumatism,  meningitis  of  the  convexity,  etc.,  for  here  they  frequently  precede  the 
period  which  terminates  in  agony.  If  in  these  cases  the  temperature  rises  to  41.5°  C. 
the  chance  for  recovery  is  very  small ; at  41.75°  C.  death  is  almost  certain. 

Premonitory  symptoms  of  paralysis  are  the  suddenly  and  unexpectedly 
occurring  hyperpyretio  temperatures  during  a non-febrile  or  slightly  febrile 
course,  especially  in  diseases  of  the  central  nervous  system,  in  tetanus,  epi- 
lepsy, tumors,  injuries,  etc.  The  temperature  may  here  rise  enormously 
in  a few  hours,  to  44°  C.  and  more. 

The  diagnostic  value  of  the  absolute  height  of  a certain  temperature  by 
itself  is  very  slight.  The  formation  of  the  prognosis  is  more  possible,  at 
least,  in  abnormally  high  or  low  temperature  values.  These  are  symptoms 
of  approaching  death,  or  at  least  of  decided  danger,  with  the  restriction 
that  in  certain  diseases  (vide  supra)  even  unusually  high  figures  may  still 
admit  of  hope  for  a favorable  termination.  Besides,  the  temperatures 
usually  attained  are  different  in  some  diseases  : e.cj .,  a height,  which  is  a 
rule  in  one  affection,  forms  a dangerous  exception  in  another. 

The  individuality  of  the  patient  must  moreover  be  kept  in  mind  when 
judging  the  result  of  a measurement. 

In  CHILDREN  the  body-heat  in  disease  has  in  general  the  same  significa- 
tion as  in  adults,  but  it  presents  frequently  a more  sudden  change  of  tern- 
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perature  and  on  the  average  a higher  degree  than  in  older  persons,  at  least  in 
simple  catarrhal  and  inflammatory  disorders.  The  temperature  changes 
more  rapidly  after  incidental  influences,  and  reacts  upon  them  more  consider- 
ably. To  infancy  especially,  therefore,  ephemeral  febrile  attacks  without 
any  important  cause  belong.  A high-febrile  temperature  is  not  by  far  of  the 
same  importance  in  them  as  in  adults,  although  it  requires  the  most  care- 
ful observation ; and  where  adults,  e.<j.,  in  convalescence,  show  a normal 
temperature,  we  frequently  find  in  children  a moderate  increase.  Therefore 
no  sudden  conclusions  should  be  drawn  from  the  first  observation  in  chil- 
dren. 

Senile  persons  and  those  in  advanced  age  frequently  present,  on  the  con- 
trary, in  disease  temperatures  which  are  a half  to  a whole  degree  or  still  less 
than  the  average  height  which  is  reached  iu  the  same  disorder  in  younger 
individuals  ; the  low  tern  perature- values  of  collapse  also  occur  more  fre- 
quently in  the  former  than  in  the  latter.  Already  at  the  age  between  forty 
and  fifty,  and  in  exceptional  cases  even  before  forty,  remarkably  low  values 
are  occasionally  found.  If  this  is  not  taken  into  consideration  the  seem- 
ingly moderate  temperature  may  easily  misguide  in  regard  to  the  form  and 
danger  of  the  disease,  especially  at  the  first  measurement  and  before  a cer- 
tain diagnosis  has  been  arrived  at.  Febrile  affections  in  senile  j>ersons  are 
therefore  never  to  be  lightly  treated. 

Many  women  and  irritable  individuals  generally  in  middle  age  show 
occasionally  a similar  condition  of  temperature  as  children. 

The  time  of  day  at  which  the  observations  are  made  must  be  considered 
in  every  application  of  the  result  of  the  measurement.  For  never  does  the 
body-heat  of  a sick  person  remain  during  a period  of  twenty-four  hours  at 
the  same  point,  and  observations  which  record  a certain  temperature  as  last- 
ing throughout  the  day  are  certainly  false. 

The  daily  FLUCTUATIONS  are  in  the  sick  usually  more  extensive  than 
in  the  healthy.  It  is  quite  common  to  find  that  the  temperature  of  a 
patient  changes  by  1-1^  degrees  in  the  course  of  a day,  and  it  may  change 
for  far  more  considerable  values  (6-8  degrees)  ; it  may  also  present  a dif- 
ferent record  on  different  days  in  the  same  patient,  ami  also  change  in  dif- 
ferent patients  with  the  same  disease.  Minute  fluctuations,  with  high  tem- 
perature, indicate  a considerable,  moderate  fluctuation  with  lower  tempera- 
ture, a moderate  intensity  of  fever.  Very  considerable  fluctuations  occur 
with  an  irregular  course  of  fever,  as  well  as  with  complications. 

To  get  a clear  representation  of  the  condition  of  the  fever-temperature  in  the 
course  of  a period  of  twenty-four  hours,  observations  should  be  made  as  frequently  as 
possible ; if  possible  with  a thermometer  continuously  retained  in  its  position,  and  the 
separate  observations,  recorded  upon  a chart  -tide  supra),  united  by  means  of  a 
curve.  This  is  the  curve  of  the  daily  fluctuation. 

lour  stages  are  distinguished  in  the  daily  fluctuation.  The  stage  in 
which  the  temperature  rises  considerably,  is  called  increase,  exacerba- 
tion, ascension  ; that  in  which  it  sinks,  decrease,  remission,  period  of 
subsidence,  dk$<  knsion.  Between  the  tw  o is  the  curve-point,  the  height  of 
exacerbation,  whose  highest  point  is  called  the  daily  maximum.  The  dis- 
tance of  the  excursion  between  the  daily  maximum  and  daily  minimum  is 
the  daily  difference.  The  duration  of  each  of  the  above-mentioned  four 
periods,  their  extension,  may  differ  very  greatly  in  different  patients  and  in 
the  different  stages  of  a disease.  The  extension  of  these  periods  must  l>e 
considered  in  deciding  the  intensity  of  the  fever,  as  well  as  the  height  of 
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each  separate  temperature-value.  In  considerable  fever  the  exacerbation 
and  especially  the  exacerbation-height,  the  point  of  the  curve,  possess  con- 
siderable extension ; while  in  inconsiderable  fever  the  extension  of  these 
periods  is  small,  and  the  prolongation  of  the  remission,  especially  the  depth 
of  the  remission,  is  increased. 

The  regular  course  of  the  daily  fluctuation  in  fever  of  moderate  intensity  is  about 
the  following.  In  the  first  hours  of  forenoon,  at  about  9 o’clock  or  somewhat  earlier, 
the  exacerbation  (the  increase  of  the  temperature)  usually  begins,  and  lasts  until  the 
afternoon.  From  now  until  evening,  therefore  fora  period  of  fl-4  hours,  the  height  of 
the  exacerbation  exists,  and  terminates  at  7 or  y o’clock  in  decided  falling  of  the  tem- 
perature, the  remission.  In  the  early  hours  of  morning,  perhaps  at  5 or  probably 
only  at  0 or  7 o’clock,  the  depth  of  the  remission  is  attained.  (A  ijay  of  disease  is 
usually  calculated  not  from  midnight  to  midnight,  but  from  one  remission-depth  to 
the  next.  Some  unpractically  place  in  several  diseases  of  sudden  origin  the  beginning  of 
the  day  of  disease  at  the  hour  of  the  invasion,  without  reference  to  the  daily  fluctua- 
tion.) In  excessive  fever  the  point  of  the  curve  is  occasionally  already  attained  in 
the  late  hours  of  the  forenoon  and  quite  commonly  at  noon,  and  only  left  in  the  late 
hours  of  evening,  very  frequently  only  at  midnight ; the  duration  of  the  remission 
depth  is  then,  of  course,  very  short.  In  slight  fever  the  latter  on  the  contrary  reaches 
frequently  from  early  morning  to  noon  or  even  afternoon ; in  the  evening  a short 
increase  appears  with  an  acute  angle  of  the  curve  late  in  the  evening  or  at  beginning 
of  the  night. 

The  course  of  the  temperature  within  the  several  stages  of  the  daily  curve  may  be 
very  different.  If  very  frequent  measurements  are  taken,  an  interrupted  increase 
during  the  exacerbation  is  not  rarely  observed,  interrupted  by  the  temperature 
remaining  stationary  or  even  falling  slightly.  More  frequently  yet  a discontinuity 
of  the  falling  in  the  remission  occurs  ; occasionally  the  temperature  remains  here  at 
exactly  or  almost  exactly  the  same  level  for  several  quarters  of  an  hour  (so-called 
terrace -formation),  until  suddenly  the  decrease  continues.  This  occurs  especially  in 
slow  ascension  and  descension.  Still  more  variable  and  important  is  the  condition  of 
the  apex  of  the  curve.  In  the  simplest  case  the  temperature  at  its  level  slowly  rises 
and  sinks  to  a very  moderate  degree, — this  is  rare,  and  occurs  almost  only  in  very 
slight  fever.  Very  commonly  with  it  appear  accidental  exacerbations  and  remissions, 
i,  e. . fluctuations  of  temperature,  which  do  not  by  far  attain  to  the  morning  remission- 
depth,  often  only  amount  to  a few  tenths  of  a degree,  but  nevertheless  are  much  more 
considerable  than  the  above-mentioned  unimportant  fluctuations.  The  daily  curve 
therefore  becomes  two  or  three  pointed.  In  the  latter  case  the  first  point  is  attained 
at  noon,  the  second  in  the  early  hours  of  evening,  the  third  at  midnight  or  in  the 
second  half  of  the  night  (if  it  occur  here  it  belongs  more  to  the  second  remission  and 
is  only  an  interruption  of  it) ; in  the  former  case  the  two  points  occur  at  noon  and 
evening,  or  at  evening  and  night.  More  than  three  apices  upon  the  daily  curve, 
which  are  separated  by  distinct  decreases  (accidental  remissions),  are  rarely  found ; 
but  two  or  three  points  are  according  to  the  rule.  The  remiasiou  depth  is  usually 
simple  ; it  commonly  shows  inconsiderable  fluctuations,  occasionally  for  a long  period 
an  evenly  low  state.  Only  rarely  is  the  third  accidental  exacerbation,  which  ought 
really  to  close  the  point  of  the  curve,  and  which  is  occasionally  regularly  removed  into 
the  remission,  noticeable  as  a slight  increase  at  its  termination,  in  the  closest 
proximity  to  the  remission-depth.  The  formation  of  accidental  remissions  (and  con- 
sequently also  of  preceding  accidental  exacerbations)  in  a fever  of  high  degree  is  to 
be  accepted  as  a favorable  symptom,  particularly  when  the  incision  of  the  curve  is 
very  deep.  In  this  case  it  sometimes  descends  to  the  value  of  the  remission  depth, 
and  the  daily  curve  appears,  instead  of  with  two  or  three  points,  cleft  or  doubly  cleft. 
The  fever-waste  must  naturally  be  less  in  an  interrupted  fever  than  in  a continuous 
one. 

In  every  regular  fever  of  acute  disease  we  find  morning  remissions,  evening  exacer- 
bations ; considerable  deviations  from  this  indicate  a perhaps  obscure  disturbance  of 
the  course,  and  cause  others  to  be  expected.  In  chronic  febrile  diseases  the  course  of 
the  fever  is  very  frequently  the  same — frequently  two  pointed  exacerbations  are  also 
found — but  not  rarely  the'  time  of  exacerbation  and  remission  is  gradually  changed, 
and  may  even  be  completely  reversed  : the  exacerbation-height  appears  in  the  morn- 
ing, the  remission-depth  in  the  evening.  In  such  a condition,  usually,  an  exceedingly 
irregular  course  of  fever  is  at  hand. 
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The  daily  difference,  op  the  extent  of  the  excursion  between  the  daily 
maximum  and  daily  minimum,  may  be  variously  large,  but  may  also  pos- 
sess with  the  same  length  different  importance,  according  how  high  or  low 
the  daily  average,  or  average  temperature  of  the  fever-period  for  twenty- 
four  hours  is,  whether  it  rises  or  sinks. 


Small  daily  differences  with  considerable  fever  are  generally  symptoms  that  the 
disease  is  still  in  an  early  period,  or  that  complications  exist.  The  occurrence  of 
remissions  in  the  height  of  a disease  almost  always  indicates  an  improvement,  or  even 
a transition  into  the  stage  of  convalescence.  The  continued  occurrence  of  remis- 
sions, especially  the  increase  of  the  daily  difference,  proves  the  progress  of  convales- 
cence ; while  the  cessation  of  remissions  with  a continued  febrile  condition  without 
decrease  of  the  daily  average  indicates  a relapse,  or  a complication.  Large  differences, 
produced  by  the  remission-values  becoming  sub-normal,  may  be  favorable  or  indiffer- 
ent, or  may  indicate  dangr  ; increasing  exacerbation-values  are  to  be  regarded  as 
decidedly  unfavorable  in  such  a condition. 

By  type  of  fever,  the  kind  and  mode  of  the  course  of  the  fever  on  several 
consecutive  days  is  understood.  If  on  them  the  daily  difference  is  very 
inconsiderable  (at  the  most  .5°  C.),  the  fever  is  called  continued,  febris  can- 
tinna  ; if  the  difference  is  somewhat  greater,  the  fever  is  designated  febris 
suheontinua  ; if  it  amounts  to  more  than  one  degree,  it  is  remittent,  febris 
remittens.  In  these  the  exacerbation  and  remission  usually  have  the  above- 
descrilaal  characteristic  course. 

The  continuous  and  sub-continuous  fever- types  occur  almost  only  with  high  tem 
peratures  and  never  continue  long  with  them.  They  occur  in  all  extensive  intlamma- 
tory  processes,  also  in  the  second  half  of  the  first,  and  a part  of  the  second  week  of 
alKlominal  typhus  (typhoid  fever),  in  severe  cases  of  scarlatina  and  small-pox,  in 
exanthematous  typhus.  The  more  marked  they  are  by  high  temperatures,  the  more 
Serious  is  the  case.  If  in  pneumonia  or  other  intlarnmntious  an  intense  fever  <40- 
41  C.)  retains  this  type  for  only  a few  days,  in  typhoid  fever  for  1-14  weeks,  life  is 
very  serionsly  endangered.  Accompanied  by  lower  temperatures,  the  continuous 
fysv.r-type  is  endured  for  a longer  period,  e.g.,  in  acute  rheumatism,  pleuritis,  local 
^ .-entonitis.  The  usual  type  is  the  remittent.  It  occurs  e*i»eoially  in  the  later  stage 
of  typhoid  fever,  in  the  lighter  cases  even  in  the  second  week,  in  the  severe  cases 
later  if  the  course  be  favorable.  It  frequently  occurs  in  bronchial  and  intestinal 
catarrh,  in  catarrhal  pneumonia,  tuberculosis  and  other  diseases.  With  the  same 
evening  temperatures  it  is  much  more  readily  and  longer  endured  than  the  continu- 
ous type. 

Another  fever-type  is  the  intermittent  ( febris  intermittens).  It  is  char- 
acterized by  intervals,  occurring  between  the  ]>erio<ls  of  high  temperatures, 
of  normal  or  sul>-nornial  values,  and  therefore  a period  of  fever  (fever- 
attack  paroxysm,)  and  a {»eriod  without  fever  (apyrexia)  alternate.  It 
occurs  most  cleurly  iu  the  intermittent  fever  which  arises  from  the  influence 
of  malaria. 

The  febrile  paroxysm  arises  and  disappears  very  rapidly,  and  therefore  is  but  of  very 
abort  duration.  We  distinguish  in  it  the  ascension,  which,  accompanied  usually  by 
chills,  is  continuous,  and  completed  frequently  in  1-2  hours  ; the  height  of  the  attack, 
which  with  slight  fluctuations  runs  its  course  similarly  to  an  cxacerbation-aj>ex,  and 
the  descension,  which  may  continue  for  8-10  hours  and  usually  occurs  typically  in 
tfie  form  of  terraces.  In  intermittent  fever  snch  attacks  occur  daily,  the  apyrexia 
therefore  lasting  scarcely  half  a day — quotidian  RHYTHM  ; or  every  second  day  with 
an  apyrexia  of  .hi  hours — tertian  rhythm  ; and  so  on.  More  rarely  the  rhythm  is 
irregular.  Hut  the  term  intermittent  fever  is  also  used  in  different  other  acute  and 
chronic  maladies,  if  between  the  attacks  a perfectly  feverless  interval,  even  if  only  of 
short  duration,  occurs.  (Some  designate  such  a fever  as  strongly  remittent.)  Such 
an  intermittent  type  occurs  occasionally  very  distinctly  in  the  second  half  of  typhoid 
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fover,  in  which  case  usually  its  transition  from  the  remittent  type  can  he  very  nicely 
observed ; also  in  pyaemia,  puerperal  fever,  tuberculosis,  in  suppurations  generally  • 
similarly  also  in  affections  of  the  biliary  passages.  But  certainly  it  is  not  so  charac- 
teristic in  all  these  conditions  as  in  malarial  intermittent  fever.  The  danger  of  inter- 
mittent fever  generally,  exclusive  of  the  co-existing  local  disorders,  is  less  than  that 
of  remittent  or  continuous  fever,  as  the  organism  can  be  somewhat  restored  during 
the  apyrexia. 

A rudimentary  fever-form  is  the  ephemeral.  Its  short  duration  is  its 
characteristic,  amounting  very  frequently  only  to  a few  hours  or  one  day 
occasionally  two  days,  rarely  more  ( ephemera  protracta).  The  frequently 
considerably  increased  temperature  (to  40.5°  C.  and  more)  is  occasionally 
the  only  symptom  of  a constitutional  disorder.  Such  a febrile  paroxysm, 
similar  to  a paroxysm  of  the  intermittent  type,  arises  usually  in  sensitive 
individuals,  as  children,  convalescents,  women,  from  inconsiderable  causes, 
which  would  not  produce  any  disorder  of  the  constitution  in  robust  persons. 

Febrile  diseases  exhibit  a very  great  variety  in  the  degrees  of  body-heat. 
Nevertheless  certain  rules  can  be  recognized  in  spite  of  differences,  and  yet 
these  differences  present  most  important  points  for  the  recognition  of  the 
several  diseases.  First  we  must  separate  acute  from  chronic  diseases. 

In  acute  febrile  affectioxs  the  temperature  remains,  (1)  at  least  until 
the  maximum  of  the  development  1ms  been  passed,  either  constantly  above 
the  normal  or  falls  only  occasionally  and  quite  momentarily  to  the  normal 
or  below  it,  under  the  influence  of  incidental  circumstances:  lasting  con- 
tinuous fevers.  Or  (2)  the  increased  body-heat  is  interrupted  once  or 
oftener  by  febrile  (normal  or  sul>-,  or  also  only  high-normal)  temperatures: 
intermittent  and  relapsing  fever.  Each  attack  of  fever  has  a course 
here  more  or  less  like  that  of  a continuous  fever  of  short  duration,  The 
temperature-increase  is  sometimes  dependent  mainly  upon  the  disease,  at 
least  in  a part  of  its  course ; sometimes  more  incidental  circumstances  and 
especially  upon  the  intensity  of  the  disorder,  as  also  upon  individual  con- 
ditions. To  diseases  of  the  first  class  belong  most  of  the  decidedly  typical 
forms,  also  a number  of  those  which  are  approximatively  typical.  All  others, 
as  well  as  the  atypical  fevers,  belong  to  the  second  class,  with  more  acciden- 
tal temperature-increase. 

In  typical  diseases  a certain  course  of  the  body-heat  accords  with  the  certain  course 
of  the  disease.  In  contradistinction  to  these  the  course  of  the  affection  generally,  in 
atypical  diseases  as  well  as  the  course  of  the  temperature,  lacks  regularity.  The 
transition  is  formed  by  the  more  or  less  approximatively  typical  forms  of  disease. 
( Vide  p.  14. ) 

The  course  of  the  body-heat  in  febrile  diseases  is  determined:  (1)  by 
the  kind  of  disease,  especially  in  typical  maladies : the  clearer  and  less 
complicated  the  disease  appears  in  a previously  healthy  individual,  the  more 
typically,  so  to  say,  the  more  normally  the  normal  temperature  of  the  affec- 
tion runs  its  course;  (2)  by  their  intensity,  even  in  typical  affections;  (3) 
by  individual  conditions,  more  particularly  that  of  age  ; (4)  by  incidental 
circumstances,  especially  also  therapeutical  influences  and  complications 
(primary  and  secondary  origin  of  the  disease).  It  is  divided  into  a num- 
ber of  periods,  which,  differing  in  their  significance,  present  a changing 
picture;  and  while  they  are  in  some  diseases  and  in  many  single  cases  dis- 
tinctly separated,  in  others  they  merge  one  into  the  other.  The  following 
periods  are  distinguished:  (1)  the  period  of  the  development  of  the  fever: 
pyrogeuetic  stage,  initial  stage;  (2)  the  period  of  the  fully  formed  fever: 
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fastigium  ; (3)  that  of  the  decidedly  subsiding  fever : the  period  of  subsi- 
ded e,  defervescence.  To  these  three  also  follow  (4)  the  period  of  con- 
valesi  en<  E,  and  (5)  the  period  of  the  transition  to  the  lethal  termination: 
PRE-MORTAL  PERIOD. 

The  initial  stage  extends  from  the  commencement  of  the  affection  until 
the  lowest  average  temperature,  characteristic  of  the  fastigimn  for  the  special 
disease,  has  been  attained.  To  this  height  the  temperature  rises  more  or 
less  rapidly,  by  continuous  or  by  discontinuous  ascension.  If  the  increase 
occur  rapidly,  it  is  usually  continuous,  not  at  all  or  scarcely  interrupted  by 
decrease,  and  occupies  at  the  most  twenty-four  hours,  very  frequently  only 
half  that  time,  and  even  less. 

Thus  it  is  in  measles,  scarlatina,  small-pox,  primary  pneumonia,  meningitis  of  the 
convexity,  febri*  recurmu,  amygdalitis,  erysipelas.  The  ascension  of  the  tempera- 
ture occurs  slowly,  and  theu  always  discontinuously  in  typhoid  fever,  in  exanthema- 
tous typhus,  catarrhal  pneumonia,  catarrhs,  articular  rheumatism,  and  in  others.  It 
runs  its  course  most  regularly  and  most  typically  in  typhoid  fever,  in  which  the  tem- 
perature is  higher  every  consecutive  day  at  the  same  honr,  as  ever  larger  increases 
oecnr  in  the  evening  arid  moderate  decreases  in  the  morning.  In  many  cases  the 
development  of  the  usually  moderate  fever  is  much  slower.  These  are  partly  such  iu 
which  the  development  of  the  fever  follows  the  local  disorder,  not  as  in  those  already 
described,  in  which  it  precedes,  or  in  which  an  uninterrupted  fever  is  only  decidedly 
developed  with  the  increase  of  the  local  disorder. 

The  period  of  the  fastigium,  the  complete  development  of  the  fever,  pre- 
sents much  more  considerable  differences.  This  is  owing  to  the  exceedingly 
great  variety  of  possible  circumstances. 

First,  the  height  of  the  maximum  temperature,  the  highest  jioint  which 
the  temperature  attains  during  the  disease,  is  very  various  in  different 
cases.  It  is  partly  determined  by  the  form  of  the  disease,  partly  by  the 
intensity  of  the  ease,  but  very  frequently  only  by  incidental  circumstances, 
by  which  an  unusual  single  increase  is  induced.  It  may,  under  those  cir- 
cumstances, be  of  subordinate  interest,  but  certainly  becomes  very  impor- 
tant, if  it  attains  an  enormous  height,  e.ff,,  42°  C.  and  more ; a height 
which  is  but  very  rarely  consistent  with  prolonged  continuance  of  life.  But 
it  is  most  useful  to  know  the  limiting  figures  of  the  numerous  severe  and 
intense  cases  accompanied  by  continuous  high  fever  ( J'ebri a continua  con- 
tinent), which  yet  possess  a normal  course  not  influenced  by  incidental  cir- 
cumstances. This  is  important  in  relation  to  diagnosis  and  prognosis,  as 
frequently  much  dejiends  ujnm  several  tenths  more  or  less  at  the  higher 
limit. 


Only  under  peculiar  circumstances,  especially  in  regard  to  diagnosis,  the  knowledge 
of  the  limiting  figures  of  the  maximum  temperature  in  characteristic  alight  cases  is 
important,  <!.//.,  in  typhoid  fever,  in  which,  in  a characteristic  course,  it  hardly  falls 
below  .10,8  C.  A special  enumeration  of  numerous  numbers  would  lead  too  far  into 
the  field  of  special  pathology,  and  therefore  it  is  only  remarked  that  for  serious  cases 
of  most  infectious  diseases  (excepting  relapsing  fever,  which  rises  higher)  about 
40.5  U.  forms  the  average  maximum  temperature  ; that  in  the  interrupted  fastigium 
of  intermittent  fever  41  C.,  and  somewhat  more  in  the  paroxysms,  is  very  fre- 
quently attained  ; os  also  that  most  local  diseases  in  severe  cases  fluctuate  at  about 
40  C. 

The  most  valuable  elements  for  the  judgment  of  a case  are  derived  from 
the  entire  course  of  the  temperature  of  the  fastigium.  This  course  may  be 
either  acme-like,  or  continuous,  or  discontinuous. 

In  the  acme-like  courte  only  once,  slowly  or  more  rapidly,  an  apex  ia 
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attained,  and  after  a short  duration  of  the  faatigium  (rarely,  and  then 
usually  with  some  fluctuations,  more  than  a day),  and  again  departed  from 
either  by  means  of  a fall  of  temperature,  which  leads  to  recovery,  or  by 
the  agony. 

The  continuous  course  consists  of  a maintenance  upon  a certain  average 
height,  with  characteristic  development  of  the  daily  exacerbations  and  re- 
missions, but  in  which  the  latter  cannot  fall  beneath  the  usual  fever-height, 
nor  possess  an  unusually  long  duration. 

This  course  is  not  only  present  in  all  severe  diseases,  even  with  complications,  when 
these  do  not,  as  e.g.  haemorrhages,  act  depressingly  upon  the  temperature,  hut  also  in 
many  slighter  diseases.  Examples  of  this  are  the  third  and  fourth  days  of  typhoid 
fever,  exanthematous  typhus,  the  prodromal  stage  of  small-pox,  scarlatina"  iu  its 
beginning,  measles  in  its  eruptive  stage,  etc.  While  in  these  affections  a certain 
continuity  of  the  course  is  normal,  and,  as  long  as  the  high  temperature  does  not 
last  unusually  long  nor  attaiu  unusual  heights,  it  does  not  occasion  any  fear ; it  is  to 
be  considered  an  unfavorable  symptom  if  diseases  which,  as  a rule,  have  a discontinu- 
ous temperature-course,  present  a continuous  one. 

Transition-forms  to  the  discontinuous  course  occur  frequently,  espe- 
cially after  long  duration  of  the  continuous  type,  and  in  favorably  termi- 
nating disorders.  First,  by  the  remissions  becoming  day  by  day  always 
longer,  and  then  by  unusually  large  hut  very  transient  falls  of  temperature, 
recurring  several  times,  or  from  time  to  time. 

They  are  frequently  noticed,  in  an  otherwise  perfectly  continuous  course  of  tempe- 
rature and  often  also  in  a not  intensive  course,  as  unexpected  occurrences  of  seemingly 
favorably  import,  in  the  beginning  of  the  fastigium  as  well  as  later,  usunlly  without 
any  influence  on  the  further  course  of  the  disease,  occasionally  in  consequeuoe  of 
therapeutic  interferences.  Where  they  occur  spontaneously,  and  as  usual  attain 
quite  or  almost  the  normal,  they  may  give  the  appearance  as  though  the  critical  ter- 
mination of  the  fever-course  had  arrived  (PSEUDO-CRISIS).  But  then,  besides  the 
knowledge  of  the  fact  that  pseudo-crises  occur,  the  close  observation  of  the  local 
symptoms  especially  prevents  the  false  interpretation.  Examples  of  pseudo-crises  are 
seen  in  many  cases  of  scarlatina,  small-pox,  pneumonia,  relapsing  fever,  erysipelas, 
etc. 

Discontinuous  is  the  course  in  the  large  majority  of  diseases,  consider- 
able fluctuations  occurring  within  one  day,  frequently  also  differences  in 
the  course  on  different  consecutive  days.  With  a regular  alternation  in 
the  beginning  of  exacerbations  and  remissions,  and  considerable  daily  differ- 
ences (febris  continua  remittens ),  the  fever  may  continue  in  the  same  way 
for  a month  and  more,  according  to  the  intensity  of  the  local  symptoms  and 
the  height  of  the  exacerbation-maxima.  But  more  frequently  (as  after  an 
originally  regular  course  in  complicated  cases  which  become  anomalous  from 
other  causes,  as  also  in  certain  disorders  (for  example  pyaemia)  from  the 
beginning)  the  discontinuous  course  shows  more  or  less  considerable  irre- 
gularities. These  consist  of  irregularly  occurring  exacerbations  and  remis- 
sion on  the  separate  days,  as  also  of  unequal  and  changing  height  of  the 
maxima  and  minima,  of  intercurrent  spontaneous  large  decreases  of  tempera- 
ture, without  a consequent  favorable  termination,  as  also  of  intercurrent 
increases  and  collapses.  Frequently  the  irregularity  is  complicated,  and  ii 
considerable  irregularities  of  the  course  have  once  begun,  it  is  usually  no- 
ticeable that  the  disturbed  type  never  again  completely  resumes  its  former 
condition.  Occasionally  completely  irregular  fluctuations  of  the  tempera- 
ture occur,  probably  also  occasionally  even  a change  from  a continuous  to 
a discontinuous  course. 
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Examples  are  suppurative  fever,  the  fever  in  catarrhal  pneumonia,  pleuritis,  rheu- 
matism, trichinosis,  erynpdas  migrant,  intestinal  catarrh,  etc. 


The  direction  of  the  discontinuous  temperature-course  may  be  various : 
ascending  or  descending;  or  the  temperature  may  remain  at  the  same  height ; 
quite  commonly  these  different  directions  follow  one  another.  The  ascend- 
ing direction  may  consist  of  an  equable  increase  of  exacerbation  and  remis- 
sion-values, or  of  an  approximation  of  the  remittent  type  to  the  continuous, 
the  latter  alone  increasing;  the  descending  direction  is  characterized  by  the 
reverse  conditions.  A reversal  of  the  direction  of  the  fastigium  occurs 
gradually,  or  suddenly  and  sharply,  without  the  maintenance  of  an  equal 
character  for  even  a short  time,  and  is  often  preceded  by  irregularities  of 
short  duration.  Perfect  regularity  of  the  change  of  exacerbations  and  re- 
missions, according  to  time  and  height,  is  rare  (at  the  most  typhoid  fever 
forms  an  exception) ; at  any  rate,  very  remarkable  causes  are  not  necessary 
in  case  of  great  tendency  to  irregularity  to  make  the  course  irregular.  Com- 
plications produce  commonly,  and  thus  also  make  the  prognosis  more  un- 
favorable, an  approximation  to  the  continuous  temperature-course ; if,  on 
the  contrary,  the  temperature  approximates  during  the  remissions  to  the 
normal,  while  it  does  not  or  at  least  only  slightly  exceeds  in  the  exacerba- 
tion-period the  limit  of  a moderate  fever-heat,  the  case  may  be  designated 
mild  and  advancing  toward  convalescence,  if,  excluding  the  fever,  the  local 
disorder  does  not  indicate  danger. 

The  duration  of  the  fastigium  in  the  discontinuous  type  is  on  the  average 
longer  than  in  the  continuous,  and  depends  very  much  ujxm  the  kind  of 
local  disorder,  and  also  especially  upon  the  intensity  of  the  case.  Short 
duration  in  recovering  cases  is  favorable,  long  duration  unfavorable. 

Occasionally  the  fastigium  in  a disease  is  double  or  multiple:  as  in 
typhoid  fever  with  successive  deposits,  in  variola  (prodromal  and  suppura- 
tive fever),  relapsing  fever,  in  some  pneumonias  (relapsing  and  intermit- 
tent form);  also  in  facial  erysipelas,  pyaemia,  etc.  Frequently  a different 
type  exists  in  the  several  fastigia;  it  is  unfavorable  if  the  later  ones  show 
the  continuous  type. 

The  termination  of  the  kastioium  is  sometimes  distinctly,  sometimes 
indistinctly  limited.  With  accuracy  it  can  only  lx*  ascertained  by  frequent 
measurements.  It  concludes  most  suddenly,  if  after  an  usual  and  then 
most  frequently  a short  course,  there  follow  a short  increase  occasionally  to 
a considerable  height,  before  the  transition  into  defervescence,  the  so-called 
jmrturbatio  eritica  ; most  frequently  it  merges  into  the  beginning  of  de- 
fervescence, it  this  be  preceded  by  a gradual  decrease  of  temperature  (eta- 
diuin  decrementi).  In  a fastigium  of  longer  duration,  especially  in  a regular 
continuous  or  discontinuous  tyjx*,  a variably  long  period  of  irresolution 
with  irregular  fluctuations  of  temperature,  and  occasionally  even  with  in- 
tercurrent  collapses,  is  likely  to  occur  between  the  fastigium  and  deferves- 
cence, the  so-called  amphibolic  stage.  In  recovering  cases  the  temperature 
usually  remains  at  a moderate  height;  if  excessive  values  are 
attained,  abnormally  high  as  well  as  abnormally  low  ones,  the  termination 
is  doubtful,  and  transition  into  the  pro-agonic  stage  not  rare. 

During  the  fastiginm  the  temperature  can  be  influenced  more  or  less  readily  by 
processes  within  the  organism,  er  by  artificial  influences  bearing  upon  it,  to  the 
advantage  or  detriment  of  the  patient.  Disadvantageous  are  those  influences  which 
are  capable  of  producing  an  increase  of  the  fever,  as  mental  excitement,  bodily  exer- 
tion, and  muscular  exertions  generally,  being  too  warm,  errors  of  diet,  constipation, 
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and  other  unfavorable  processes.  A decrease  of  the  heightened  temperature  is  induced 
by  spontaneous  and  artificially  produced  haemorrhages,  by  abundant  defecation  and 
perspiration;  also  by  vomiting,  inanition;  occasionally  also  by  sleep,  by  sufficient 
application  of  cold  ; lastly,  by  incorporation  of  a number  of  medicaments  (antipyret- 
ics), of  which  are  to  be  especially  mentioned:  calomel,  digitalis,  veratrum,  quiuia 
laxative  salts.  It  is  not  decidedly  and  always  advantageous  if  the  temperature  mode- 
rate, particularly  below  a certain  limit;  and  therefore  medical  knowledge  and  expe- 
rience must  note  the  appropriate  cases  and  the  most  appropriate  methods,  as  weil  as 
the  right  time  for  the  reduction  of  the  fever.  But  the  certainty  and  the  degree  of 
the  effect  is  by  no  means  the  same  in  all  cases  with  the  same  course  of  temperature  • 
on  the  contrary,  the  response  to  these  influences  (undoubtedly  on  account  of  the  dif- 
ferent intensity  of  the  fever,  notwithstanding  the  same  temperature)  is  very  different. 
So,  e.g.;  digitalis,  cold  baths,  calomel,  etc.,  act  upon  light  and  moderate  fevers  dis- 
proportionately more  than  upon  considerable  temperatures  with  intense  local  pro- 
cesses. Readily  influenced  temperatures  occur  more  frequently  in  children  and  in 
the  weak  than  in  robust  adults,  more  frequently  in  the  stadium  decrementi  than  in 
the  st.  incrementi;  more  frequently  at  the  time  of  the  daily  remission  than  that  of 
the  daily  exacerbation. 


During  the  process  of  recovery  the  course  of  the  temperature  is 
various,  and  certainly  influenced  by  the  kind  and  mode  of  the  convalescence, 
although  not  quite  determined  by  it  alone.  Undoubtedly  the  apparatuses, 
by  whose  activity  a certain  form  is  assigned  to  the  deviations  of  temperature, 
possess  so  much  independence,  that  they  are  able  to  influence  the  mode  of 
their  return  to  the  normal.  This  therefore  occurs  in  many  diseases  in  a 
regular  and  certain  way,  without  our  being  able  to  recognize  the  true  reason 
ot  the  differences.  Although  the  facility  or  difficulty  of  reparation  of  the 
local  disorder  may  have  the  most  important  influence  (frequently  enough 
the  decisive  fall  of  fever  occurs  when  it  has  ceased  to  extend),  it  is  not  always 
alone  the  determining.  By  experience  it  is  proven,  that,  notwithstanding 
the  local  disorder  be  evidently  on  the  path  of  recovery,  and  no  other  new 
affection  be  demonstrable,  still  the  fever  continues  in  a certain  independent 
way,  and  the  mode  of  convalescence  characteristic  of  the  disease  is  changed. 

A period  of  insufficient  decrease,  stadium  decremenli , precedes  in  some 
cases  the  decided  decrease  of  temperature  which  leads  to  the  normal.  It 
either  follows  the  fastigium  directly,  or  only  after  an  intercurrent  short  in- 
crease between  it  and  the  former.  Its  duration  is  generally  short,  and 
amounts  at  the  most  to  a couple  of  days  ; it  may  so  gradually  change  into 
the  actual  decrease  of  defervescence,  that  the  beginning  of  the  latter  cannot 
be  positively  determined.  The  stadium  decrementi  is  distinguished  from  the 
amphibolic  stage  by  the  non-occurrence  of  new  considerable  increases  of 
temperature,  as  an  unfavorable  symptom.  The  preparatory  decrease  may 
last  from  half  a day  to  an  entire  day,  rarely  more.  It  consists  frequently 
only  in  the  non-appearance,  or  the  moi'e  moderate  development  of  the  usual 
evening  exacerbation,  so  that  the  morning  temperature-height  exists  almost 
continuously,  or  of  a larger  morning  remission  with  equally  large  evening 
exacerbation,  or  of  a decrease  of  both. 

In  the  period  of  defervescence,  or  subsidence  of  fever,  the  increased 
temperature  of  the  fastigium,  or  at  least  that  of  the  stadium  decrementi , 
returns  to  the  normal.  It  either  occurs  rapidly : rapid  defervescence, 
crisis,  so  that  it  is  completed  in  a few,  at  the  most  30  hours,  the  tempera- 
ture falling  during  that  time  2°-5°  C.,  and  even  more,  and  reaching  the 
normal,  or  even  sinking  below  it.  Or,  it  occurs  more  slowly  during  several 
days,  or  one  week  and  more : lysis.  The  protracted  crisis  must  be  ac- 
cepted as  an  intervening  form,  in  which  the  defervescence  is  completed  in 
about  3 days ; it  is  particularly  observed  in  cases  of  disease  whose  normal 
form  of  defervescence  is  the  crisis. 
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If  the  crisis  is  completed  in  12-24  hours  or  (not  frequently)  in  a shorter  time,  a 
continuous  decrease  of  temperature  is  observed  by  rare  measurements,  by  very  fre- 
quent ones  a more  or  less  terrace-like  decrease.  In  long  duration,  but  particularly 
in  protracted  crisis,  small  intercurrent  increases,  which  occur  at  the  time  of  the  main, 
or  also  of  the  incidental  exacerbations  of  the  daily  fluctuation,  and  which  undoubted- 
ly possess  their  signification,  are  common  phenomena  ; and  at  least  the  decrease  in 
the  remission-period  of  the  daily  fluctuation  (at  night)  occurs  more  rapidly  than  in  the 
exacerbation-period  (in  the  afternoon).  Frequently,  particularly  if  before  the  crisis 
the  temperature  has  attained  an  unusual  height  and  then  fallen  rapidly,  or  if  shortly 
before  there  appeared  influences  depressing  the  temperature,  it  happens  that  the 
body-heat  falls  far  beneath  the  normal,  to  dll  C.  and  lower  ; not  rarely  light  collapse- 
symptoms  are  developed.  Such  an  excessive  decrease  gives  no  guaranty  that  a new 
increase  will  not  follow  (similarly  to  a pseudo-crisis),  and  only  after  24  hours  have 
passed  without  its  occurrence  is  defervescence  assured.  Generally  those  diseases 
defervesce  rapidly  which  show  in  the  initial  jteriod  a rapid  increase  of  temperature, 
and  which  take  a normal  uncomplicated  course.  Most  remarkable,  most  constant 
and  most  rapid  is  the  crisis  in  relapsing  fever,  in  which  it  may  descend  5J-t>  C. 
within  a few  hours ; it  is,  moreover,  the  rule  in  croupous  pneumonia,  in  normal 
measles,  and  in  the  eruptive  fever  of  small-pox,  frequently  in  erysipelas,  angina  ton- 
tillnrix,  and  in  ephemeral  fever. 

Lysis  either  occurs  in  the  form  of  a slow,  but  mainly  continuous  decrease  of  tem- 
perature, which  falls  a little  less  from  morning  to  evening  than  during  the  night,  or 
remains  stationary,  or  even  again  rises  slightly.  The  decrease  may  occupy  4-*  days, 
e.g.,  in  scarlatina  and  in  exanthematous  typhus.  Or  the  lysis  has  a remittent  course, 
the  daily  maxima  and  minima  approximating  more  and  more  the  normal,  now  in 
equal,  then  in  unequal  stages  iso  that  first  the  remission- values  increase,  until  they 
attain  the  normal,  and  then  only  the  exacerbation-maxima  decrease),  or  by  the  devel- 
opment of  a mixed  type.  Interruptions  of  the  regular  decrease  are  extremely  fre- 
quent. Remitting  lysis  is  characteristic  of  typhoid  fever;  it  appears  frequently  in 
catarrhs,  and  in  the  suppurative  fever  of  small-pox ; also  in  pleuritis.  peritonitis,  etc., 
as  also  in  complicated  cases  of  scarlatina  and  measles. 


During  the  period  of  convalescence  the  temperature  returns  to  the 
normal  degree  and  remains  there  )>ermanentlv.  Every  deviation  from  this 
oourse,  as  it  occurs  especially  in  the  beginning  of  convalescence,  indicates 
a disturbance  of  the  process  of  recovery,  or  the  occurrence  of  a new  dis- 
order. 

I lie  temperature  usually  does  not  immediately  become  perfectly  normal 
after  the  close  of  defervescence.  Frequently  it  attains  sub-normal,  occa- 
sionally quite  low  values  (to  3o°  C.),  and  there  remains  stationary,  with 
fluctuations,  sometimes  for  several  days.  This  occurs  particularly  in  criti- 
cal defervescence.  But  occasionally  it  rises  yet  for  a time  regularly  at  every 
exacerbation-time  to  sub-febrile  values.  Not  rarely  the  evening  temjjera- 
ture  is  u little  supra-normal,  but  the  morning  and  esjieeially  the  night  tem- 
perature are  sub-normal,  the  daily  difference  therefore  increased.  At  other 
times  this  is  decreased.  Commonly,  perfectly  normal  temperature  sets  in 
under  such  irregularities,  gradually,  and  at  the  latest  in  the  course  of  1-2 
weeks,  especially  with  respect  to  the  daily  fluctuation  of  the  healthy  type, 
if  particular  circumstances  do  not  sustain  the  continuance  of  anomalies. 

i he  temperature  of  the  convalescent  reacts  more  readilv  than  that  of  a 
healthy  person  to  extraneous  influences  : by  a bath,  by  numerous  meals,  by 
muscular  exertions  even  of  an  inconsiderable  degree;  by  leaving  the  bed  or 
room  it  is  usually  changed,  most  frequently  increased,  commonly  fora  short, 
occasionally  for  a longer  period.  If  such  increases  are  considerable,  if  they 
reach  into  the  febrile  degrees,  they  indicate  a more  serious  disturbance,  and 
call  earnestly  for  renewed  pivcaution.  They  are  frequently  the  first  symp- 
tom of  a relupse,  but  occasionally  have  only  the  importance  of  a simple 
fever-eol lapse.  After  a disease  of  long  duration  the  temperature  of  conva- 
lescence is  generally  more  excitable  than  after  disorders  having  a short 
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febrile  course:  e.cj .,  it  is  more  frequently  disturbed  after  typhoid  fever 
than  after  pneumonia  or  erysipelas.  Nevertheless  the  kind  of  disease  is 
also  in  a high  degree  determining. 

The  fatal  tkrmination  is  not  rarely  preceded  by  symptoms  of  variable 
duration,  and  in  great  part  of  an  unfavorable  kind.  They  must  not  be 
judged  only  by  the  condition  of  the  body-heat;  but  the  other  symptoms 
must  also  always  be  consulted,  especially  the  frequency  of  the  pulse  and 
the  signs  of  collapse,  so  as  not  to  be  deceived  by  apparent  moderations. 
The  temperature  of  the  internal  parts,  as  ascertained  in  the  usual  places  oi 
measurement,  is  in  various  conditions.  In  general  it  has  an  extraordinary 
tendency  to  the  greatest  irregularities  and  fluctuations : whichever  occur, 
it  lluctuates  occasionally,  so  to  say,  without  rule ; collapse-temperatures  alter- 
nate in  short  periods  (not  even  21  hours)  with  the  highest  febrile  degrees. 
Occasionally,  nevertheless,  the  influence  of  the  daily  fluctuation  is  shown  in 
quite  a normal  way;  exacerbations  and  remissions  alternate  as  previously, 
while  the  temperature- values  rise  and  fall  or  quite  rarely  also  remain 
stationary.  Decrease  and  increase  may  possess  a very  different  intensity, 
and  may  also  be  combined  in  quite  a regular  way.  In  yet  other  cases  an 
uninterrupted,  finally  enormous  increase  or  decrease  begins  with  the  change 
to  a lethal  termination. 

In  the  agony  the  temperature  is  very  various.  Sometimes  the  influence 
of  the  daily  fluctuation  is  also  here  still  to  be  recognized : the  patient  dies 
without  any  remarkable  changes  in  the  course  of  temperature,  either 
in  the  exacerbation  or  in  the  remission.  But  frequently  a moderate  in- 
crease of  temperature  occurs  in  those  who  were  previously  feverish.  At 
other  times  a very  considerable  decrease,  from  febrile  to  collapse-tempera- 
tures, which  contrasts  very  much  with  the  former  course,  appears  near 
death,  particularly  in  serious  inanition,  after  severe  1 Hemorrhages,  abundant 
evacuations  of  fieces,  perforations.  Finally,  the  intense  pre-mortal  tem- 
perature-increase, in  which  the  highest  values  which  have  yet  been  observed 
are  attained  within  a few  hours,  is  in  a high  degree  characteristic.  It 
appears  at  the  close  of  an  intense  febrile  course,  as  present  particularly  in 
infectious  diseases,  e.g.,  typhoid  fever,  exanthematous  typhus;  also  measles, 
scarlatina,  small-pox,  pyaemia;  furthermore,  in  insolation,  pneumonia, erysi- 
pelas, acute  rheumatism,  endocarditis ; or  it  forms  the  termination  in  dis- 
eases of  the  nerve-centres,  as  well  febrile  inflammatory  disorders  as  menin- 
gitis and  encephalitis  ; also  in  affections  without  any  certain  tissue-change, 
especially  tetanus,  epilepsy,  hysteria,  which  have  usually  shown  a normal  or 
hardly  increased  temperature  until  the  occurrence  of  the  agony.  While 
with  previously  intense  fever  the  lethal  increase  can  be  accepted  as  an  ex- 
pression of  its  highest  and  therefore  most  pernicious  increase,  it  appears 
that,  in  the  last-named  affections,  it  is  necessary  to  believe  that  a new  pro- 
cess has  been  added,  which  is  frequently  indicated  by  nothing  so  early  and 
so  undoubtedly,  as  by  the  enormous  increase  of  temperature. 

In  the  pre-mortal  excess  of  temperature  the  further  increase  occasionally 
ceases  at  the  moment  of  the  cessation  of  the  heart’s  activity  and  of  respira- 
tion ; but  very  frequently  a further  increase  to  a very  small  height,  or  even 
to  several  tenths  of  a degree,  appears  for  from  a few  minutes  to  almost  an 
hour.  This  post  mortal  increase  is  always  terminated  by  the  temperature 
maintaining  a perfectly  equal  high  state,  which  may  exist  for  several  minutes 
to  a quarter  of  an  hour.  After  that,  the  temperature  falls  with  varying 
rapidity,  first  slowly,  then  gradually  more  quickly.  In  a less  characteristic 
way  a post-mortal  increase  can  also  occur  without  a pre-mortal  increase. 
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The  highest  agony-temperature  which  has  been  observed  amounted  to  44.75°  C.; 
it  occurred  iu  a case  of  spontaneous  tetanus.  The  temperature  rose  after  death  for 
55  minutes  to  45.38“  C.  Values  of  42'  C.  and  more  in  the  agony  are  quite  fre- 
quent in  infectious  and  nervous  diseases. 

Not  always  does  the  pre-mortal  increase  of  temperature  last  to  the  moment  of 
death  ; occasionally  it  ceases  even  several  minutes  before.  In  this  wise  the  decrease 
may  contiuue  after  the  cessation  of  the  heart's  action  and  of  respiration,  and 
increases  steadily ; or  a short  post-mortal  increase  may  first  intervene. 

Chronic  diseases  are  characterized  by  the  great  clmngeableness  of  their 
course.  Normal  temperature  anti  fever,  as  also  all  fever-types,  may  alternate 
in  the  greatest  variety.  The  separate  consecutive  days  of  the  disease  not 
rarely  possess  an  extraordinarily  variable  febrile  course:  the  largest  differ- 
ences between  morning  and  evening,  between  daily  maximum  and  daily 
minimum,  between  the  temperature-values  of  two  consecutive  days,  are 
possible  here.  Therefore,  the  judgment  of  these  diseases,  and  especially  of 
the  effect  of  antipyretic  medicines,  is  made  difficult  to  a high  degree. 

Chronic  diseases  not  rarely  develop  from  the  acute,  and  therefore  the 
commencement  of  the  fever  may  be  just  as  in  the  latter.  At  other  times 
they  originate  gradually;  their  beginning  is  in  this  case  frequently  charac- 
terized by  very  inconsiderable  but  growing  rises  in  the  evening  tempera- 
ture for  months,  which  finally  also  lead  to  morning  increase  (vide  supra). 
They  generally  terminate  by  a very  gradual  disappearance  of  the  increased 
temperatures,  still  much  more  slowly  than  by  a protracted  lysis.  Fever- 
paroxysms,  which,  more  or  less  intense,  interrupt  the  decrease  of  the  tem- 
perature, are  of  frequent  occurrence.  The  establishment  of  a jierfectly 
normal  temperature  is  deferred  usually  by  the  appearance  for  a long  time 
of  moderate  increase  of  the  morning,  and  particularly  also  of  the  evening 
temperature,  which  indicates  the  preceding  disorder,  and  cause  an  appre- 
hension for  a new  exacerbation.  The  fatal  termination  appears  rarely  with 
abnormally  increased,  usually  with  moderate  febrile  height,  or  with  normal 
and  sub-normal  temperatures.  The  latter  is  sufficiently  explained  by  the 
very  great  emaciation  of  many  persons  having  chronic  diseases  in  the  last 
years  of  life,  produced  by  a more  or  less  complete  inanition.  Therefore, 
post-mortal  increase  is  much  rarer  than  in  acute  diseases. 

The  anatomical  changes,  which  are  produced  by  fever  in  the  solid  and 
fluid  parts  of  the  organism,  are  of  very  variable  kind.  They  are  partly 
induced  by  the  permanent  influence  of  high  temperature,  partly  dependent 
upon  the  febrile  waste  iu  the  different  fluids  and  tissues  of  the  bodv.  They 
are  most  characteristic  in  cases  of  febrile  marasmus. 

1 lie  anatomical  changes  occurring  in  consequence  of  the  influence  of 
HtGH  temperature  for  many  days  are  found  most  frequently  in  fatal  cases 
of  acute  infectious  diseases  (measles,  scarlatina,  small-pox,  exanthematous 
typhus,  and  typhoid  fever,  puerperal  fever,  erysipelas,  acute  articular  rheu- 
matism, etc.).  lhey  consist  especially  of  more  or  leas  extensive  albuminous 
infiltration  of  many  cellular  elements,  particularly  of  the  glandular  cells  of 
the  liver,  kidneys,  also  of  the  spleen,  lymphatic  glands,  of  the  colorless 
blood-corpuscles,  of  the  muscular  fibres  of  the  trunk,  the  extremities  and 
particularly  of  the  heart;  occasionally  also  of  simultaneous  moderate  fatty 
metamorphosis  of  the  same  parts,  as  also  of  waxy  degeneration  of  the 
muscles.  The  blood  in  the  heart  and  in  the  large  vessels  is  nearly  always 
fluid,  or  not  completely  coagulated. 

Of  old,  Sydenham,  Rokhtiawe.  Swif.tkn,  later  Roger,  Wunderlich  and 
others,  but  abo\e  all  Liebekmkistkk  (U.  Klin.,  1859,  No.  40;  1).  Arch.  f.  klin. 
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Med.,  1860,  T.,  pp.  298  and  602),  have  called  special  attention  to  the  regularity  and 
importance  of  the  above-mentioned  tissue -changes,  especially  of  the  albuminous 
infiltration,  in  high  fever.  According  to  L. , these  changes  are  in  many  cases  the  con- 
sequence of  the  increased  bodily  temperature,  and  frequently  the  only  cause  of  death. 
L.  proves  this  by  the  constant  occurrence  of  albuminous  infiltration  in  the  cited  con- 
ditions, by  pointing  to  the  noxious,  even  deleterious  influence  of  higher  temperatures 
upon  living  cellular  organs  (Schultze,  Da*  Protoplasina,  u.  *.  m\,  180:1,  p.  88  et  seq. — 
KChni;,  Arch.  f.  Aunt.,  P/ti/8.,  u.  8.  w. , 1869  ; U titer*,  ub.  d.  Protopl .,  n.  h.  ic.,  1804), 
to  the  favorable  influence  of  cold-water  treatment,  by  the  similarity  with  the  con- 
ditions after  sunstroke  or  insolation  (tide  p.  59). 

Also  consult  Buhl,  Z.  f.  rut.  Med.,  1857,  VIII.,  p.  89  ; 1858,  IV.,  p.  804. — Hoff- 
mann, Patera,  iib.  Abdominal  typh.  1869. 

Against  Liebkrmribtkh’s  interpretation  a number  of  important  objections  can  be 
made.  First,  the  parenchymatous  infiltration  is  either  entirely  absent  in  some  eases 
of  high  fever  lasting  several  days,  or  is  only  present  in  a very  minute  degree.  Fur- 
thermore, the  same  infiltration  occurs  under  conditions  in  which  only  slight  fever 
or  none  existed  : e.;/.  in  some  very  extensive  rapidly  fatal  burns  (tub  p.  298),  in  some 
cases  of  suffocation,  in  some  cases  of  poisoning  (by  sulphuric  acid,  muriatic  acid, 
phosphorus).  In  special  cases  almost  always  yet  other  causes  of  albuminous  infiltra- 
tion cuter  into  consideration ; the  infectious  substance,  as  in  the  acute  exanthemata, 
in  pyannia,  etc.  ; anaemia  or  hyperaemia,  and  acute  consumption ; the  disordered 
respiration.  The  colloid  degeneration  of  the  muscles  is  also  believed  by  some  to  be 
the  consequence  of  fever;  but  this  is  present  under  such  various  circumstances, 
that  its  causes  must  also  be  considered  as  unknown. 

According  to  SwiKTKN,  and  later  to  Wkikakt,  death  in  excessive  increase  of  the 
bodily  temperature  results  from  coagulation  of  the  fibrin  of  the  blood  at  about  43  C. 
{Arch.  d.  Ifiilk. , 1863,  IV.,  p.  193).  But  just  in  those  diseases  in  which  death 
results  most  frequently  by  excessively  high  temperature,  the  amount  of  fibrin  in  the 
blood  is  small ; frequently  all  blood  in  the  corpse  is  still  liquid,  or  forms  but  flabby 
coagula.  In  death  by  sunstroke,  etc.,  also,  the  blood  is  usually  fluid. 


The  anatomical  changes  which  appear  in  consequence  of  the  febrile 
waste  are  in  the  main  analogous  to  those  of  senile  and  pathic  marasmus. 
They  consist  of  dryness  of  all  tissues,  of  their  simple  atrophy  and  emacia- 
tion. In  regard  to  changes  in  tire  blood  vide  p.  633.  Their  immediate 
cause  is  probably  an  actual  consumption  of  bodily  ingredieuts,  analogous 
to  that  of  inanition. 

The  functional  DISORDERS,  which  we  observe  more  or  less  constantly  in 
fever  patients,  have  their  origin  mainly  in  the  disordered  temperature  and 
most  particularly  in  the  increase  of  the  body-heat.  They  occur  in  the 
nervous  system,  the  organs  of  circulation  and  respiration,  the  digestive 
apparatus,  and  the  secretions. 

In  respect  to  the  nervous  phenomena,  general  sensation  (; gemeine/efiihl ), 
and  the  senses  as  well  as  the  psychical  and  motor  functions  present  import- 
ant changes. 

General  sensation  is  almost  always  disordered  in  fever.  At  its  com- 
mencement there  is  frequently  an  increased  sensibility,  especially  in  regard 
to  heat-abstracting  influences,  and  actual  cold.  Notwithstanding  warm 
covering  the  patient  feels  chilly  and  shudders  (horripilation),  partly  in  the 
extremities,  partly  along  the  back;  the  peripheral  parts,  as  ears,  nose, 
turners  and  toes,  become  cold.  In  this  degree  the  chilliness  may  continue 
for" hours  and  days,  or  increase  rapidly  to  chills  (vide  p.  G10),  particularly 
in  severe  febrile  affections.  In  the  chill  the  face  and  extremities,  or  even 
the  entire  skin,  including  the  visible  mucous  membranes,  become  cool  and 
bluish,  the  skin-turgor  is  diminished,  the  eyeballs  are  sunken,  respiration  is 
more  frequent ; the  patient  feels  oppressed  and  extremely  miserable  and 
uncomfortable,  lie  experiences  nausea  and  occasionally  vomits ; he  reposes 
upon  his  side  and  bends  himself  up,  as  though  to  decrease  the  losses  of  heat 
by  diminishing  his  bulk;  he  throws  himself  about  spasmodically,  as  though 
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to  increase  the  production  of  warmth  by  muscular  activity ; he  shivers 
freely,  and  the  lower  jaw  moves  rapidly  up  and  down,  even  so  as  to  produce 
chattering  of  the  teeth.  In  this  way  the  chill  may  continue  for  a few  min- 
utes or  hours,  and  its  intensity  may  gradually  and  continuously  diminish, 
or  again  increase  for  a short  time  to  its  former  severity.  As  a rule,  the 
body-heat  during  the  chill  is  very  considerably  increased  in  the  internal 
parts  of  the  body,  and  the  chill  is  finally  thereby  completed,  an  equalization 
gradually  occurring  ltctweeu  the  periphery  and  the  internal  parts ; at  the 
most,  short  light  shudders  appear  now  and  then.  If  a chill  has  been 
attained,  the  period  of  cold  is  as  a rule  followed,  as  reaction,  by  a warm 
stage  with  feeling  of  intense  heat,  strong  injection  of  the  skin,  especially  of 
the  face,  turgescent  skin,  which  gradually  begins  to  perspire,  and  therewith 
subsidence  of  the  preceding  subjective  complaints. 


The  chill  is  best  characterized  and  strongest  in  primary  pneumonia,  intermittent 
fever,  and  pyaemia.  Occasionally  a chill  exactly  like  this  occurs  without  fever,  e.c/., 
by  passage  of  a urethral  catheter,  by  impaction  of  a uriuary  calculus,  etc. 

Very  conspicuous  are  the  contractions,  in  chills,  of  the  unstriped  muscular  fibres 
situated  around  the  cutaneous  glands,  whence  arises  the  characteristic  apjK-arance  of 
“ goose-flesh.”  The  simultaneous  cyanotic  discoloration  is  explained  by  the  spasmodic 
contraction  of  the  unstriped  muscle-cells  of  the  cutaneous  vessels,  from  which  the  arte- 
rial afflux  is  excluded,  and  the  rapidity  of  the  blood-current  through  the  small  veins 
impeded. 


Excluding  those  symptoms  of  chills,  which  are  especially  important  and 
frequent  in  the  beginning  of  fever,  we  meet  throughout  its  whole  duration 
numerous  other  psychical,  sensorial,  and  probably  also  motorial  symptoms. 
In  the  slightest  degrees  of  fever  no  disorder  whatever  of  consciousness 
exists.  There  is  present  an  uncertain  sense  of  indisposition,  restlessness, 
excitement,  oppression ; heaviness  and  du loess  of  the  head,  headache,  dis- 
inclination to  mental  occupation ; sensibility  toward  all  impressions  of  the 
senses;  restless  sleep  with  oppressive  dreams ; painful  sense  of  fatigue  of 
the  spine  and  limbs,  a sense  of  weakness  and  debility,  want  of  will-energy. 
In  more  intense  fever  appear  fainting  and  dizziness  in  assuming  the  erect 
posture,  darkness  before  the  eyes  and  noises  in  the  ears;  moderate  apathy, 
some  want  of  memory,  hesitating  answers;  delirium  in  a state  of  half-sleep, 
occasionally  also  while  waking,  and  infirm  muscular  actions.  In  still  higher 
degrees,  consciousness  is  continuously  disordered,  though  not  always  to  the 
same  degree,  and  the  irritation  of  the  brain  presents  transitions  to  symp- 
toms of  depression.  Restlessness,  excitation,  continued  delirium  with 
fancies,  uncertainty  in  regard  to  the  surroundings,  frequent  illusions 
and  hallucinations,  loud  talking  and  screaming,  attempts  to  leave  the  bed; 
light  maniacal  attacks,  gvbstutus  tend  inurn ; local  twitchings,  in  small 
children  exceptionally  also  general  convulsions  are  the  symptoms  of  the 
irritation  of  this  stage.  As  severer  symptoms  of  depression  are  to  be  re- 
garded quiet  delirium,  great  apathy,  stupid  expression  of  the  face,  mutter- 
ing delirium,  bed-picking,  occasional  involuntary  evacuations  of  the  bowels, 
frequently  sopor  without  any  energetic  expression  of  psychical  activity. 
Higher  degrees  and  longer  duration  of  such  phenomena  always  indicate 
great  danger.  In  the  highest  febrile  forms  continued  unconsciousness, 
sliding  down  in  the  bed,  and  not  any  or  extremely  slight  reaction  upon 
psychical  and  sensorial  impressions  exist. 

According  to  Mavas-kin  ( Yirrh.  Arch. , 1872,  LVI.,  p.  220)  the  muscular  debility 
occurring-  regularly  in  strong  fever  of  short  duration,  or  in  slight  or  intense  fever  of 
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longer  duration,  as  well  as  the  frequent  pains  in  the  muscles,  depend  upon  diverse 
changes  in  them:  first  upon  the  frequently  existing  so-called  colloid  degeneration 
(vide  p.  ;;:l  1 ) ; perhaps  also  upon  the  more  abundant  transformation  of  creatin  into 
creatinin  (increase  of  the  latter  in  the  urine:  J.  Lehmann.  Munk,  Gakhtgrns, 
Hofmann);  upon  the  increase  1 amount  of  potassa-salts  in  the  urine  (Salkowski). 
Chemical  analysis  also  shows  in  the  muscles  themselves  a cause  acting  upon  them 
through  the  fever : the  amount  of  watery  and  alcoholic  extracts  of  the  muscles  is 
always  smaller  in  feverish  animals  than  in  the  healthy ; the  quantity  of  nitrogen 
contained  in  the  extracts  is  larger  in  the  former.  Naunyn  (vide  infra)  found  in 
the  muscles  of  dogs  on  the  8d-5th  days  of  ichor-fever  0.1-0. 2$,  in  the  blood  0.0G-0. 15 
of  urea  ; similar  numbers  were  obtained  in  typhoid  fever  and  septicaemia. 

If  in  the  above  statement  the  several  nervous  symptoms  are  brought  into  connection 
with  the  fever-intensity,  it  is  not  to  be  understood  that  in  each  single  case  and  at  every 
time  a certain  height  of  temperature  is  accompanied  by  the  same  or  similar  symptoms 
of  disease.  This  is  not  the  case;  high  fever  can  exist  exceptionally  almost  without 
any  considerable,  very  slight  fever  with  severe  disorder  of  the  nervous  system.  For 
this  disorder  is  not  only  influenced  by  the  height  of  temperature,  but  also  by  many 
other  factors  more  or  less  mysterious  in  their  actions, — above  all,  individuality  with 
its  changing  excitability  at  different  times  and  in  different  persons.  At  present, 
therefore,  it  cannot  be  determined  whether  the  disorder  of  the  central  organs  de- 
pends upon  demonstrable  material  changes,  the  less  so  as  more  accurate  examinations 
of  those  who  died  after  severe  fever  are  not  recorded.  It  can  only  be  said,  that  the 
anatomical  changes  causing  the  lower  degrees  of  nervous  disturbances  must  be  such 
as  admit  of  rapid  recovery,  as  the  duration  of  those  symptoms  is  as  a rule  short,  and 
in  the  main  limited  by  the  duration  of  the  excessive  increase  of  temperature. 

Tho  symptoms  in  the  vascular  system  are  very  important.  Before  the 
knowledge  of  the  results  of  tbermometrical  measurements  they  were  espe- 
cially relied  upon  in  the  study  of  fever. 

With  the  increase  of  temperature  in  fever  the  heart’s  movements  are 
accelerated,  and  the  heart’s  pulsation  strengthened;  also,  not  rarely,  there 
is  present  in  place  of  the  first  sound  in  the  ventricles  as  well  as  in  the  arte- 
ries a systolic  murmur,  or  at  least  an  intermediate  form  between  sound  and 
murmur.  The  larger  arteries,  as  the  carotids,  are  seen  to  pulsate  more 
strongly.  The  small  arteries  of  the  skin  are  contracted  during  a chill,  so 
that  it  appears  paler,  and,  as  the  insufficient  afflux  of  arterial  blood  is 
accompanied  by  venous  repletion,  at  the  same  time  becomes  of  a bluish 
color.  During  febrile  heat  the  cutaneous  arteries  are  relaxed,  the  capilla- 
ries better  filled,  the  veins  empty,  the  skin  turgescent,  red,  not  livid.  This 
febrile  flush  is  of  course  most  strongly  marked  in  parts  having  abundant 
capillaries  and  a thin  epidermis : cheeks,  lips,  conjunctiva;,  therefore 
appear  especially  reddened.  Occasionally  the  distribution  of  the  blood  is 
not  uniform. 

The  conditions  of  the  arterial  pulse  during  fever  has  received  quite 
special  attention.  Best  known  is  the  increase  in  the  frequency  of  the  pulse. 
Formerly  the  acceleration  of  the  heart’s  contractions  were  even  accepted  as 
pathognomonic  of  fever ; but  this  is  now,  after  the  new  standard  which 
thermoiuetrioal  observation  has  produced,  no  more  admissible.  But  the  in- 
creased frequency  of  the  pulse  is  nevertheless  that  symptom  which,  next 
to  the  increase  of  the  body-heat,  is  observed  most  constantly  in  fever,  for 
they  stand  in  the  closest  relation  with  each  other. 

By  counting  the  pulse-beats  of  a patient  we  wish  to  gain  a criterion  for 
judging  the  influence  which  tho  morbid  process  exerts  upon  the  circula- 
tory apparatus.  But,  besides  the  bodily  temperature,  the  following  condi- 
tions must  also  be  taken  into  consideration  in  forming  this  judgment : con- 
stitutional conditions  (amemia ; intoxication,  e.g.,  with  lead,  and  infectious 
matter,  e.(/.,  with  scarlatina);  the  condition  of  the  heart  itself  (inflamma- 
tion, valvular  disease) ; the  degree  of  resistance  in  the  vascular  system  (renal 
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affections,  dropsy,  pleuritic  exudations) ; the  action  of  those  parts  of  the 
central  nervous  system  important  to  the  heart's  movement.  It  is  therefore 
not  surprising,  that  a certain  height  of  temperature  is  by  no  means  accom- 
panied by  a given  frequency  of  the  heart's  pulsations ; but  just  as  little  are 
all  these  various  induenees  able,  in  a given  case,  entirely  to  set  aside  the  in- 
fluence of  temperature. 

It  can  be  proven  with  certainty,  as  a rule,  that  in  fever  ceteris  paribus 
the  frequency  of  the  pulse  is  the  greater,  the  higher  the  bodily  temperature 
rises.  A simple  statistical  compilation  of  numerous  observations  of  the 
pulse  in  fever-patients  is  sufficient  to  demonstrate  that  dependence. 

LrEBEitMEiSTER  D.  Arch.  f.  klin.  Med.,  L,  p.  460)  has  calculated  from  a consider- 
able number  of  simultaneous  pulse  and  temperature  observations  the  following  values 
for  adults  : 


Temperature, 

3?  C. 

88”  C. 

so*  c. 

40  C. 

41“  C. 

42'  C. 

t minimum. 

4.1 

44 

.12 

04 

00 

88 

Pul*e  -!  maximum, 

124 

148 

too 

158 

100 

108 

( average, 

78.0 

88.1 

97.2 

10.3.3 

109.0 

121.7. 

It  is  thus  shown,  that,  notwithstanding  all  fluctuations,  and  notwithstanding  the 
great  divergence  of  the  maxima  and  minima,  the  arithmetical  average  of  the  fre- 
quency of  the  pulse  increases  equally  with  the  increase  of  temperature,  so  that 
an  increase  of  the  latter  of  1*0.  is  accompanied  on  the  average  by  au  increase  of  the 
pulse  of  eight  pulsations  per  minute. 

Furthermore  the  influence  of  the  temperature  upon  the  frequency  of  the 
pulse  is  proved  by  : the  condition  of  the  latter  upon  artificial  increase  of 
the  former,  the  rise  ami  fall  of  the  frequency  of  the  pulse  in  the  feet  us  of  a 
feverish  pregnant  woman  being  in  proportion  to  the  mother's  temperature ; 
as  also,  lastly,  by  physiological  experiment.  If  a fluid  of  variable  tempera- 
ture is  allowed  to  circulate  through  separated  hearts,  the  frequency  of  the 
heart’s  pulsations  rises  and  falls  in  proportion  to  the  temperature;  near  the 
normal  temperature  greater  irritability  of  the  heart  is  evident,  characterized 
by  a greater  increase  of  the  frequency  relatively  to  a smaller  increase  of  the 
temperature  ; by  Uk>  great  an  increase  of  tenq>erature  the  irritability  of 
the  organ  is  entirely  destroyed. 

I he  influence  of  temperature  in  disease,  however,  becomes  evident  under 
very  variable  conditions.  With  the  same  height  of  temperature,  further- 
more with  equality  of  age,  size  and  sex,  of  the  nourishment  ami  the  position 
ot  the  laxly,  with  the  same  extraneous  circumstances  generally,  we  find 
greatly  diverging  frequency  of  the  pulse.  It  is  not,  therefore,  the  absolute 
pulse-frequency  which  is  influenced  in  a feverish  person  by  the  temperature- 
height,  but  only,  so  long  as  disturbing  elements  do  not  arise,  its  daily  move- 
ment. 

Not  less  important  is  the  character  of  tiie  arterial  pulse.  An 
experienced  observer  should  distinguish  by  the  finger,  besides  the  frequency 
of  the  pulse,  also:  whether  it  tills  quickly  or  gradually  (patens  celer,  pulsus 
tardus)  ; how  high  the  pulse  wave  is  ( p.  nuii/nus  and  parvus) ; how  widely 
the  artery  is  distended  (p.  plenus  and  vacuus)  ; in  what  degree  of  average 
tension  the  artery  is  (p.  mod  is  and  dvrus).  The  fever-pulse  of  a previously 
healthy  adult  is  more  or  less  large,  full,  hard,  quick,  and  probably  it  gains 
these  properties  mainly  through  the  influence  of  a quicker  and  stronger  con- 
traction ot  the  heart.  Characteristic  examples  of  this  are  presented  in 
acute  inflammations,  especially  pneumonia,  less  strikingly  in  infectious 
diseases.  Self-evidently  the  forms  of  the  pulse  of  feverish  persons  vary 
greatly  according  to  the  original  constitution  of  the  pulse  before  the  occur- 
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renco  of  the  fever,  as  also  according  to  the  influence  which  the  disease  lias 
until  then  exerted  upon  the  texture  and  function  of  the  heart.  Even  dur- 
ing a febrile  condition  a small,  empty,  soft  pulse  can  very  well  exist  tran- 
siently or  continuously,  but  only  under  the  influence  of  particular  circum- 
stances, which  more  or  less  paralyse  that  of  the  fever. 

Much  more  clearly  than  by  palpation  with  the  practised  hand,  though 
this,  notwithstanding,  cannot  be  dispensed  with,  is  the  change  of  the  pulse, 
produced  in  consequence  of  the  fever,  represented  in  its  delineation  by 
means  of  the  sphygmooraph.  The  accurate  representation,  only  very  super- 
ficially possible  without  an  instrument,  of  the  wavy  motions  of  the  arterial 
tube,  is  one  of  the  great  advantages  of  sphygmography. 

According  to  O.  J.  B.  Woi.ff  (Chnrakteriatik  des  Arterienpuhes , 1805),  who 
employed  Mauey’b  sphygmograph.  three  parts  can  be  distinguished  in  every  drawing 
of  one  pulsation  of  the  radial  artery  of  a healthy  adult : the  ascending  curve,  the 
apex  and  the  descending  curve.  The  first,  the  ascension-line,  is  the  steeper,  the  more 
quickly  the  expansion  of  the  vessel  is  completed  : it  always  only  deviates  very  slightly 
from  the  vertical  line  (i.e.,  the  circle,  which  the  leverof  the  apparatus  describes  upon 
the  blackened  paper).  It  approximates  the  latter  the  closer,  the  less  the  elasticity 
of  the  vessel’s  walls  and  the  more  energetic  the  quickness  of  the  heart’s  contractions 
(as  in  the  puisne  eeler).  The  apex  of  the  curve  is  in  a correct  drawing  always  only  a 
point,  the  point  of  an  acute  angle.  The  descending  curve,  descension-Iine,  possesses 
normally  two  main  waves ; occasionally  a third  one  is  added,  accordingly  as  the  tension 
of  the  aorta  diminishes  quickly  or  slowly.  In  a small  pulse  the  first  of  the  two  main 
dcscension  waves  appears  to  he  the  larger.  If  three  waves  exist,  the  first,  commonly 
the  smaller  wave,  is  to  be  considered  as  divided  into  two.  If,  as  is  usually  the  case, 
the  last  wave  (large  ascension  wave  of  Wolff)  alone  is  well  marked,  the  pulse  is  also 
distinctly  perceived  by  the  finger  as  consisting  of  two  waves  (double  beat,  dicrotic); 
in  anaemic  convalescents  the  three  waves  are  probably  also  detectable  by  attentive 
observation.  In  a careful  drawing  and  sufficiently  large  pulse  several  other  small 
waxes  are  found  on  the  descension  line.  Its  wavy  appearance  arises  from  the  vibra- 
tions of  the  arterial  wall  made  varyingly  tense  by  the  heart’s  systole,  and  is  modified  by 
the  unequal  elasticity  of  the  wall,  as  well  as,  especially  in  the  larger  arteries,  through 
the  influence  of  the  return  current  of  the  blood  toward  the  heart  during  the  heart’s 
diastole,  whereby  the  intravascular  pressure  is  quickly  diminished. 

The  normal  pulse-curve  is  somewhat  different  according  to  age.  The  pulse  of  aged 
persons  is  also  tricrotic,  i.e. , it  has  besides  the  main  ascension-wave  also  two  larger 
(secondary)  waves  upon  the  descension  line.  It  is  especially  characterized  by  the 
second  impulse  of  each  pulsation  (first  secondary  wave,  in  the  above  described  pulse 
of  the  adult  small)  possessing  a very  considerable  size  and  duration ; besides  that,  the 
apex  angle  is  very  acute  (considerable  celerity).  In  the  child’s  pulse  also  the  first 
Becomhiry  wave  is  larger  than  in  the  adults,  on  account  of  the  shorter  distance  of  the 
heart  from  the  artery  examined. 

In  increased  temperature  the  radial  pulse-curve  of  a healthy  adult  changes  in  the 
following  way.  If  the  axillary  temperature  increase  but  by  several  tenths  of  a degree, 
at  the  most  to  38.5  0.,  the  pulse-curve  becomes  incompletely  dicrotic,  suhdicrotic ; 
i.e.,  the  incision  between  the  first  and  second  descension  waves  becomes  larger,  and 
thereby  also  the  height  of  the  second  wave  (the  so-called  groat  ascension  wave)  more 
considerable.  The  first  descension  wave  is  never  divided  into  two  portions.  If  the 
temperature  rise  to  39  ’ C.  and  above,  the  pulse  becomes  constantly  more  dicrotic ; it 
is  completely  dicrotic  at  39.5°  to  40.5  0.  The  dicrotic  curve  is  characterized  by  the 
first  secondary  wave  having  become  still  smaller,  and  the  incision  between  it  and  the 
second  wave  extending  still  further  down,  to  the  base  of  the  curve,  i.e.,  to  the  point 
whence  the  ascension  line  began.  In  this  way  the  second  secondary  wave  has 
enlarged  very  much,  and  also  appears  later  as  in  normal  condit  ions.  1 1 is  distinctly 
felt  by  palpation,  every  contraction  of  the  heart  being  followed  by  a double  pulsation. 
Diorotism  is  best  marked  in  a soft  pulse,  e.g..  in  typhoid  fever,  although  it  is  more  or 
less  observable  in  all  severe  acute  diseases.  In  a further  increase  of  temperature  the 
perfect  dicrotism  is  surpassed,  i.e.,  the  large  incision  just  mentioned  between  the 
first  and  second  secondary  waves  becomes  still  deeper,  so  that  its  point  comes  to  bo 
placed  beneath  the  base  of  the  curve.  At  the  same  time  the  first  secondary  wave  is 
reduced  to  a minimum  : it  appears  only  as  a slight  unevenness  of  the  beginning  of  the 
descension-line.  Usually  the  pulse  has  also  become  considerably  smaller;  especially 
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is  this  seen  in  the  second  secondary  wave,  which  appears  so  well  in  dicrotism.  This 
type  is  called  snpcrdicrotic ; it  is  present  in  a temperature  of  41°  C.  and  more. 
Finally  the  highest  temperatures  are  accompanied  by  a pulse,  in  whose  curve 
(small  on  account  of  the  exceedingly  rapid  contractions)  the  second  large  secondary 
wave  (large  ascension)  also  Inis  been  reduced  to  a slight  inequality  or  has  entirely 
disappeared.  The  descension  line  appears  therefore  as  a line  sinking  quickly  and 
considerably  beneath  the  base  of  the  curve,  and  thereupon  rising  slowly  a little 
toward  the  straight-running  ascension  division  of  the  next  pulse-wave.  This  is  the 
monocrotic  type.  Between  the  several  curve-types  all  possible  intermediate  and 
transitional  stages  exist  in  reality. 

If  the  temperature  fall,  in  the  healthy,  to  the  lowest  normal  values,  tricrotism  is 
more  clearly  marked  than  in  the  average  normal  values.  In  the  main  the  same  con- 
dition of  the  pulse-curve  appears  co  existing  with  collapse-temperatures  in  the  sick, 
with  healthy  nervous  systems.  Extraordinarily  low  temperature-values  but  very 
rarely  occur  in  such ; they  have  been  observed  much  more  frequently  in  psychical 
disorders,  therefore  with  the  more  or  less  well  marked  pulsus  tardus  jieculiar  to  them 
(in  contrast  to  the  somewhat  quick  pulse  of  the  healthy).  The  extremest  degrees  of 
slowness  of  the  pulse  (/>.  numoeroto-turdus,  Wolff)  are  accordingly  present  in  psycho- 
ses with  extremely  low  temperature.  For  further  information  in  regard  to  this,  seo 
Wolff,  1.  c.;  undAUg.  Zschr.f.  Psych.,  XXIV.,  pp.  409  et  580;  XXV..  pp.  305  et  730. 

All  facts  tend  to  prove  that  the  manner  of  the  vibration  of  the  arterial 
wall  is  influenced  by  diverse  factors,  as  blood -press lire,  size,  repletion,  fre- 
quency, hardness,  tension  of  the  pulse,  and  that  the  exceedingly  various 
conditions  of  the  pulse,  cannot  bo  explained  by  one  single  cause.  At  any  rate, 
the  conditions  of  excitability  of  the  centres  of  the  vaso-motor  nerves  concur 
very  considerably  in  their  origin  ; but  the  closer  connection  is  not  under- 
stood. .Most  important,  for  the  study  of  fever,  of  the  facts  gained  through 
sphygmography,  is  the  demonstration  of  a moderate  dicrotism  of  the  pulse 
in  healthy  jiersons  with  normal  temperature,  which  becomes  with  febrile 
increase  of  t lie  body-heat  through  the  described  changes  in  the  descension 
line  of  the  pulse-curve  so  distinct  and  characteristic,  that  even  the  finger  is 
able  to  detect  it  readily. 

Changes  in  respiration  occur  in  all  diseases  attended  bv  fever,  not 
only  in  those  of  the  respiratory  organs. 

Above  all,  the  number  of  respirations  is  increased,  occasionally  quite  con- 
siderably. It  is  under  otherwise  similar  circumstances,  different  according 
to  the  intensity  of  the  fever  and  to  the  age,  as  also  to  the  sensitiveness  and 
hardiness  of  the  persons  examined.  With  average  height  of  temperature  a 
robust  adult  breathes  20-30,  a child  30—40  times  a minute  ; with  high  tem- 
peratures the  former  30—40,  the  latter  to  tiO  times ; younger  children  breathe 
still  more  frequently.  Robust  individuals  with  extensive  thorax  and  little 
nervous  excitability  present  even  in  high  fever  not  rarely  only  an  inconsider- 
able increase  in  the  respiratory  frequency,  while  in  feeble  persons  with 
excitable  character  of  the  fever,  respiration  may  become  exceedingly  fre- 
quent and  dyspnoe&ic,  without  t he  presence  of  pulmonary  or  cardiac  affections. 

Already,  on  account  of  the  circumstance  that  increased  warmth  in- 
creases the  excitability  of  the  nerves  and  of  the  functions  generally,  it  is 
probable  that  it  is  capable  of  producing  per  se  an  increased  frequency  of 
respiration.  Furthermore,  the  intimate  relations  between  the  former  and 
the  latter,  meaning  that  the  change  of  respiration  in  fever  is  the  conse- 
quence of  increased  body-heat,  are  proven  by  those  cases  of  disease  in 
which,  without  any  affection  of  the  respiratory  organs,  it  rises  and  falls  with 
the  dailv  fluctuations  of  the  latter,  as  well  as  by  those  in  which  with 
a decided  affection  of  those  organs,  e.g.t  in  croupous  pneumonia,  it  frills 
from  considerably  increased  numbers  to  the  normal  with  the  critical  defer- 
vescence, without  the  exudation  having  changed  in  any  way.  The  same 
power  of  decreasing  the  respirations  is  possessed  by  all  means  of  abstracting 
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heat,  of  reducing  sufficiently  the  febrile  increase  of  body-heat;  and  that  in 
proportion  to  the  degree  of  decrease  of  the  temperature.  In  the  same  way, 
artificial  increase  of  the  body-heat  produces  a simultaneous  considerable 
increase  of  the  respiratory  frequency  ; with  the  cessation  of  the  tempera- 
ture-increasing influence  the  number  of  respirations  rapidly  falls  to  the  nor- 
mal. 

If  Ackermann  (I).  Arch.  f.  kl.  Med.,  II.,  p.  300)  held  an  artificially  strongly 
heated  and  extremely  rapidly  breathing  dog  in  cold  water,  the  respiratory  orifices 
alone  remaining  out,  or  if  he  cooled  him  rapidly  by  some  other  means,  the  normal 
frequency  of  breathing  was  just  as  rapidly  (in  several  minutes)  re-established.  The 
same  happened  if  he  injected  cold  defibrinated  blood  in  not  too  minute  quantity 
rapidly  toward  the  lungs  into  the  jugular  veins  ; but  if  he  employed  for  this  warm 
blood,  it  did  not  occur.  In  high  temperature  of  the  animal  artificial  respiration  has 
no  great  influence  upon  the  frequency  of  its  independent  respirations,  not  even  when 
in  consequence  of  the  inflation  of  air  the  blood  in  the  veins  shows  a light  red  color ; 
while  through  artificial  respiration  in  low  temperatures  of  the  animal  the  breathing 
is  reduced  in  frequency,  and  is  even  brought  to  a stand  in  the  usual  temperature. 

Even  if  it  appears,  in  accordance  with  all  the  facts,  that  the  increase  of 
respiration  in  fever  is  caused  by  rise  of  the  body-heat — and  it  is  not  proba- 
ble that  there  are  any  other  factors  in  fever — we  do  not  mean  to  assert  that 
there  arc  not  accessory  elements  having  a certain  influence.  In  some  dis- 
eases such  elements  are  easily  recognized : such,  for  instance,  are  the  hin- 
drances to  respiration  which  interfere  with  the  exchanges  between  the  blood 
and  atmospheric  air,  such  as  occur  in  diseases  of  the  respiratory  passages  ; 
and  also  in  inflammatory  changes,  and  particularly  when  a pain  occurs  at 
the  height  of  inspiration. 

The  type  of  respiration  is  not  altered  by  the  occurrence  of  fever,  as  such  ; 
in  the  beginning  of  the  disease,  in  well-nourished  persons,  the  depth  of 
inspirations  is  often  increased.  Usually,  with  the  appearance  and  progress 
of  febrile  emaciation  and  exhaustion,  they  become  more  superficial  owing  to 
weakness  of  the  respiratory  muscles,  and  thereby  there  are  not  rarely  pro- 
duced hypostatic  affections  of  the  bronchi  and  lungs. 

RtEGEL  ( Athembewegunyen , Wiirtzb.,  1873)  noticed  in  observations  made  upon 
fever-patients  by  means  of  the  stethograph,  very  often  great  irregularity  in  the  indi- 
vidual respirations ; deep  ones  succeeding  in  a wholly  irregular  manner  to  superficial 
ones.  There  occurred,  repeatedly,  short  or  long  pauses  in  the  breathing,  as  well  sis 
disorder  in  the  relative  duration  of  inspiration  and  expiration.  He,  consequently, 
denies  the  existence  of  a constant  change  in  the  mechanism  of  breathing  in  fever. 

The  observations  of  Leyden  (D.  Arch.  f.  kl.  Med.,  VII.,  p.  536),  made  by 
another  method,  in  which  by  means  of  resistance  of  the  apparatus  the  volumes  of 
air  expired  during  a quarter  of  an  hour  was  directly  measured  in  febrile  and  in  non- 
febrile  states,  showed  a notable  increase  in  amount  of  air  breathed  iu  fever ; in  the 
proportion  of  lf-1^  : 1.  The  mean  measurement  obtained  from  all  the  observa- 
tions corresponded  with  that  of  each  series  of  observations. 

In  the  last  few  years  the  excretion  of  carbonic  acid  from  the  lungs  in 
fever  has  been  studied  with  especial  care,  because  it  was  thought  that  by 
this  a measure  for  the  estimation  of  the  amount  of  tissue-metamorphosis 
might  be  obtained. 

The  following  results  have  been  obtained  by  physiological  observation,  and  they 
bear  a certain  'relation  to  the  events  in  fever  (consult  Wundt,  Physiologic,  3 Aufl., 
1873).  The  stay  of  an  animal  in  air  of  a temperature  which  increases  his  body-heat, 
increases,  during  the  greater  frequency  of  the  respirations,  the  excretion  of  carbonic 
acid,  and  the  absorption  of  oxygen.  On  the  contrary,  in  a temperature  which  dimin- 
ishes the  body-heat,  the  amount  of  C03  expired  is  lessened ; but  in  this  case  the 
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decrease  in  the  absorbed  O is  not  proportional,  but  the  oxygen,  at  the  first  dimin- 
ished. is  notably  increased  after  prolonged  action  of  the  low  temperature.  Slight 
variations  of  temperature,  such  as  do  not  affect  the  body-heat,  appear  to  have  no 
effect  upon  respiratory  processes.  As  a rule,  the  amount  of  (JO,  is  increased  in  more 
frequent  respiratory  movements.  With  deeper  inspirations,  the  absolute  quantity  of 
CO;  expired  is  increased,  while  the  relative  proportion  of  CO,  in  the  expired  air 
is  diminished ; because  a larger  volume  of  air  can  diffuse  more  carbonic  acid  than 
a smaller,  and  at  the  same  time  a larger  volume  of  air  becomes  more  slowly  saturated 
with  the  gas.  In  general,  the  amount  of  expired  CO,  increases  with  the  amount  of 
carbon  in  the  food.  Among  the  substances  which  contain  much  carbon,  the  carbo- 
hydrates which  have  more  O in  their  composition  cause  the  excretion  of  much  more 
CO,  than  do  the  fats  and  albuminates  which  contain  less  O.  This  is  probably  owing 
to  the  fact  that  the  O contained  in  carbo-hydrates  requires  their  H for  the  forma- 
tion of  water,  so  that  the  whole  of  the  inspired  O can  be  used  for  the  combustion 
of  the  C into  CO, ; while  the  albuminates  and  fats  containing  less  O are  split  up  into 
products  of  oxidation  which  are  poorer  in  O thau  CO,,  and  pass  into  other  excretions. 
The  talcing  of  food  usually  produces  an  increase  in  the  excretion  of  CO,,  beginning  very 
soon  after  a meal,  reaches  its  maximum  in  2-3  hours,  and  then  decreases.  A decided 
decrease  in  the  exchange  of  gases  results  from  the  withholding  of  food,  and  if  this 
be  persevered  in  so  as  to  cause  death  by  starvation,  the  excretion  of  CO,  continues  to 
diminish  with  great  rapidity,  especially  toward  the  close  of  life.  This  excretion  is 
so  much  increased  by  muscular  excretion,  that  it  may  be  rendered  even  three  times 
as  great.  Correspondingly  with  the  greater  exchange  of  gases,  the  respirations  are 
increased  in  depth  and  frequency. 

Leyden  tl.  c..  p.  565)  found  in  fever,  together  with  decrease  of  the  percentage  of 
CO,  in  the  expired  air  (on  the  average  in  the  relation  of  3 in  the  feverish  to  3$  in  the 
non-febrile  state),  because  of  the  greater  quantity  of  the  air,  an  increase  of  CO,  in 
the  proportion  of  nearly  1$  : 1.  This  result  is  obtained  from  a large  number  of 
observations  on  patients  affected  with  different  febrile  diseases,  and  is  in  general 
indisputable,  although  the  method  is  not  faultless,  and  the  individual  experiments  do 
not  appear  absolutely  demonstrative. 

Likukrmeistkk  i Ibid. , VIII.,  p.  159/  found,  in  attacks  of  intermittent  fever,  that 
the  production  of  CO,  was  greater  during  the  npyrexin,  although  the  difference  was 
not  striking.  He  was  unable  to  determine  a constant  relation  between  degrees  of 
temperature  and  the  excretion  of  CO,.  .SimdDi.it  also  (Ibid.,  VI.,  p.  885)  observed  an 
increase  of  CO,  in  fever,  as  much  as  57,  according  to  Senator's  calculation. 

Senator  estimates  that  the  increased  excretion  of  CO,  amounts  to  57,  of  the 
normal  at  the  farthest,  and  as  a mean  quantity  37  ,.  This  excretion  must,  however, 
by  no  means  be  taken  as  equivalent  to  increased  production  of  CO„  for  in  fever  cir- 
cumstances are  very  favorable  to  excretion  (increased  ventilation  of  the  lungs  by 
accelerated  breathing,  increased  diffusion,  etc. ). 

A critical  increase  of  expired  COa>  comparable  to  that  of  urea,  has 
not  yet  been  observed. 

According  to  Senator  (FUberhft.  Proc***.,  Berlin,  1873),  this  is  to  be  explained 
by  the  facts  that  in  man  during  fever  the  conditions  are  more  favorable  for  the 
separation  of  CO,  than  for  the  excretion  of  urea,  because  an  accumulation  of  sub- 
stances rich  in  C and  devoid  of  N does  not  take  place. 


Lastly,  the  evaporation  of  water  from  the  lungs  is  increased  in  fever, 
inasmuch  as  the  volume  of  expired  air  is  larger  and  warmer  than  that  of 
the  non-febrile  state. 

1 he  phenomena  in  tiie  digestive  apparatus  in  febrile  diseases,  which 
are  chiefly  interesting  to  the  practitioner,  have  been  as  yet  but  little 
studied. 

1 he  function  of  digestion  is  so  much  disordered  that,  usually,  the  appe- 
tite is  diminished  or  wholly  lost,  the  thirst  is  increased,  constipation  is 
present.  At  the  commencement  of  fever,  chiefly  in  children  and  in  dis- 
eases which  ure  ushered  in  by  a chill,  and  also  shortly  after  preceding 
ingestion  of  abundant  food  difficult  of  digestion,  severe  vomiting,  occurring 
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once  or  more,  is  present,  and  tends  to  divert  the  physician's  attention  from 
the  disease  itself.  This  easily  destroys  the  appetite  entirely,  whereas,  in 
children,  moderate  vomiting  at  the  beginning  of  febrile  diseases  often 
exerts  a favorable  influence,  and  under  certain  circumstances  is  to  be 
encouraged.  Occasionally  in  the  first  few  days  even  of  a quite  severe  fever 
the  appetite  is  unchanged,  as,  for  example,  in  the  relapses  of  typhoid 
fever  it  may  even  be  excellent  ; though  in  such  cases  vomiting  is  easily 
induced,  and  complete  anorexia  ensues.  Occasionally  the  appetite  is  toler- 
ably well  preserved  during  the  whole  duration  of  the  affection,  and  there 
may  be  longing  for  substantial  articles  of  food,  the  gratification  of  which 
a cautious  physician  will  delay  and  restrict.  For  it  is  the  rule  to  see, 
after  the  ingestion  of  large  quantities  of  food,  perhaps  against  the  patient’s 
inclination,  symptoms  of  dyspepsia  or  even  of  gastric  catarrh.  All  facts 
go  to  show  that  fever  exerts  considerable  influence  in  diminishing  and 
destroying  desire  for  food,  and  in  disordering  digestion.  The  disorder  of 
digestion  is  in  a measure  intelligible,  if  we  recall  that  all  secretions,  and 
most  probably  all  of  the  digestive  fluids,  are  diminished  in  quantity  and 
quality.  The  diminution  of  appetite  cannot  be  satisfactorily  explained,  as 
long  as  we  are  not  better  acquainted  with  the  physiological  mechanism  of 
huuger  in  the  healthy  state : we  must  be  contented  to  designate  the  dis- 
like for  food  as  an  instinctive  feeling,  which  is  likewise  present  in  many 
other  disorders  of  gastric  digestion.  After  the  cessation  of  fever,  or 
toward  the  close  of  the  febrile  period,  the  appetite  and  digestive  power 
return,  if  there  exist  no  gastric  or  intestinal  disease. 

The  question,  so  all-important  for  rational  therapeutics,  whether  the  secretion  of 
digestive  fluids  is  diminished  and  altered,  has  hitherto  been  studied  in  a very  insuffi- 
cient manner.  Undoubtedly,  the  only  irreproachable  though  exceedingly  difficult 
method  to  determine  the  question  of  the  activity  of  the  digestive  organs  in  febrile 
conditions,  consists  in  careful  weighing  of  the  nitrogenous  and  non-nitrogenons  foods 
given  to  the  fever-patient,  and  in  a not  less  careful  and  exact  analysis  of  the  faeces  of 
the  patient. 

Hitherto  various  opinions,  untenable  in  many  respects,  have  been  held  on  this 
question,  because  tho  erroneous  results  of  old  experiments  and  observations  (Beau- 
mont) upon  gastric  digestion  were  applied  without  reserve  to  digestion  in  general. 
Besides,  absolutely  contradictory  observations  were  made : while  by  means  of  gastric 
fistula}  in  man  and  animals  (ScniFF  and  Beaumont)  it  was  noted  that  the  activity 
of  the  stomach  was  either  diminished  or  abolished  in  fever,  the  more  recent  investi- 
gations of  Paw,  Hoppk-Seylek,  and  others,  by  means  of  infusions  of  the  gastric 
mucous  membrane  of  men  who  had  died  of  fever,  showed  preservation  of  the 
digestive  power.  The  causes  of  these  contradictory  results  lie  in  the  methods  em- 
ployed. Manassein  (Virchow'*  Archie,  LV.,  p.  413)  procured  “natural  gastric  juice” 
by  means  of  sponges  swallowed  and  withdrawn,  and  made  “artificial  gastric  juice” 
from  the  well-washed  gastric  mucous  membrane  of  the  same  animal  with  the  addi- 
tion of  dilute  hydrochloric  acid.  In  the  course  of  his  investigations,  he  found  that 
the  natural  feebly  acid  gastric  juice  of  a feverish  animal  (with  septicaemia)  had 
much  less  digestive  power  than  the  more  acid  secretion  from  a healthy  animal.  The 
assumption  that  in  the  above-named  fever  the  pepsin  is  thrown  out  without  an  ac- 
companying proportionate  amount  of  acid,  is  in  agreement  with  the  opinion  that  the 
two  substances  are  produced  in  different  parts  of  the  stomach ; a view  which  is 
supported  by  many  other  facts.  In  the  “ artificial  gastric  juice”  of  feverish  animals 
he  found  that  fibrin  was  better,  and  albumen  not  as  well  digested  as  in  artificial 
gastric  juice  of  the  healthy  animal.  In  this  connection  it  should  be  noted,  that  the 
gastric  infusion  from  the  feverish  animal  was  slightly  though  constantly  more  acid 
than  that  from  the  healthy  animal ; although  the  latter  had  previously  furnished  a 
large  amount  of  “natural  gastric  juice.”  According  to  M.  the  administration  of 
acids  improves  the  digestion  of  animals. 

Of  the  other  digestive  fluids  only  the  parotid  secretion  lias  been  carefully 
studied. 


LOSS  OF  WATER  IN  FEVER. 
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Mosler  often  tried  to  test  this  in  febrile  diseases,  obtaining  it  by  means  of  a 
canula  inserted  in  Steno's  duct.  This  was,  nearly  always,  in  small  quantities,  and, 
especially  when  distinct  digestive  disorder  was  present,  of  acid  reaction,  though  it 
was  not  possible  to  determine  the  free  acid,  lie  supposes  that  owing  to  the  increased 
tissue-metamorphosis  in  fever  the  epithelium  of  the  gland-ducts  is  cast  off  more 
rapidly,  and  that  the  acid  reaction  is  produced  by  chemical  changes  within  the  cells. 
In  the  normal  state,  according  to  Okdenstein.  the  saliva  from  the  parotid  gland  is 
constantly  alkaline,  and  only  in  the  fasting  state  does  it  regularly  show  an  acid  or 
neutral  reaction.  In  other  cases  M.  was  unable,  although  using  all  means  to  excite 
the  secretion  (irritation  of  the  buccal  mucous  membrane,  masticatory  movements), 
to  obtain  a single  drop  of  liquid.  It  would  seem  as  if  the  secretions  were  often 
wholly  abolished,  as  it  would  seem  right  to  infer  from  the  simultaneous  dryness  of 
the  mouth  and  pharynx.  The  introduction  of  a canula  is  of  practical  importance, 
according  to  M. , for  the  removal  of  obstruction  in  Steno’s  duct  and  of  accumulated 
secretion,  an  important  cause  of  parotid  inllammation  in  severe  febrile  diseases, 
especially  typhoid  fever. 


Seldom  does  fever  exist  withotit  an  increase  ok  thirst  ; and  this  may- 
be so  great  that  ordinary  drinks  (cold  water,  lemonade)  afford  relief  only 
for  a few  minutes.  This  state  is  not  caused  by  febrile  desiccation  of  the 
body.  It  is  partly  dependent  upon  the  severity  of  the  buccal  and  pharyn- 
geal catarrh,  which  accompanies  every  intense  fever,  as  well  as  upon 
changes  in  the  gastric  mucous  membrane.  Dryness  of  the  mucous  mem- 
brane of  the  mouth,  particularly  that  of  the  tougue,  and  its  consequences, 
are  usually  relieved  by  earlv  ami  carefully  done  cold-water  treatment  of 
the  fever.  The  direct  dependence  of  the  dryness  of  the  buccal  mucous 
membrane  upon  the  height  of  the  temperature  is  demonstrated  by  the  effect 
of  severe  collapse,  as,  for  instance,  upon  the  occurrence  of  intestinal 
lnemorrhage  in  typhoid  fever;  in  which  case  the  tongue  becomes  moist 
when  the  temperature  falls,  in  spite  of  depletion  of  the  vascular  system, 
and  only  becomes  dry  again  when  the  fever  again  increases. 

Constipation  is  the  rule  in  fever,  except  when  increased  mucous  secre- 
tion is  produced  by  catarrhal  inflammation  of  the  intestines.  The  consti- 
pation is  most  probably  the  result  of  diminished  ingestion  of  food,  and 
consequent,  weaker  peristaltic  action  of  the  bowels;  though,  probably, 
a primary  lessened  secretion  of  intestinal  fluids  may  also  act  as  a cause. 

Evaporation  from  the  surface  of  the  skin  is  changed  in  every  case  of 
fever,  and  without  doubt  this  condition  is  one  of  the  important  means  of 
moderating  the  febrile  state.  Evaporation  takes  place  either  insensibly 
(insensible  perspiration),  or  appears  in  the  form  of  sweat.  Doth  forms, 
insensible  evaporation  and  sweating,  are  identical  in  kind,  though  different 
iu  degree  and  appearance ; sweat  being  the  expression  of  the  greatest 
amount  of  cutaneous  secretion,  in  the  shape  of  visible  drops. 

Among  the  three  modes  of  exhalation  of  water  from  the  body,  that  by  the 
skin  is  the  most  variable,  even  subject  to  incessant  fluctuations,  while  the 
pulmonary  exhalation  is  less,  and  the  renal  excretion  least  subject  to  dis- 
turbance by  external  aud  internal  conditions.  The  relations  of  cutaneous 
exhalation  to  the  body-heat  and  to  the  frequency  of  the  pulse  are  very  inti- 
mate. On  the  average  it  rises  and  falls  in  the  same  ratio  as  the  two  last,  if 
no  special  factors,  such  as  local  applications  of  cold,  destroy  the  uniformity 
ol  the  conditions;  it  increases  iu  very  various  degrees  with  the  progressive 
elevation  of  the  average  normal  temperature.  In  fever,  on  the  contrary, 
the  amount  ol  perspiration  depends  less  upon  the  degree  of  temperature 
than  upon  certain  peculiarities  of  the  disease : we  consequently  often  observe 
sometimes  a dry,  sometimes  a wet  skin,  with  high  body-temperature.  For 
instance,  the  skin  is  dry  in  the  chill-period  of  fever,  in  the  majority  of  cases 
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of  typhoid  fever,  of  pneumonia,  scarlet  fever,  the  eruptive  fevers  in  general; 
it  is  found  covered  with  sweat,  frequently  in  equally  considerable  elevations 
of  temperature,  in  acute  rheumatism,  puerperal  fever,  miliary  tuberculosis, 
etc.  '1  lie  most  copious  febrile  sweats  are  observed  in  the  stage  of  defer- 
vescence, more  especially  if  this  take  the  form  of  crisis,  though  not  rarely 
also  with  the  morning  falling  of  temperature  of  lvsis,  as,  for  example,  in 
typhoid  fever,  and  in  hectic  fever.  The  best  known  is  the  abundant  secre- 
tion of  perspiration  in  the  sweating  stage  of  malarial  intermittent  fever,  and 
in  the  crisis  of  pneumonia.  In  spite  of  these  facts,  it  cannot  be  assumed 
that  there  exists  any  immediate  relation  between  the  secretion  of  sweat 
and  febrile  heat.  The  fall  of  temperature  of  crisis  is  by  no  means  the  con- 
sequence of  the  critical  sweat,  since,  as  a rule,  the  temperature  begins  to 
diminish  and  continues  to  do  so  for  a while  before  the  secretion  appears; 
and,  besides,  the  amount  of  heat  which  is  taken  from  the  body  by  the  eva- 
porating water  is  not  large  enough  to  account  for  such  a view.  At  the 
most,  only  a moderate  influence  on  the  lowering  of  temperature  can  be 
attributed  to  it.  And,  on  the  other  hand,  an  abundant  sweat  is  as  little 
the  result  of  a great  lowering  of  the  temperature  as  dryness  of  the  skin  is 
the  result  of  a highly  febrile  condition.  It  is  presumable  that  the  amount 
of  cutaneous  exhalation  essentially  depends  upon  certain  changes  and  pro- 
cesses in  the  nervous  system  which  are  in  close  relation  to  animal  heat,  just 
as  under  physiological  circumstances;  partly  upon  the  presence  or  absence 
of  certain  chemical  products  of  metamorphosis. 


While  many  (Weyricti,  Unmerkl.  Wasscrverd.,  1863)  do  not  think  it  necessary  to 
assume  the  existence  of  a secretory  apparatus  other  than  the  general  surface  of  the 
body  to  account  both  for  the  sweat  and  for  insensible  perspiration,  it  is  not  probable, 
in.  Leyden’S  opinion  (D.  Arch.  f.  kiln.  Mod.,  V..  p.  <166),  that  the  sweat  is  only  an 
increase  of  the  perspiration  through  the  walls  of  bloodvessels  Much  more  probably 
it  is  to  be  considered  as  a true  secretion,  inlluenced  by  other  factors  than  the  mere 
afflux  of  blood.  In  the  heat  of  fever,  while  the  vessels  of  the  skin  are  enlarged  and 
filled  with  blood,  sweating  is  not  observed.  At  any  rate,  the  occurrence  of  an  impor- 
tant increase  of  cutaneous  secretion  cannot  be  assumed  in  fever. 

Neumann  (lrutug.  Diss .,  Dorpat,  1871)  finds, — in  opposition  toFurcv  ( Dorpat . med. 
Zeitschr .,  1876,  Bd.  III.,  p.  3;1<1),  who  holds  that  an  increase  of  insensible  perspiration 
in  fever  is  very  possible  but  not  necessary,  and  who  does  not  see  any  parallelism  be- 
tween the  height  of  the  temperature  and  perspiration, — after  experimenting  on  dogs 
in  whom  fever  had  been  induced  by  the  injection  of  putrid  substances,  that  there 
constantly  appeared  an  increase  of  insensible  perspiration  with  an  increase  of  tem- 
perature, and  he  claims  that  a parallelism  does  exist.  PunziNOWlTSCH  (Med.  Centrbl., 
1871,  No.  14)  came  to  dissimilar  conclusions. 

Upon  the  question  of  the  chemicat.  composition  of  febrile  sweat  in  particular, 
investigations  have  as  yet  given  no  results  worth  naming.  It  is  not  yet  certainly  estab- 
lished that  the  sweat  always  contains  urea  (J.  Ranke,  ventm  Favke,  Funke,  L. 
Meyer,  II.  Meissner).  Even  if  this  statement  should  be  verified,  the  amount  of 
the  substance  remains  wholly  unknown.  It  is  presumable  that  considerable  amounts 
of  urea  can  leave  the  body  in  this  way  ; at  least  it  has  been  repeatedly  observed  that 
on  days  in  which  copious  sweats  occurred  the  amount  of  urea  excreted  by  the  urine 
was  much  reduced  from  the  usual  quantity,  and  it  has  been  surmised  that  the  balance 
had  been  carried  away  with  the  perspiration.  Occasionally,  also,  the  surface  of  the 
body  has  been  seen  covered  with  a crust  consisting  of  urea,  after  the  evaporation 
of  profuse  sweats. 


With  regard  to  the  excretion  of  carbonic  acid  through  the  skin,  it  is 
known  that  its  quantity  Is  not  at  all  comparable  to  that  excreted  by  the 
lungs. 

Aubert  and  Lange  (Arch.  f.  d.  ges.  Phi/s.,  1873,  VI.,  p.  540)  calculated  from  their 
experiments  that  its  amount  in  twenty-fours  reaches  a maximum  of  6.3  grm.,  a mini- 
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mum  of  2.8  grm. . and  a mean  of  3.87  grm. . — to  he  raised  to  4 grin,  if  the  head  be 
included  in  the  estimation.  The  temperature  of  the  external  air  exerts  an  undoubted 
and  very  great  influence  upon  this  exhalation : the  higher  the  temperature  the  more 
CO,  is  separated.  The  following  table  exhibits  the  daily  amounts  of  exhalation  in 
one  experiment : 


In  air  at  28. 6 3 C.  the  amount  of  CO*  was  2.9 
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And  the  observer  w as  as  comfortable  while  naked  during  the  experiment  in  air  at  SO3 
C.  as  when  clothed  in  air  at  19  C.,  while  31  C.  and  32  C.  proved  disagreeable, 
though  inducing  sweating.  The  cause  of  this  increased  exhalation  in  higher  tempera- 
tures lies  in  the  distention  of  the  capillaries  of  the  skin  and  increased  flow  of  blood 
through  them.  BeinhaBD  ( Zeitecfir.  f.  Hiologie.  18(59,  V..  p.  37)  estimates  the  amount 
of  CO:  exhaled  from  the  whole  skin,  upon  the  basis  of  the  quantity  determined  to 
escape  from  one  ami,  at  a mean  of  only  2.23  grm.  RcBAULINO  (Journal  f.  prokt. 
Chan.,  XXXVI..  p.  453  of  year  1845)  and  HoiiKfO  < DmiUche  Klitiik , 1872.  p.  209) 
obtained  much  larger  quantities;  the  former  about  32  grm..  the  latter  14-19.5  grm. 
per  diem. 


Better  investigations  have  been  made  upon  the  subject  of  the  collec- 
tive  insensible  LOSSES  through  the  skin  and  lungs.  Compare  what  is  said 
further  on  about  the  body-weight.  In  general  the  increase  in  the  losses  is 
permanent. 


According  to  Senator  (Fleherkft.  />■»-«.,  1873,  p 127).  the  loss  of  water  consti- 
tutes a somewhat  larger  part  of  the  total  loss,  although  the  proportion  of  carbonic 
acid  is  very  important.  The  following  are  the  most  reliable  figures  on  the  subject ; 
whereas  the  total  loss  increases  (in  fever i by  43  per  cent.  (LEYDEN),  the  CO..,  under 
favorable  circumstances,  increases  by  37  per  cent,  at  the  farthest. 


The  urine,  in  persons  who  were  previously  healthy  and  strong,  is  often 
secreted  in  smaller  quantities  at  the  beginning  of  an  attack  of  fever;  it  may 
be  reduced  to  800  C.  cent,  (one-half  the  normal)  and  less.  Its  amount  is 
seldom  quite  normal,  even  more  seldom  actually  increased ; both  of  these 
states  occur  with  some  degree  of  frequency  for  a while  at  the  acme  of  a 
febrile  state,  although  the  rule  is  that  the  urine  is  diminished  in  this  jieriod 
also;  this  exception  to  the  rule  is  observed  only  in  febrile  attacks  of  short 
duration,  as,  for  example,  in  ephemeral  fever,  and  in  paroxysms  of  inter- 
mittent fever.  In  general  it  may  be  stated  that  constant  diminution  of  the 
daily  amount  of  urine  indicates  that  the  disease  is  increasing  in  intensity, 
while  its  steady  increase  has  a contrary  meaning.  In  other  respects,  the 
relation  of  the  amount  of  urine  to  the  period  of  the  fever  is  very  variable, 
and  a general  Statement  respecting  this  cannot  as  well  be  made  as  in  regard 
to  the  amount  at  the  height  of  the  fever.  Exact  analyses  of  the  urine  have 
shown  that  the  reduction  in  the  amount  of  urine  depends  u|»on  diminished 
excretion  of  water  by  the  kidneys. 

What  is  the  final  cause  of  this  lessened  excretion,  whether  it  is  diminution  of  the 
blood -pressure,  a nervous  influence,  etc.,  is  not  certainly  known.  The  marked  in- 
crease in  evaporation  from  the  skin  which  accompanies  increased  bodv-heat,  undoubt- 
edly exerts  a considerable  influence,  and  it  is  presumable  that  a larger  amount  of 
perspiration  cannot  co-exist  with  increased  renal  secretion,  and  that  in  a contrary  way 
the  extreme  renal  activity  determined  by  drinking  too  much,  can  bo  reduced.  In 
Borne  few  diseases  with  copious  exudation,  pleurisy  for  example,  the  quantity  of  urine 
is  somewhat  reduced. 

According  to  Senator  ( Fieberhft . Proa  , 1873,  p.  124),  the  amount  of  urine  passed 
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during  fever  rises  and  falls  in  general  according  to  the  amount  of  liquid  taken,  although 
in  fever  a smaller  part  of  the  ingested  water  passes  out  of  the  kidneys  than  in  non- 
febrile  states.  This  is  an  important  difference  between  the  febrile  diseases  of  man 
and  the  purulent  fever  artificially  set  up  in  the  dog.  Exceptions  are  caused  by  indi- 
vidual peculiarity,  by  special  features  of  the  disease,  by  morbid  states  of  the  skin  and 
lungs,  etc. 

Naunvn  (Are7i.  /.  Anal.  Phys.,  v.  *.  w.,  1870,  p.  175)  found  in  his  experiments 
upon  dogs  in  whom  he  had  produced  fever,  and  who  drank  normally,  the  quantity  of 
watery  excretion  by  the  kidneys  diminished  even  more  regularly  than  is  the  case  in 
feverish  men.  In  the  period  of  “ latent  fever”  (vide  infra),  before  the  rise  of  tem- 
perature, the  quantity  of  urine  was  lessened,  not  on  account  of  simultaneous  increase 
in  the  exhalation  of  water  by  the  skin  and  lungs,  but  exact  weighing  showed  the 
cause  to  be  retention  (of  unknown  causation)  of  water  in  the  body.  In  a few  cases 
this  retention  of  water  lasted  some  time  longer  than  the  period  of  latent  fever,  being 
then  succeeded  by  a copious  normal  secretion,  and  consequently  increase  of  the  urine. 
This  increase  takes  place  about  the  time  of  the  greatest  height  of  fever,  and  is  never 
so  considerable  as  to  justify  the  inference  that  there  is  a marked  increase  in  the  total 
amount  of  urine  during  the  whole  course  of  the  fever.  Senator  ( Virch.  Arch  tv, 
XLV.,  p.  395)  came  to  similar  conclusions.  He  explains  the  phenomenon  (increase  of 
urine  at  one  period)  by  the  separation  of  more  urea,  a substance  which  facilitates  the 
transudation  of  the  watery  part  of  the  urine. 

Tins  color  of  fever-urine  is  decidedly  darker,  yellowish-red  to  red,  without 
containing  blood  or  biliary  pigment ; the  color  is  the  more  marked  the  less 
urine  there  is.  It  is  reckoned  that  there  is  a twenty-fold  increase  of  urinary 
pigment  in  fever.  It  is  probable  that  this  dark  color  of  the  urine  of  fever- 
patients  is  due  to  the  destruction  of  red  blood-corpuscles,  whose  coloring 
matter  has  not  been  completely  oxidized  previous  to  excretion. 

Naunvn  (Arch.  f.  Anal.,  etc.,  1808,  4 lift.)  has  shown  that  if  a large  amount  of 
blood-pigment  is  at  once  set  free  in  the  blood,  a part  of  it  may  pass  out  unchanged 
through  the  kidneys.  That  this  seldom  occurs  in  fever,  is  owing  to  the  fact  that  the 
destruction  of  red  globules  takes  place  gradually  and  in  all  parts  of  the  circulatory 
apparatus. 

According  to  Jaffe  (Virch.  Arch..  XLVIT.,  p.  405),  the  urine  of  man  constantly 
contains  a red  pigment,  which  he  calls  urobilin,  and  which  is  characterized  by  a pecu- 
liar spectral  absorption-band,  and  in  its  solution  a strong  green  fluorescence  may  be 
produced.  It  is  derived  from  the  bile,  of  which  it  is  a constant  constituent,  though 
it  is  uncertain  whether  it  is  related  to  the  other  biliary  pigments.  Urobilin  is  present 
in  much  larger  quantities  than  normal  in  all  febrile  conditions,  especially  in  those 
which  are  accompanied  by  the  secretion  of  scanty,  concentrated,  and  dark  urine. 

Various  opinions  are  held  upon  the  question  of  the  amount  of  free  acid 
in  the  urine  of  fever.  J.  Vogel  almost  never  found  it  increased,  as  a rule 
it  was  diminished;  Unruh,  on  the  contrary,  always  observed  an  increase  of 
its  absolute  quantity,  at  least  at  the  acme  of  acute  febrile  diseases. 

In  spite  of  diminution  of  the  salts  of  urine  in  consequence  of  tlio  taking 
of  less  solid  food,  the  specific  GRAVITY  of  the  urine  of  fever  is,  as  a rule, 
increased,  usually  to  more  than  1020,  chiefly  by  increase  of  urea. 

It  is  now  firmly  established,  by  numerous  recent  investigations,  that  in 
fever  the  nitrogenous  constituents  of  the  urine  are  excreted  in  greater 
quantity,  at  least  in  comparison  with  the  amount  separated  in  health  under 
similar  conditions  of  feeding;  and  it  is  very  probable  that  this  increased 
excretion,  which  is  more  or  less  great  according  to  circumstances,  goes  hand 
in  hand  with  the  fever-heat.  This  is  now  tolerably  certain  with  respect  to 
UREA. 

The  difference  in  the  excretion  of  urea,  in  and  out  of  the  febrile  period,  appears 
most  distinctly  in  those  diseases  which  last  only  a short  time,  and  in  which  a high, 
temperature  is  quickly  followed  by  a fall  to  the  normal.  Thus,  particularly  in  inter- 
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mittent  fever,  in  which  the  febrile  excretion  of  urea  was  first  studied  by  Tratjbe  and 
JochmvXN,  afterward  by  H.  Rvnke,  Unr.K,  and  others.  However,  some  contradic- 
tory results  have  been  obtained,  according  to  which  the  greatest  amount  of  urea  is 
separated  on  the  day  when  fever  is  absent,  as  advanced  by  Griksingkr  and  HAM- 
MONO.  SCTli'i-TZEN  at  last  showed  that  nearly  always  the  increase  of  urea  was  not 
marked  on  the  day  of  fever,  or  on  that  of  apyrexia,  and  that  the  opposite  conclusion 
depended  more  or  less  upon  accidental  circumstances.  Contrarily,  Sidney  Ringer 
had  alreadv,  by  means  of  observations  upon  the  temperature  and  urine  every  quarter 
of  an  hour'  demonstrated  anew  the  most  important  facts  bearing  upon  this  question  : 
showing  that  the  excretion  of  urea  becomes  greater  even  before  the  period  of  chill, 
that  it  reaches  it  maximum  in  that  period,  begins  to  decrease  in  the  period  of  heat, 
and  falls  rapidly  in  the  sweating  stage.  If,  as  HCPFBRT  has  done  1-1  re! at  der  Hoik. , 
VII.,  p.  48),  we  take  the  hourly  mean  of  his  (Ringer's)  analyses  of  urine  in  the 
various  stages,  dividing  the  period  preceding  the  chill  into  two  ports  according  to  its 
length,  we  obtain  the  following : 

Amount  of  nrine,  TTn>*,  Na  Cl. 

C.  cent.  prm.  gnu. 

< 41  0.91*9  0.073 

•'<00  1.224  0.226 

...65  1.545  0.290 

...60  1.338  0.167 

. . .50  0.587  0.083 

The  increase  of  urea  in  the  chill-period,  which  may  reach  a quantity  triple  of  that 
excreted  before,  can,  according  to  H.,  be  dependent  neither  upon  food  nor  drink,  but 
is  undoubtedly  in  close  relation  to  the  elevation  of  body-heat  It  is,  furthermore, 
interesting  that  the  amounts  of  urine  and  chloride  of  sodium  rise  and  fall  with  the 
quantity  of  urea,  a phenomenon  already  observed. 

Unrcu  ( Virch.  ArcJiit , XLVIII.,  p.  268)  noted,  in  numerous  observations,  that, 
exclusive  of  the  few  eases  in  which  on  account  of  peculiar  conditions  the  amonnt  of 
urea  is  not  increased,  the  amount  of  increase  is  variable  in  severe  fever,  and  may 
oscillate  between  1.06  and  8.07  times  the  normal  quantity.  The  average  amonnt 
obtained  by  him  was  30.576  grm.,  or  1.7  times  the  normal  quantity  in  the  fasting 
state. 

According  to  HUPPKRT  (1.  a,  p.  371,  who  gives  a very  careful  collection  of  numerous 

old  and  recent  observations,  the  estimates  of  excretion  of  urea  in  febrile  states  (medi- 

cal and  surgical  oases)  may  l*o  summed  up  as  indicating  that  more  of  this  substance 
is  produced  than  in  the  healthy  state,  in  spite  of  the  impaired  nutrition  in  fever,  and 
that  the  amount  of  urea  separated  may  lie  taken  as  an  index  of  the  height  of  the 
fever.  The  more  carefully  the  temperature  is  taken  the  more  the  correspondence 
pointed  oirt  above  between  it  and  the  amount  of  urea  produced  is  made  apparent. 
The  correctness  of  this  hist  statement  has  been  called  in  question,  while  no  important 
objection  has  been  urged  against  the  former.  Unheh  ( VircJi.  Arrhiv.  XLVIII..  p. 
273)  raises  the  objection  that  even  with  (hardly  practicable)  constant  measurement  of 
the  temperature,  supposing  that  this  exhibits  fluctuations,  it  can  never  be  exactly 
determined  what  is  the  relation  between  the  varying  amounts  of  urea  contained  in 
urine  voided  from  time  to  time  and  the  varying  degrees  of  body-heat.  Besides,  it 
must  tie  remembered  that  with  the  above  method  the  errors  produced  by  the  taking 
of  food  and  drink  are  rendered  more  glaring:  in  the  period  of  remission  the  amount 
of  urine  is  diminished  because  of  less  thirst,  and  in  the  period  of  exacerbation  it  is 
increased  because  of  tho  opposite  state.  U.  consequently  thinks  that  it  would  be 
better,  instead  of  making  numerous  measurements  in  one  day  on  one  individual  and 
comparing  the  various  stages  of  the  fever,  to  estimate  the  relation  between  the  urea 
excretion  and  the  height  of  temperature  with  reference  to  the  relation,  in  other  indi- 
viduals, between  nutrition  and  production  of  urea. 

If  it  be  correct  that  the  amount  of  urea  excreted  corresponds  to  the 
degree  of  temperature,  then  this  excretion  must  be  greater  in  sev  ere  con- 
tinued fever  than  in  a more  moderate  one,  and  falls  of  temperature  must  lie 
accompanied  by  simultaneous  and  corresponding  diminutions  in  the  amount 
of  urea.  These  deductions  are  not  always  verified  bv  observation.  In 
some  cases  an  impaired  state  of  nutrition  before  the  fever  will  suffice  to 
keep  the  excretion  of  urea  down  to  a minimum,  even  during  high  fever. 


Before  the  chill. 

Period  of  chill. . 
“ heat. . 

“ sweat 
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-Again,  this  excretion  may  be  larger  (with  abundant  sweating)  in  mild  fever 
than  in  severe  and  continued  fever.  Furthermore,  there  is  observed,  es- 
pecially at  the  beginning  of  the  fever,  a remarkably  small  excretion  of  urea 
in  proportion  to  the  height  of  temperature,  while  on  the  following  days, 
with  the  same  temperature,  the  urea  may  reach  a remarkable  amount.  The 
opposite  may  also  be  met  with,  though  rarely. 


Sidney  Ring  Kit  ( vide  IIurPEitT,  Arch.  d.  I It  ilk p.  44  et  seq.)  has  discovered  that 
in  intermittent  fever  the  increased  excretion  of  urea  may  appear  even  before  the 
period  of  chill,  in  advance  of  the  rise  of  temperature ; while  in  the  febrile  attacks  of 
a phthisical  person,  on  the  contrary,  the  urea  first  increased  with  the  rise  of  body- 
heat.  A pro-febrile  increase  of  urea  has  repeatedly  been  observed  just  before  the 
relapse  of  relapsing  fever. 

Lastly,  the  amount  of  urea  in  the  period  of  cessation  of  fever  is  often 
greater  than  in  the  time  of  greatest  fever ; and  in  diseases  which  end  criti- 
cally there  may  be,  with  a perfectly  normal  temperature,  an  epicritical 
excretion  of  this  substance,  often  greater  in  amount  than  what  was  separated 
during  the  febrile  period,  but  never  exceeding  the  normal.  Various  opinions 
have  been  expressed  as  to  the  cause  of  this  excessive  epicritie  excretion  of 
urea,  which  may  continue  two  or  three  days.  A part  of  the  urea  thus 
separated  may  very  well  have  been  produced  during  the  period  of  fever. 

Htttpf.ut  {Arch.  cl.  I Talk.,  X.,  p.  600),  in  connection  with  an  attempt  to  solve  this 
question  in  two  cases  of  relapsing  fever  in  which  increased  urea-excretion  showed  itself 
the  day  after  the  short  elevation  of  temperature,  expresses  himself  as  follows : “ If  it 
can  be  assumed  that  during  the  fever  ‘stabile  organ-albumen’  is  changed  in  snoh  a 
way  that  it  behaves  just  like  • movable  provision-albumen  ’ (‘circulation-albumen’  of 
Vo  it)  toward  the  disordered  functions  of  the  organism,  it  follows  from  the  various 
observations  that  the  nitrogenous  products  of  decomposition  of  this  ‘ provision-albu- 
men ’ will  not  be  excreted  on  the  day  when  the  fever  occurs.  Since,  according  to  our 
present  knowledge  of  the  time  which  the  nitrogenous  ultimate  products  of  albuminous 
substances  remain  in  the  body,  it  is  not  permissible  to  assume  that  they  are  carried 
away  at  so  late  a period  in  the  excretions,  we  may  conclude  that  during  the  fever 
either  only  the  transformation  of  organ-albumen  into  provision-albumen  is  completed, 
or  that  during  the  fever  the  organ-albumen  becomes  split  up  into  a simpler  non-nitro- 
genous  product  (whence  the  assumption  that  it  is  burnt),  and  into  a yet  complicated 
nitrogenous  residue  which  need  not  be  decomposed  into  other  products  during  the 
prevalence  of  the  great  body- heat,  but  is  so  split  up  for  the  first  time  in  the  next 
succeeding  period.  I am  more  inclined  to  hold  the  latter  opinion  than  the  former, 
because  the  diminution  of  urea-excretion  took  place  more  slowly  in  E.  (patient’s 
initial),  who  was  insufficiently  nourished,  than  in  II.,  who  was  well  nourished.  Aside 
from  the  facts  obtained  directly  by  observation,  that  increase  of  urea-excretion  may 
follow  the  lowering  of  the  temperature  and  need  not  take  place  simultaneously  with 
it,  it  may,  furthermore,  be  inferred  that  in  rapidly  repeated  (daily)  paroxysms  of 
fever,  the  additional  amount  of  nitrogen  thrown  out  does  not  necessarily  correspond 
to  the  periods  of  high  temperature.  In  repeated  febrile  attacks  there  may  occur 
accumulation  of  nitrogenous  substances.  ” 

Riesenfei.d  ( Virchow's  Arch.,  XL VII.,  p.  130)  rejects  the  idea  that  the  retarda- 
tion of  the  excretion  of  urea  can  be  essentially  dependent  upon  the  taking  of  food. 
For.  as  this  is  nearly  null  in  fever,  especially  in  its  relapsing  forms,  aud  after  the 
fever  only  increases  very  gradually,  there  should  occur  immediately  after  the  fever 
a gradual  increase  in  the  amount  of  urea  excreted,  which  is  never  the  case.  VoiT 
has  established  that  the  whole  of  the  nitrogen  introduced  with  the  food  must  make 
its  appearance  in  the  fames  and  urine  within  twenty-four  hours,  provided  that  the 
organism  be  in  a state  of  equipoised  nutrition.  This  state  is  not  by  any  means 
present  immediately  after  the  cessation  of  fever ; it  is  rather  to  be  assumed  that  the 
condition  then  existing  is  like  that  following  a period  of  inanition.  In  such  a case 
the  greater  part  of  the  food  taken  is  generally  used  for  the  replacing  of  lost  ele- 
ments. If  the  urea  excreted  in  the  epicritie  period  derives  chiefly  from  the  food, 
then  its  quantity  immediately  after  the  fever  must  be  relatively  small,  and  it  must 
afterward  gradually  increase.  The  contrary  is,  however,  the  case,  and  according  to 
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the  facts  observed,  this  retention  cannot  be  ascribed  to  greater  drinking  of  water  and 
consequently  increased  carrying  off  of  urea.  Consequently,  the  only  possible  cause 
of  this  increased  excretion  is  increased  metamorphosis,  and,  as  it  cannot  be  sup- 
posed that  during  the  long-continued  low.  often  sub-normal  temperature  after  the 
crisis,  an  increased  consumption  of  the  constituents  of  the  body  takes  place,  the 
conclusion  is  justified  that  the  increased  epicritic  excretion  of  urea  is  the  result  of 
the  more  active  chemical  changes  during  the  febrile  period.  It.  further  states  that 
these  increased  products  of  metamorphosis  originating  during  the  fever,  may  be 
retained  m the  organism,  to  undergo  a gradual  elimination ; and  thinks  that  since 
according  to  Vo  IT  urea  cannot  be  stored  up  like  chloride  of  sodium,  this  law  of  the 
normal  state  is  overthrown  daring  and  after  the  fever,  or.  what  is  much  more  prob- 
able. that  the  nitrogenous  products  of  oxidation  during  the  febrile  state  do  not  con- 
sist of  urea  alone,  but  chiefly  of  its  antecedents,  creatin.  etc. 

According  to  SCH L'LTZKN  ( Char.-Annal .,  XV.,  p.  108),  the  last  opinion  is  inad- 
missible. The  assumption  of  an  accumulation  of  products  intermediate  between 
albumen  and  area,  is  justified  by  no  analogy.  The  natural  forms  preceding  urea  are 
probably  the  same  as  those  which  are  artificially  obtained  by  splitting  up  of  the 
albuminates  by  means  of  acids  and  alkalies  (viz.,  leucin.  glvcocol,  and  tyrosin  ; 
probably  also  asparaginic  and  glutaminic  acids);  the  transition-forms  between  albu- 
minates and  the  alwve  substances,  which  arc  produced  by  treatment  with  acids  and 
alkalies,  are  substances  which  have  the  greatest  analogy  to  the  natural  peptones,  are 
soluble  in  every  proportion  in  water,  and  which  have  an  extraordinarily  small  co- 
efficient of  diffusion.  In  conditions  in  which  complete  oxidation  is  prevented  (acute 
atrophy  of  the  liver,  poisoning  by  phosphorus)  these  bodies  constitute  the  ultimate 
products  of  tissue-changes,  and  are  excreted  through  the  kidneys  just  as  urea  is 
under  normal  conditions.  If  those  products  are  formed  in  such  quantities,  during 
fever,  that  the  process  of  combustion  is  not  sufficient  for  tlieir  destruction,  there 
mnst  be,  in  addition  to  the  important  excretion  of  Urea,  a certain  amount  or  at 
least  a small  quantity  of  these  substances  in  the  urine.  This  is  certainly  not  the 
case,  however,  as  analyses  of  the  uriue  show.  The  conception  of  an  accumulation 
of  nitrogenous  forerunners  of  urea  can  only  be  supported  by  the  far-fetched  as- 
sumption, that  wholly  abnormal  non  diffusible  substances  are  produced  in  fever. 
The  post-febrile  excretion  of  urea  is  explained  by  S.  in  the  following  manner : 
During  the  febrile  state  a part  of  the  organ-albumen  [ tasscs  into  the  circulation,  thus 
entering  the  sphere  of  oxidation  in  the  economy,  is  split  np,  and  oxidized  to  urea. 
This  is  probably  due  to  the  destruction  of  a numiter  of  those  cellular  elements  which 
are  looked  upon  as  storehouse-,  for  albumen.  In  the  healthy,  VolT's  nitrogen-equi- 
poise exists : in  sndden  iucrease  of  the  amount  of  food  albumen  is  retained  in  the 
body  because  the  eelinlar  storehouses  take  up  enough  albumen  to  place  themselves 
in  equilibrium  with  the  more  concentrated  surrounding  fluids;  in  diminution  of  the 
amount  of  food,  the  circulation  albumen  contained  in  the  fluids  is  oxidized,  and  its 
diminished  concentration  causes  an  outpouring  of  albumen  from  the  storehouses,  the 
flow  continuing  until  the  equilibrium  is  restored  between  the  amount  of  albumen 
in  the  circulating  fluid,  and  that  in  the  storehouses.  The  analogue  of  increased 
supply  of  food  in  the  healthy  is,  in  fever-patients,  the  increase  of  the  circulation- 
albumen  by  the  destruction  of  albuminous  cells ; by  which  are  caused ; 1 . the 
increased  production  of  urea ; 2.  an  outpouring  of  albumen  toward  unchanged  cells, 
and  other  albuminous  organs.  If  the  fever  now  suddenly  cease,  and  with  it  the  de- 
struction of  cells,  a state  is  produced  resembling  that  present  in  hungry  persons. 
In  consequence  of  the  cessation  of  the  febrile  destruction  of  cells,  the  production  of 
urea  diminishes,  but  does  not  suddenly  fall  to  a minimum,  but  continues  for  a time 
tolerably  great,  because  the  overcharged  albuminous  organs  must  lie  placed  iu  equi- 
librium with  the  circulating  fluids  before  the  organism  can  take  up  more  nitrogen 
than  it  can  excrete.  A fever-patient  consequently  is  just  like  a person  undergoing 
fattening,  but  upon  the  cessation  of  the  fever  he  resembles  a starving  one,  with  the 
difference,  that  the  fever-patient  sulisists  upon  his  own  materials,  and  that  when  the 
fever  ceases  this  source  of  food  is  exhausted. 

U-Mti  ir  ( 1 1 reh.  Arch...  XLVUI.,  p.  284)  considers  it  probable  that  for  a short  time 
after  the  crisis  increased  oxidation  of  albuminous  substances  goes  on,  although  the 
" lw  ,‘  ,l,“ount  of  urea  cannot  lx:  thus  derived.  The  assumption  of  the  retention  of 
excretions,  or  of  imjwrfect  products  of  oxidation,  which  is  rejected  by  SCHULTZEN, 
!'  "e‘“  .•»  agreement  with  Rikskxeei.d,  as  necessary  to  the  explication  of 

increased  epicritic  excretion  of  urea  Besides.  U.  rejects  the  hypothesis  that  this 
process  can  be  caused  by  the  absorption  of  an  exudation,  as  in  pneumonia,  for  ex- 
ample. especially  as  the  same  phenomenon  is  observed  without  preceding  exudation, 
as  in  exanthematous  typhus,  erysipelas.  Against  a possible  increased  absorption  of 
4 1 
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nutriment  as  a cause,  is  the  very  small  and  not  increased  excretion  of  chloride  of 
sodium.  Wai.deykk  ( Virch.-l finch,  Jahrb. , 1809,  I.,  p.  206)  remarks  in  this  con- 
nection that  it  must  not  be  forgotten  that  in  all  acute  febrile  diseases,  even  those 
which  seem  to  go  through  their  whole  course  without  any  apparent  exudation,  a 
large  amount  of  lymphoid  corpuscles  is  deposited  in  the  various  organs  and  tissues, 
especially  the  liver,  spleen,  kidneys,  etc.,  in  certain  mucous  membranes,  and  also  in 
the  external  skin ; which  exudation  is  absorbed  in  the  epicritic  stage : but  as  yet 
there  is  nothing  to  indicate  how  rapidly  these  bodies  are  removed  from  the  tissues. 

Naunyn  (Arch.  f.  Aunt,.,  u.  x.  in.,  1870,  p.  177)  finds  that  the  assumption  that 
the  post-febrile  increase  of  excretion  of  urea  is  to  be  referred  to  an  over-saturation 
of  the  tissues  with  urea  produced  during  the  fever,  is  not  to  be  rejected  as  inadmis- 
sible. as  it  has  not  been  shown  by  investigations  directed  to  this  subject  that  such 
an  accumulation  of  urea  does  not  take  place,  or  in  what  amounts  it  does  occur.  Up 
to  the  present  time  there  is  nothing  based  on  facts  which  can  serve  as  a standard  for 
the  determination  of  the  time  required  for  the  elimination  of  the  urea  produced  in 
organs  : neither  the  processes  of  digestion,  nor  the  experiments  of  VoiT  on  feeding 
with  urea,  can  solve  the  question.  N.’s  experiments  with  feverish  dogs,  which,  on 
account  of  the  almost  irremediable  irregularity  of  the  dietetic  conditions  in  man, 
and  of  the  very  variable  amount  of  aqueous  exhalation  from  the  human  skin,  and 
the  consequent  irregularity  in  the  excretion  of  urine  and  urea,  must  be  considered  as 
of  more  value  than  observations  on  men, — these  experiments  indicate  that  the 
post-febrile  increase  of  urea-excretion  is  caused  entirely  by  retardation  of  the  excre- 
tion. Their  number  is  too  small  to  decide  the  question ; but  they  make  caution 
necessary  with  regard  to  conclusions  upon  the  theories  of  metamorphosis  in  fever, 
based  upon  observations  on  man. 

The  fact  of  post-febrile  increase  of  urea  was  first  determined  by  Bartels  ( Greifsw . 
med.  licit  r. , 18f>r>,  III.,  p.  30).  B.  explained  it  simply  by  incomplete  escape  of  the 
urea  formed  and  stored  up  itf  various  organs.  (He  produced  the  fever  in  his  experi- 
ments artificially  by  means  of  the  steam-bath.) 

In  a protracted  crisis  the  epicritic  increase  of  urea  does  not  appear  so 
evident,  and  this  is  the  more  marked  the  more  the  cessation  of  fever  ap- 
proaches the  type  of  lysis,  when  a slow  gradual  decrease  of  urea  is  sooner 
established.  This  decrease,  in  the  remittent  stage  of  typhoid  fever,  in 
which  it  is  constantly  observed,  seems  to  depend  in  greater  part  upon  the 
inability  of  the  organism  exhausted  by  continued  fever,  to  oxidize  consider- 
able parts  of  its  own  constituents,  as  then  the  excretion  of  urea  occasion- 
ally falls  far  below  the  normal  amount. 

Thus  Unhuii  has  met  with  an  excretion  of  about  14  grm.,  and  once  only  9 grm., 
of  urea  per  diem  at  the  close  of  a typhoid  fever  (toward  the  end  of  the  third  week), 
whereas  previously  20-30  grm.  had  been  eliminated. 

Observations  have  also  shown  that  even  if  under  certain  conditions  dur- 
ing short  periods  of  time  the  influence  of  a febrile  body-heat  upon  the 
excretion  of  urea  is  unmistakable,  this  influence  is  during  the  entire  course 
of  a fever  often  concealed  by  a number  of  circumstances,  and  its  existence 
has  been  seemingly  rightly  denied.  Such  circumstances  are  the  original  con- 
ditions of  nutrition  and  its  alterations  during  the  fever,  sometimes  simply 
bv  its  long  duration,  sometimes  by  a disturbance  in  the  processes  of  oxida- 
tion caused  by  the  fever,  as  occurs  in  quick  falling  of  the  temperature,  and, 
lastly,  by  various  peculiarities  in  individual  diseases.* 

Uric  acid,  the  nitrogenous  ingredient  of  urine  which  is  next  in  impor- 
tance to  urea,  is  also  increased  in  fever,  and  in  about  the  same  proportion 
as  urea  ; so  much  so,  that  the  normal  relative  amounts  of  the  two  substances 
(1  : 40-70)  are  not  altered.  But  little  can  be  said  with  exactness  upon  the 
causes  of  increased  excretion  of  uric  acid,  because  besides  the  conditions 


* Ringer’s  researches  on  the  state  of  the  urine  in  fever  ( vide  p.  GUO)  will  bo  found 
in  Med.-C/tir.  Trans.,  18-39,  p.  390 ; 18G2,  p.  111. -[Ed.] 
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of  nutrition  and  the  other  circumstances  which  influence  tliese  paration  of 
urea,  there  are  other  influences,  sueli  as,  especially,  the  greater  or  lesser 
completeness  of  the  oxidation  of  organic  substances,  or  a relative  insuffici- 
ency of  respiration,  causing  an  independent  increase  in  the  formation  of  uric 
acid.  The  causes  of  disproportion  between  the  supply  of  oxygen  and  its 
consumption  may  consist  in  wholly  different  conditions,  and  they  are  not 
exclusively  to  be  sought  for  in  anatomical  alterations  of  the  respiratory 
organs,  or  in  disturbance  of  the  physiological  activity  of  the  motor  appara- 
tus of  breathing.  Factors  capable  of  disturbing  physiologically  sufficient 
breathing  may  consist  in  peculiarities  in  the  distribution  of  the  blood,  and 
in  faults  of  its  composition,  and  their  effects  are  first  marie  apparent  when 
(as  in  fever,  or  severe  bodily  exercise)  the  waste  of  tissues  is  increased. 
Furthermore,  it  is  well  known  that  the  frequent  uratic  sediments  found  in 
the  urine  of  fever  patients,  and  the  deposit  of  crystals  of  uric  acid  do  not 
depend  ujkmi  increase  of  production  of  uric  acid  in  the  body. 

H.  Rankk  (Beob.,  tic.,  uber  Jftrn*.,  M inchen,  1858)  estimates  the  amount  of  uric 
acid  excreted  by  a healthy  person  taking  mixed  fowl,  at  a mean  of  0 648  grm.  (from 
0.455  to  0.875  grm. ) ; and  its  proportion  to  urea  at  from  1 : 41  to  1 : 63.  In  attacks 
of  intermittent  fever  he  ascertained  that  there  was  increased  excretion.  UnkI’H 
( Virch  Arch.,  XLVIIJ.,  p.  2H0)  found  as  a maximum,  without  any  distinct  disturbance 
of  respiration,  2.100  grm.  per  dBm  : that  is  to  say,  an  increase  0. 36-fold  the  normal ; 
although  occasionally  there  occurred  in  fever  a diminution  below  the  normal,  just  as 
in  the  ease  of  urea.  Apart  from  these  exceptions,  the  limits  of  increase  lie  between 
1.19-  and  3.33-fold  the  normal;  and  the  mean  of  all  observations  in  severe  fever 
gives  (1.844  grm.  equal  to  1.66-fold  the  normal.  Consult  especially  Bahtkls  ( G rciftw. 
mt'l.  Beit r. , Anhang  zu  lid.  II..  p.  15;  and  Do.it.  Arch.  f.  hi.  Med.,  L,  p.  13). 

The  remaining  nitrogenous  ingredients  of  the  urine,  creatinin  especially, 
are  excreted  in  greater  quantities  tim  ing  fever. 

According  to  Koppk  iPeterib,  med.  Zeit*ch r. , 1808.  XIV..  p.  75),  the  proportion  of 
ammonia  is  increased  in  febrile  states,  especially  in  infections  diseases,  the  most  in 
typhoid  fever.  It-  has  not  yet  been  determined  whether  there  are  constant  differences 
iu  the  amount  excreted  in  various  stages  of  the  disease. 

Concerning  the  mineral  const  it  VENTS  of  urine  the  following  is  to  be  said. 
In  all  febrile  diseases,  especially  in  the  acute,  the  excretion  of  chlorine 
diminishes  rapidly,  and  often  sinks  to  a minimum,  sometimes  so  nearly 
ceasing  that  hardly  a hundredth  part  of  the  normal  amount  can  lie  found. 
It  increases  during  improvement,  and  occasionally  exceeds  the  normal  in 
convalescence.  The  causes  of  this  decrease  consist  in  the  lessened  and  often 
lost  apjietite,  and  in  the  diet  of  the  sick  which  contains  but  little  salt ; and 
at  times  the  formation  of  exudations  and  transudations  containing  much 
saline  matter  exerts  an  influence.  These  causes  also  induce  a diminution 
of  the  amount  of  saline  matter  in  the  blood.  Perhaps  there  is,  simultane- 
ously, an  impairment  of  the  capacity  of  the  kidneys  to  separate  the  chlorides. 

An  exception  to  the  above  rule  seems  to  be  in  the  case  of  intermittent  fever,  dur- 
ing paroxysms  of  which  the  excretion  of  chlorides  is  occasionally  much  increased. 
(J.  Vogel,  Utirnanaljae.) 

I he  excretiou  of  Phosphoric  ACID  also  depends  partly  upon  changes  in 
metamorphosis,  and  partly  upon  the  amount  which  enters  the  organism. 
Occasionally  its  diminution  in  severe  fever,  and  especially  in  short  diseases, 
is  insignificant  and  hardly  noticeable.  Besides,  it  is  contained  in  less  quan- 
tity in  the  fieces. 
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The  excretion  of  phosphoric  acid,  according  to  Mosler.  varies  in  the  healthy  to 
about  2.5  and  •»  grm.  per  diem;  Neubauer  gives  the  same  proportion.  It  is  dis- 
tinctly diminished  by  fasting,  food  rich  in  albumen  increases  it.  According  to 
IUeskneeld  (Hurnanal.  bei  Hecurre/ut,  Viroh.  Arch..  XL.V1I.,  p.  1150),  its  amount 
increases  and  diminishes  with  that  of  urea,  as  Yoit  and  IJiscirOFF  had  previously 
determined.  According  to  Rosknhtein  ( Virch.  Archie,  XLIIL,  p.  877)  it  is  very 
doubtful  if  fever  causes  any  noteworthy  increase  of  phosphoric  acid  in  the  urine. 

Concerning  the  excretion  of  sulphuric  acid  nothing  precise  is  known. 

On  the  other  hand,  potassa-salts  are  increased  in  the  urine  of  fever; 
soda-salts  diminished. 

According  to  SALKOW8KI  ( Virch.  Arch..,  LIII.,  p.  209),  the  amount  of  potassa 
excreted  in  a day  of  fever  is  3-4-fold  that  of  a non-febrile  day,  and  this  increase  may 
amount  to  7-fold  what  a healthy  person  on  fever-diet  excretes.  After  the  crisis  the 
potassa  is  reduced  to  a minimum,  and  a renewed  increase  is  observed  during  conva- 
lescence. The  soda  behaves  in  just  the  opposite  way : it  diminishes  to  a minimum 
during  the  fever,  and  increases  soon  after  the  crisis,  often  so  rapidly,  that  on  the 
first  day  of  increase  its  quantity  exceeds  the  amount  excreted  on  all  the  fever  days 
together.  It,  therefore,  follows  the  same  changes  as  chlorine,  and  for  similar  reasons. 
The  behavior  of  potassa  is  explained  by  the  greater  decomposition  of  potassa-holding 
tissues  in  fever  (especially  the  muscles),  and  also  by  the  destruction  of  red  blood- 
corpuscles. 

Lastly,  the  amount  of  carbonic  acid  in  the  urine  is  also  increased. 

% 

Ewald  (Arch.  f.  An/it.,  Phys. , etc.,  1873,  p.  1)  observed  in  relapsing  fever, 
typhoid  fever,  pneumonia,  that  in  the  same  individual,  and  under  as  nearly  as  possi- 
ble similar  external  conditions  (diet,  rest  in  bed,  etc.),  the  amount  of  CO.  in  the  urine 
was  increased  from  1.2  to  3.3-fold  the  amount  excreted  on  days  of  apyrexia;  thus 
making  a parallelism  between  the  excretion  of  urea  and  COa 

Albumen  is  found  in  urine  only  in  very  intense  fever,  and  even  then 
not  regularly:  its  amount  is  seldom  noteworthy.  As  a rule,  it  is  only 
after  the  long  duration  of  such  a fever  that  a moderate  albuminuria  appears, 
disappearing  after  the  cessation  of  pyrexia.  This  albuminuria  is  caused  partly 
by  altered  conditions  of  blood-pressure,  partly  by  the  transitory  anatomical 
changes  above  described,  and  it  is  probable,  also,  that  the  diffusion  of  albu- 
men has  experienced  a change  ; though  the  last  is  less  likely  to  exist  in  this 
form  of  albuminuria.  When  the  urine  contains  much  albumen,  and  especi- 
ally when  there  is  admixture  of  blood,  there  is  present  independent  renal 
disease.  As  a rule  in  febrile  albuminuria  there  occurs  only  a moderate 
detachment  of  epithelium  from  the  urinary  tubules,  causing  cloudiness  of 
the  urine  of  pyrexia ; and  in  rather  intense  grades  of  fever  this  may 
amount  to  symptoms  of  a slight  catarrhal  nephritis,  with  epithelial  and 
(few)  hyaline  casts  in  the  urine. 

That  nutrition  suffers  in  febrile  diseases,  and  that  in  consequence  the 
body-weight  diminishes,  are  facts  which  have  long  been  known,  but  which 
have  only  been  studied  and  determined  with  exactness  in  recent  times  by 
regular  and  repeated  weighings.  It  is  a matter  of  experience  that  those 
are  exceptional  cases  in  which  during  a febrile  affection  the  appetite  and 
digestion  remain  normal,  so  as  to  make  it  possible  to  make  good  the  waste 
by  increased  ingestion  of  nutritive  material.  Apart  from  these  cases,  theie 
must  result,  simply  from  disturbance  in  the  supply  of  food  in  fever,  a dimi- 
nution of  the  tissues  of  the  body,  if  the  appetite  and  digestion  are  to  various 
degrees  abnormal.  Besides,  various  other  causal  conditions  come  into  play, 
such  as  disturbed  respiration,  impaired  formation  of  blood,  certain  exuda- 
tions and  losses  of  fluids,  various  local  affections,  especially  those  which 
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cause  copious  transudation.  The  influence  of  all  these  factors  is  by  them- 
selves only  small,  but  if  fever  be  superadded  it  immediately  becomes 
potent,  and  the  more  so  the  higher  the  fever  is.  Consequently  we  must 
attribute  to  fever  a more  important  influence,  even  the  greatest  influence  in 
causing  the  consumption  of  the  body  which  goes  on  during  its  prevalence. 
Especially  striking  is  the  losSt  of  body-weight  in  severe  acute  febrile  dis- 
eases. This  is  proven  to  be,  usually,  a steadily  progressive  loss  during  the 
duration  of  pyrexia.  In  individual  cases,  it  is  not  always  easy  to  recognize 
the  influence  of  the  fever  upon  the  considerable  variations  of  body -weight 
which  are  observed,  if  we  make  allowance  for  the  variations  which  normally 
occur  in  the  course  of  the  day,  and  for  the  accidental  circumstances  by 
which  it  may  temporarily  be  influenced  (amount  of  ingesta,  as  well  as  of 
secretion  and  excretions)  ; and  there  are  some  cases  of  slight  fever  in  which 
no  loss  of  weight  takes  place,  and  in  which,  for  a time,  an  apparent  slight 
gain  occurs. 


According  to  LEYDEN  (T).  Arrh.  f /din.  Aft <1. . V.,  p.  308),  the  following  are  the 
variations  of  the  body-weight  in  he'd  thy  person*  and  convalescent*  in  the  course  of  a 
day : the  least  weight  is  observed  in  the  morning,  increases  through  the  day  by  inges- 
tion of  food,  reaching  a maximum  after  the  evening  meal,  and  frilling  to  a minimum 
in  the  course  of  the  night,  lu  high  fever  the  opposite  is  the  case.  Then  the  maxi- 
mum body-weight  appears  in  the  morning  hours,  grows  less  during  the  day,  and 
reaches  a minimum  in  the  evening,  to  increase  during  the  night.  L.  explains  this 
peculiar  condition  by  existence  of  great  thirst  and  consequent  abundant  drinking  of 
water  during  the  night : in  the  day  during  the  remission  less  water  is  needed  and 
taken.  Coinciding  with  this  the  excretion  of  water  is  diminished,  or,  at  any  rale, 
not  correejiondingly  increased. 

Furthermore,  Leyden"  estimates,  on  the  strength  of  numerous  weighings  in  various 
febrile  diseases,  that  the  average  daily  loss  of  weight  per  kilogramme  of  body-weight 
amounts  to : 


5.72 
4.50 
10.  (HI 
5.90 
2.40 


per  thousand,  in  slight  fever. 

**  **  remission. 

“ “ “ the  crisis. 

“ the  epicritic  stage. 

“ *•  the  la-ginning  of  convalescence. 


The  factor  which  undoubtedly  exerts  the  greatest  influence  upon  these  results  is 
the  exhalation  of  water  from  the  skin.  'The  lost,  of  weight  during  the  crisis  attains 
to  double  that  in  the  height  of  the  fever  (non -sweating  period),  doubtless  only  lo- 
calise of  the  then  extremely  abundant  secretion  of  sweat;  and  the  same  cause  may 
well  determine  the  relatively  high  figure  in  the  remission.  Even  in  the  epicritic 
stage,  with  the  continued  tendency  to  perspiration,  the  loss  of  weight  is  as  great  as 
during  intense  fever.  The  loss  of  weight  continues,  though  in  greatly  reduced  quan- 
tity. during  a short  period  at  the  commencement  of  convalescence,  although  the 
restoration  of  the  normal  physical  and  chemical  conditions  of  the  tissues  begins 
with  the  crisis,  and  nutritions  food  is  taken  in  the  course  of  the  next  few  days.  L. 
explains  these  differences,  which  are  not  to  lie  accounted  for  by  febrile  consumption, 
by  assuming  that  a retention  of  water  takes  place  in  the  organism  at  the  height  of 
the  fever,  and  states  that  this  is  subsequently  removed  by  increased  exhalation  of 
water.  He  considers,  as  favoring  his  view:  the  small  amount  of  urine  which,  in 
spite  of  great  thirst  and  free  drinking,  is  passed  during  fever ; the  febrile  turgescence 
of  the  fever-patient’s  face,  as  well  as  the  circumstance  that  it  appears  most  emaci- 
ated in  convalescence  ; and.  finally,  the  demonstrated  fact  that  the  blood  in  fever  con- 
tains a larger  proportion  of  water.  He  makes  a comparison  between  the  state  of 
the  patient  before  and  during  the  crisis,  with  the  above-mentioned  described  condi- 
tion during  remission  and  exacerbation,  in  which  latter  so  much  water  is  retained 
that  an  increase  of  weight  may  ensue. 

Nacny.v  (cid*  tupra ) also  found  that  a retention  of  water  took  place  at  the  begin- 
ning of  fever,  causing,  at  its  height,  an  increased  flow  of  urine. 

(hi  the  contrary,  according  to  He  NATO  It  (Firhrrhft.  i’ror. , 1873,  p.  130),  it  has  ns 
yet  not  been  -n  any  way  demonstrated  that  the  body  is  rendered  richer  in  water  by 
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the  febrile  process  as  such,  than  by  similar  conditions  without  fever,  e.ff .,  in  simple 
inanition,  to  which  sufficient  regard  has  not  been  had  in  the  earlier  investigations. 
8.  comes  to  the  following  conclusions  on  this  subject.  An  increase  of  water  by  oxi- 
dation certainly  does  not  take  place ; its  production  without  oxidation  is  possible, 
but  has  not  been  demonstrated.  The  excretion  of  watery  vapor  is  somewhat  in- 
creased on  the  whole  during  long  periods,  and  about  in  the  same  ratio  as,  or  in  a little 
larger  proportion  than  the  CO..;  consequently  the  amount  of  urine  (and  other  secre- 
tions) is  smaller.  It  is  as  yet  undetermined  whether  during  fever  there  is  on  the  whole 
more  or  less  water  given  off  through  the  kidneys,  lungs,  and  skin,  than  in  similar 
conditions  without  fever.  A fever-patient  may  retain  water  just  as  well  as  a healthy 
person,  if  the  loss  of  water  is  equipoised  or  exceeded  by  the  taking  of  fluid. 

According  to  Schneider  (Arm.  f.  kl!n.  C/dr.,  18(5!),  XI.,  p.  181),  in  some  cases 
of  traumatic  fever  the  fluctuations  of  body-heat  agree  with  those  in  health,  the 
minimum  occurring  in  the  morning,  and  the  maximum  after  the  evening  meal ; the 
taking  of  food,  and  the  excretions  on  the  whole,  are  smaller.  Of  the  latter  (ex- 
cretions) the  insensible  are  relatively  much  larger  than  in  non-febrile  states,  and 
indeed  their  increase  exceeds  the  decrease  of  the  sensible  excretions,  so  that  the  lass 
of  body-weight  in  fever  is  not  simply  to  be  explained  by  diminished  supply,  but  also 
by  the  increase  of  the  perspiration. 


Even  in  chronic  febrile  diseases  the  waste  produced  by  the  fever  is 
generally  easily  recognized.  As  long  as  the  fever  is  to  a certain  degree 
severe,  and  there  are  no  long-continued  intermissions,  the  decrease  of  the 
tissues  goes  on  progressively  until  death.  It  is  different  in  moderate  fever 
with  frequent  intermissions.  Thus  we  not  seldom  meet  with  cases  which 
seem  to  throw  doubt  upon  the  general  applicability  of  the  law,  that  fever 
consumes.  In  order  to  understand  these  exceptions,  it  is  necessary  to  bear 
in  mind  all  those  conditions  which,  apart  from  pyrexia,  are  capable  of 
affecting  the  body-weight.  It  is  easy  to  understand  that  in  some  few 
cases  it  is  not  possible  to  fully  appreciate  all  of  these  conditions. 

Among  the  local  affections  which  especially  influence  the  body-weight, 
severe  diseases  of  the  digestive  organs  are  to  be  placed  in  the  first  rank: 
cancer  of  the  stomach,  sometimes  suppurating,  severe  intestinal  diseases  of 
small  children  having  diarrhoea,  cholera.  Among  losses  of  fluids,  prolonged 
lactation  is  one  of  the  most  important,  supposing  that  the  milk  is  not  sup- 
pressed at  the  beginning  of  fevers,  as  is  often  the  case.  It  is  not  invariably 
right  to  speak  of  continued  suppuration  as  an  exhausting  event ; this  is 
true  only  when  there  is  fever  likewise.  Especially  does  this  remark  apply 
to  the  loss  of  fluid  by  secretion  of  large  amounts  of  expectoration  in  con- 
sumptives. The  wasting  of  these  patients  is  in  much  greater  part  caused 
by  the  fever;  often  the  pulmonary  disease  is  insignificant,  and  destruction 
of  lung-tissue  as  well  as  suppuration  are  wholly  absent. 

Ltebeumeister  ( Pray.  Vierte/j. , LXXXVII.,  p.  11)  calls  attention  to  a circum- 
stance which  is  well  fitted  to  vitiate  the  results  of  the  estimation  of  body-weight  in 
patients,  and  to  lead  to  erroueous  conclusions.  While,  usually,  the  increase  of 
weight  produced  by  dropsical  swelling  is  not  noticeable,  it  is  sometimes  so  great  as 
to  double  the  weight  of  the  body  ; and  at  other  times  slight  oedema  of  limited  parts 
of  the  body  (not  merely  of  the  lower  extremities)  may  be  causes  of  error.  It  seems  to 
follow  from  these  observations  that,  in  disease,  a not  insignificant  amount  of  weight 
may  be  caused  by  retention  of  parenchymatous  fluid,  without  a trace  of  oedema  being 
present;  and  these  are  just  the  cases  in  which,  in  spite  of  all  precautions  and  atten- 
tion, false  conclusions  may  be  drawn  from  the  results  of  weighing  the  body.  In 
chronic  cases  distinct  oedema  appears  after  the  lapse  of  some  time,  and  draws 
attention  to  the  source  of  error ; but  this  is  only  exceptionally  the  case  in  acute 
diseases. 

ISo  sufficient  investigation  has  yet  been  made  to  determine  how  much 
the  body-weight  may  decrease  from  the  beginning  of  a febrile  disease  to  the 
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beginning  of  unavoidable  death.  Among  the  difficulties  in  the  way  are, 
that  the  weight  before  the  appearance  of  sickness  is  as  a rule  unknown, 
and  that  toward  tbe  close  the  appearance  of  oedema  not  rarely  impairs  the 
value  of  the  weighings.  The  assumption  of  authors,  that  40£,  or  nearly 
half  the  body-weight  (perhaps  a little  more),  may  be  lost  before  death 
ensues,  appears  applicable  to  some  cases ; as  a rule,  however,  death  is  pro- 
duced by  exhaustion  before  this  loss  has  occurred. 

Lkvden  (D.  Arch.,  V.,  p.  309)  estimates  the  average  daily  loss  of  body-weight 
at  .7 ■; ; that  is  to  say.  at  about  one-half  that  occurring  in  complete  starvation 
(Ranke).  But  if.  according  to  Chossat  ( Itrch . ej *ur  F inanition,  1843).  death 
ensues  (in  starvation)  when  40,  of  the  substance  of  the  body  has  been  lost,  then  the 
febrile  waste  must,  in  the  course  of  eight  weeks,  be  so  great  as  to  cause  death  by 
inanition.  This  agrees  quite  well  with  what  is  observed  at  the  bedside. 

LiKBERMEISTER  (Prng.  Ykrtrtj.,  LXXXV1 1. , p.  50t  finds  that  the  waste,  when 
produced  by  a chronic  fever,  may,  under  certain  conditions,  be  greater  than  that 
occurring  in  simple  inanition  without  producing  death.  For,  as  in  the  latter  case 
the  noteworthy  fall  of  temperature  which  occurs  toward  the  last  plays  a most  im- 
portant part  among  the  immediate  causes  of  death ; the  facts  are  perhaps  explained 
by  admitting  that  this  lowering  of  temperature  is  prevented  by  the  fever,  just  as  it 
can  be  by  artificial  warming.  It  is  not  difficult  to  admit  this,  since  Chossat  states 
that  fever  makes  it  possible  to  bear  such  a loss  of  substance  as  would  be  sufficient, 
in  its  absence,  to  produce  arrest  of  heat-production  and  cause  death  by  refrigera- 
tion. 

From  what  lias  been  said  in  the  preceding  pages  of  the  conditions  oi 
body-heat  in  disease,  its  extraordinary  importance  in  the  symptom-group  ot 
fever  can  readily  be  appreciated.  Under  very  many  circumstances  it  is  not 
merely  of  scientific,  but  of  practical  interest,  to  know  the  course  of  tempera- 
ture, because  upon  such  knowledge  we  can,  in  special  cases,  base  the  most 
important  and  helping  measures.  In  spite  of  this  great  importance  of  a 
knowledge  of  teni|)erature-vai*iations,  it  must  not  be  neglected,  in  too 
great  confidence  in  the  meaning  of  this  knowledge,  to  devote  care  to  the 
observation  of  the  remaining  phenomena  of  disease,  and,  more  particularly, 
to  their  agreement  or  disagreement  with  the  temperature.  Their  connec- 
tions may  lie  very  various.  For:  1.  The  change  of  body-heat  often 
depends  upon  disease  of  one  organ,  which  offers  sjiecial  symptoms  besides: 
it  is  thus  a consequence  of  a local  disease;  2.  It  is,  further,  just  like  the 
local  symptoms,  a consequence  of  a general  disorder,  as,  for  example,  an 
infection  or  other  external  influence;  3.  If  especially  great  deviations  from 
the  normal  temperature  (highest  grade  of  fever,  collapse)  of  themselves 
indicate  the  existence  of  marked  functional  disorder,  and,  when  lasting 
longer,  of  organic  changes,  extremely  complicated  symptom-groups  must  be 
expected  ; 4.  Lastly,  the  influence  of  countless  accidental  circumstances 
must  be  borne  in  mind,  which  may  or  mav  not  appear  in  relation  to  the 
temjierature.  In  individual  cases  it  is  continually  to  be  considered  in  how 
much  the  existing  temperature  corresponds  with  the  other  symptoms  of 
disease.  It  it  is  seen  to  be  in  harmony  with  them,  as  clear  as  possible  an 
insight  into  the  state  of  the  patient  is  obtained,  and  further  diagnostic 
reflection  is  not  necessary.  On  the  contrary,  if  there  be  observed  a con- 
trast between  the  degree  of  temperature  and  t lie  other  phenomena,  the 
greatest  importance  is  to  be  attached  to  the  changes  of  temperature,  when 
they  are  relatively  considerable.  When  the  body-heat  is  less  than  the  other 
symptoms  would  seem  to  require,  it  must  be  remembered  that  there  are 
diseases  in  which,  as  we  know  by  experience,  severe  symptoms  may  co- 
exist with  slightly  increased  or  normal  temperature;  or  that  the  disease 
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may  ho  at  tho  closo  of  a previously  more  intense  course  ; and  it  must  he 
considered  that  accidental  or  therapeutical  influences  may  have  diminished 
the  fever.  Jf  none  of  the  above  explanations  can  be  applied  to  the  case,  it 
may  be  that  the  reduction  of  temperature  is  caused  by  a complication 
capable  of  diminishing  the  body-heat,  or  by  a commencing  collapse. 


The  contrast  of  low  or  of  normal  temperature,  with  much  complaint  of  ill  feeling, 
should  load  the  physician  to  think  of  simulation  and  exaggeration,  but  also  of 
concealed  (latent)  chronic  changes,  or,  when  the  course  of  the  affection  is  acute,  to 
an  insignificant  disease,  or  to  such  as  we  empirically  know  do  sometimes  develop 
with  low  temperature  : as  diphtheria,  renal  diseases,  moderate  pericarditis.  The 
same  condition  is  possible  in  advanced  critical  defervescence.  Coincidence  of  high 
temperature,  with  good  subjective  feelings,  is  not  rarely  met  with  in  the  high  fever 
of  several  infectious  diseases. 

A contrast  between  the  temperature  and  the  PULSE-RATE  is  very  frequent.  Slight 
want  of  correspondence  in  the  height  of  both  is  common  ; the  pulse  often  following 
after  an  improvement  in  tho  body-heat,  while  in  worse  states  it  is  very  likely  to 
advance  ahead  of  the  temperature.  A low  pulse-rate  with  a high  temperature  indi- 
cates that  the  nervous  system  is  calm  ; it  may  also  be  met  with  under  special  conditions 
(as  pressure  on  the  brain,  action  of  biliary  acids,  and  of  certain  medicines).  A high 
pulse-rate  may  be  (rarely)  normal  to  the  patient ; it  may  be  due  to  the  influence  of 
muscular  movements,  and  other  pulse-exciting  influences  ; it  also  may  point  especi- 
ally to  acute  and  chronic  cardiac  diseases,  as  well  as  to  injury  to  the  heart  by  mor- 
bid states  in  the  thorax  and  abdomen.  Lastly  we  meet  with  greatly  increased  fre- 
quency of  the  pulse,  associated  in  a very  remarkable  manner  with  the  low  tempera- 
tures of  collapse,  and  of  impending  death.  In  general,  when  forming  a judgment, 
that  factor  which  of  itself  gives  the  gravest  indication  should  be  taken  as  the 
standard  ; the  more  so,  the  greater  the  contrast. 

When  marked  increased  frequency  of  the  respiration  appears  with  moderate 
fever,  we  are  to  suspect  a local  affection.  This  increase  is  often  observed  in  collapse. 

Between  nervous  symptoms  and  the  body-heat  there  is  sometimes  a certain  par- 
allelism, sometimes  a remarkable  contrasting  behavior.  Children  and  old  people  are 
more  irritable  than  healthy  adults : when  the  former  exhibit  disturbed  functions 
with  a moderate  fever,  the  latter  often  have  undisturbed  functions  with  a highly 
raised  temperature.  In  this  respect,  and  especially  with  reference  to  cerebral  dis- 
turbance, the  individual  predisposition  plays  a great  part;  marked  brain-symptoms 
with  fever  lead  to  the  suspicion  of  cerebral  disease  in  an  adult,  whereas  in  children  they 
in  general  signify  much  less.  Among  others  there  appear,  usually  in  consequence  of 
inanition  and  consecutive  cerebral  anaemia,  or  slight  cerebral  oedema,  dangerous 
brain -symptoms  with  low  temperatures,  without  symptoms  of  collapse ; especially 
after  severe  fevers.  These  symptoms  have,  as  a rule,  a much  less  important  meaning 
than  has  heretofore  been  attributed  to  them. 

The  explanation  of  the  connection  existing  between  single  local  symptoms  and  the 
body- heat,  concerns  special  pathology. 

B.  REGULATION  OF  ANIMAL  IIEAT. 

One  of  the  most  wonderful  peculiarities  of  the  human  body  is  that  in  a 
state  of  health,  and  under  ordinary  circumstances,  the  heat  of  its  internal 
parts  is  easily  maintained  at,  or  about,  37  J C.  This  is  only  possible  by  the 
uninterrupted  production  of  heat  replacing  that  which  is  also  equally  con- 
tinually given  off;  or  in  other  words,  the  normal  temperature  is  the  result- 
ant of  EQUAL  sui’ply  and  loss  of  heat.  If  one  of  these  factors  prepon- 
derate, the  body-heat  must  vary  in  a corresponding  manner;  and,  thus,  it 
rises  when  the  supply  of  heat  exceeds  the  loss,  whereas  when  the  condi- 
tions are  reversed  it  sinks.  Consequently,  a febrile  rise  of  temperature 
mav  ensue  either  when  the  production  of  heat  increases  without  there 
being  a corresponding  loss  of  heat,  or  when  the  deperdition  of  caloric  is 
lessened,  without  there  being  equal  diminution  in  the  production  of  animal 
lieat. 
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Tlie  essential  sources  of  heat  in  the  organism  are  exclusively  chemi- 
cal processes,  based  upon  the  oxidation  of  nitrogeneous,  and  especially  of 
non-nitrogenous  substances.  The  production  of  heat  in  an  adult  during 
twenty-four  hours  is  estimated  at  24—3  millions  calorics.*  (Bv  the  term 
“ caloric  ” is  understood  the  amount  of  heat  which  is  required  to  raise  the 
temperature  of  1 grm.  of  water  by  1°  C.) 

It  is  well-known  that  heat  is  set  free  if  two  substances  enter  into  chemical  combi- 
nation. The  amount  of  heat  liberated  in  the  combustion 

Of  1 grm.  C into  COj  amounts  to  8,086  calorics  (according  to  Favre  and  Sn. HERMAN'). 
4*  1 grm.  H “ 110  **  04,462  cal. 

The  amount  of  heat  produced  is  the  same  whether  the  combustion  takes  place 
slowly  or  quickly,  or  whether  it  takes  place  directly  or  by  means  of  intermedi- 
ate steps.  However,  the  rule  is  generally  good,  that  atoms  already  in  combinations 
with  others  produce  less  heat  than  those  which  are  free.  The  following  is  an  esti- 
mation of  the  production  obtained  from  wbat  is  ingested  by  an  adult  in  twenty-four 
hours: 


From  albumen 590,760  cal. 

“ carbo-hydrates 1,081,410  “ 

“ fats. 816,210  “ 


Total 2,497,380  cal. 

The  value  of  the  albumen  is  diminished  by  the  fact  that  albuminous  bodies  only 
half-burnt  («.y.,  area)  escape  from  the  organism. 

Liebermeister's  unit  of  heat  [Kilo-caloric]  is  one  thousand  times  greater  : 
it  is  that  necessary  to  raise  the  temperature  of  l kil.  of  water  1°  C. 


The  production  of  heat  is  diminished  : by  a lessened  amount  of  food,  by 
nitrogenous  food,  by  reduced  respiration,  as,  for  example,  in  sleep,  by 
bodily  and  mental  rest,  etc.  It  is  increased : by  a greater  amount  of  food, 
as  in  winter,  by  unusual  muscular  movements,  by  nervous  influence,  ete. 
From  its  places  of  origin  (the  blood  and  tissues)  aninml  heat  is  distributed 
to  all  parts  of  the  body  by  the  blood.  Naturally  the  heat  of  any  given 
part  dejH-nds  partly  upon  the  amount  of  caloric  produced  in  it,  and  partly 
upon  that  which  is  brought  to  it.  For,  as  the  latter  is  produced  deep  in 
the  body  (chiefly  in  muscles  and  abdominal  viscera)  it  uaturallv  is  the 
chief  source  of  heating  for  the  peripheral  parts  ; since  it  is  as  yet  impossi- 
ble to  state  how  much  caloric  is  produced  in  them  (the  skin  especially). 

Loss  of  heat  takes  place  principally  though  radiation  and  conduction  ; 
in  much  smaller  degree  by  the  evaporation  of  water  on  the  skin  and  from 
the  lungs;  and  still  less  by  the  heating  of  ingested  materials  and  of  the  air 
inspired,  as  well  as  by  the  expulsion  of  warmed  excretions.  The  exertion 
of  mechanical  labor  exerts  a variable  influence." 

Hitherto  it  has  been  very  incompletely  discovered  how  the  loss  of  heat  is  divided 
up  among  these  factors.  At  all  events,  by  far  the  greater  part  of  this  loss  is  caused 
by  radiation  from  the  skin.  Increased  muscular  activity  does  cause  a loss  of  heat; 
but  this  is  more  than  compensated  by  increased  consumption  and  heightened  combus- 
tion; so  that  an  active  body,  in  mechanical  activity,  produces  more  heat  than  one  in 
a state  of  rest. 

According  to  Helmholtz's  estimate,  the  loss  of  heat  from  the  body  is  divided  up 
os  follows : 


* Consult  GaNOT,  Elementary  Treatise  on  Physics,  p.  341 ; Lond.,  1872. — [Ed.] 
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Radiation  and  evaporation  from  the  skin 77. 5 per  cent. 

Heating  of  ingesta 2.6  “ 

Heating  of  inspired  air 5.2  “ 

Evaporation  from  the  lungs 14.7  “ 


Lijdwig  estimates  the  amount  of  heat  consumed  by  mechanical  labor  at  7 per  cent, 
el  that  obtained  from  the  food.  This  loss  must  not  be  too  highly  estimated,  because 
the  mechanical  equivalent  of  heat  is  very  large,  and  because  a very  great  amount  of 
work  is  required  to  produce  a very  small  elevation  of  heat. 

It  would  he  of  the  greatest  importance  for  the  knowledge  of  fever  if  we 
could  discover  a method  of  directly  estimating,  with  the  fewest  possible 
errors,  the  amount  of  heat  produced  in  the  body  and  given  olf  from  it.  This 
has  not  yet  been  possible,  because  calorimetric  investigations,  difficult  in 
themselves,  meet  with  special  impediments  in  living  beings.  Not  even  has 
the  theoretically  incontestable  proposition,  that  all  animal  heat  has  its  source 
in  those  decompositions  which  are  called  tissue-metamorphosis,  been  experi- 
mentally demonstrated.  Under  these  circumstances,  we  cannot  speak  of 
physiological  data  sufficient  to  account  for  pathological  variations  in  body- 
heat. 

As  the  body  produces  heat  continuously,  its  temperature  would  neces- 
sarily rise  if  heat  were  not  also  given  off  at  the  same  time.  The  body-heat 
can  only  be  maintained  at  a constant  degree  as  long  as  exactly  the  same 
amount  of  heat  is  lost,  in  a given  time,  as  is  produced. 

The  contrivances  by  means  of  which  preservation  of  the  normal  degree 
of  heat,  regulation  of  heat,  is  brought  about,  are  very  diverse.  Thu  inode 
of  operation  of  some  of  them  is  comprehensible;  while  of  others  we  only 
know  their  effect,  and  we  are  as  yet  wholly  or  in  part  unenlightened  as  to 
the  way  in  which  they  produce  these  effects. 

Most  evident  is  the  regulation  of  the  loss  of  heat  by  the  skin.  If  this  is 
decidedly  increased  by  external  conditions,  as,  for  example,  when  the  sur- 
rounding air  is  colder  than  usual,  certain  agencies  become  active,  and  in 
consequence  the  loss  of  heat  becomes  less  than  what  it  would  have  been 
without  them.  The  surface  of  the  skin  is  made  cooler,  and  thus  the  direct 
loss  of  heat  by  radiation  as  well  as  evaporation  is  restricted,  for  the  cooler 
skin  is  less  moist.  Besides,  by  the  influence  of  cold,  the  muscular  layer  of 
the  skin  and  of  its  vessels  is  made  to  contract;  less  blood  passes  through  the 
skin,  and  consequently  less  heat  is  brought  to  it  from  within,  and  naturally 
less  heat  is  lost.  In  this  way  the  reserved  amount  of  heat  produced  in  the 
internal  parts  is  retained  as  much  as  possible  by  the  action  of  cold.  The 
opposite  occurs  in  warm  air.  In  this  case  the  skin  of  itself,  and  also  because 
it  sweats,  gives  off  more  heat,  the  blood  is  driven  to  the  surface,  and  by 
enlarging  the  bloodvessels  it  facilitates  the  escape  of  heat.  By  means  of 
sweating  and  of  active  evaporation  of  water  from  the  surface,  it  is  made 
possible  for  human  beings  to  exist  in  a temperature  which  almost  or  quite 
equals  that  of  the  body. 


English  observers  in  1775  were  able  to  endure  for  a short  time,  in  a dry  air,  an 
atmospheric  heat  which  reached  or  even  surpassed  the  boiling-point  of  water  (400  C.). 
Similar  examples  are  given  by  IIopi’E  (consult  Ludwig,  Physiologic,  2 Aufl.,  II.,  p. 
760). 

[An  oven,  heated  to  400  -600  F.  (204  f°-315-|-  C.),  has  been  entered.  See  Cak- 
PENTEU,  Principles  of  Human  Physiology , Loud.,  1860,  p.  484. — Ed.] 

Experimental  facts  go  to  show  that  there  exists  in  the  respiratory  organs 
a mechanism  for  the  regulation  of  body-heat. 
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Ackkrmann  found  that  in  a dog,  whose  temperature  was  raised  by  exposure  of  its 
surface  to  blood-warm  or  warmer  air,  the  rapidity  of  respiration  was  increased,  and 
the  more  so  in  proportion  to  the  elevation  of  teinj>erature : there  ensued  a true  heat- 
•lyspuoea.  If  the  dog  was  then  rapidly  cooled  by  abstraction  of  heat  from  its  surface, 
the  former  normal  respiration -rate  reappeared.  By  means  of  artificial  respiration  by 
means  of  air  having  a medium  temperature  (air  of  the  room),  the  normal  body-heat 
of  the  animal  was  reduced,  or  if  the  animal  was  at  the  same  time  kept  warm,  the  rise 
of  temperature  was  retarded.  This,  however,  did  not  kapi>eu  if  the  temperature  of 
the  air  administered  by  artificial  respiration  was  as  high  as  that  of  the  animal.  Accord- 
ing to  Goldstein  (Ueber  Wurmedyapmr , Witrtz.  Dies.,  1871),  the  cause  of  heat- 
dyspnoea  is  in  the  respiratory  centre.  G.  heated  the  blood  as  it  passed  through  the 
carotid  arteries,  and  by  this  means  the  frequency  of  respiration  was  much  increased ; 
section  of  the  vagi  no  longer  had  any  influence  upon  the  breathing.  Cooling  of  the 
blood  in  the  carotids  considerably  reduced  the  respiration.  Pick  (Arch.  f.  d.  gen. 
Phys. , 1871,  V.,  p.  H8)  observed  that  in  the  dog  very  marked  increase  of  the  general 
temperature  and  of  the  heat  of  the  blood  in  the  carotids,  which  caused  great  excita- 
tion of  the  respiratory  centre,  exerted  no  influence  upon  the  centres  of  cardiac  aud  vas- 
cular innervation. 

Just  as  in  heightened  external  temperature  with  normal  production  of 
heat,  the  superfluous  calorie  furnished  by  increased  production,  lor  example, 
by  unusual  muscular  activity,  is  at  once  removed,  without  there  being  any 
remarkable  or  permanent  increase  of  the  body-beat  in  the  healthy  indivi- 
dual. 

The  dispositions  already  mentioned  are  without  doubt  sufficient  for  the 
conditions  which  arise  in  the  normal  state,  with  respect  to  production  and 
loss  of  beat,  and  in  the  regulating  organs  as  well.  Probably  they  are  also 
sufficient  under  normal  conditions,  so  that  the  requisite  average  is  most 
easily  reached  from  phis  and  minus. 


It  is  not  unlikely  that,  while  in  general  the  cooling  of  the  organism  is  done  by  the 
skin,  the  respiratory  organs,  owing  to  their  condition  of  ventilation,  are  better  iittod 
to  execute  the  need  of  the  moment,  and  thus  to  equalize  the  slighter  fluctuations  in 
the  vicinity  of  the  normal ; aud  that  they  may,  under  certain  circumstances,  act  as 
supplemental  to  the  akin.  Nevertheless,  the  skin  it-se  f possesses  contrivances  by  means 
of  which  a delicate  regulation  of  the  loss  of  heat  can  be  achieved.  For  example,  if  a 
partial  heating  or  cooling  of  the  cutaneous  surface  be  produced,  we  can  distinctly 
observe  in  the  first  ease  a rapid  increase,  and  in  the  second  ease  a decrease  of  the 
afllux  of  blood,  and  of  the  local  heat  in  parts  of  the  skin  somewhat  removed  from  the 
locality  operated  upon.  The  caloric  which  is  withdrawn  or  retained  in  one  part  by 
the  contact  of  a cold  or  of  a warm  medium,  is  economized  or  expelled  in  some  other 
part. 


It  is,  however,  to  be  observed,  that  in  man  the  amount  of  normal  varia- 
tion exists  under  the  operation  of  numerous  external,  and  to  a certain 
extent  controllable  factors,  as  clothing,  ingestion  of  food  and  drink,  muscular 
activity;  in  short,  external  or,  perhaps  more  properly,  instinctive  suitable 
means  of  retention,  serve  to  maintain  the  normal  temperature.  Not  of 
itselt  alone,  without  help  from  outside,  does  the  organism  determine  the 
normal  temperature  of  the  body  ; the  various  changes  in  the  amount  of  biood 
ami  the  activity  of  the  skin  and  luugs  are  not  the  sole  means  of  correction, 
but  numerous  other  external  aids  are  required.  Their  influence  upon  the 
amount  of  production  and  of  loss  of  heat  can  neither  be  calculated  nor 
estimated.  “ The  fact  of  there  being  a normal  temperature  simply  indicates 
that  the  functions  of  the  healthy  warm-blooded  organism  are  only  compatible 
with  the  temperature  specified.” 


B nun manx  had  already  said  in  1845  (MuUtr't  Arch.,  p.  810):  fhe  skin  affords 
great  facilities  for  phenomena  of  changes  in  vascularity,  and  is  thereby  well  fitted  to 
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assist  in  equalizing  the  internal  temperature.  If  the  external  temperature  rise,  the 
temperature  of  the  skin  becomes  greater,  and  thus  a corresponding  derivation  of  beat 
can  take  place.  If  it  (the  external  temperature)  be  still  higher,  or  if  there  occur  an 
increased  production  of  heat  at  the  same  time,  increased  evaporation  co-operates  to 
bring  about  the  same  result.  If  the  production  is  increased  by  internal  causes,  taking 
of  food,  drink,  etc.,  the  same  series  of  phenomena  may  follow  without  any  change  in 
the  external  temperature.  The  contrary  is  to  be  said  of  lessened  production  of  heat 
with  and  without  lowering  of  the  external  temperature.  It  is  of  course  understood 
that  besides  these  factors,  there  is  the  greater  sensibility  of  the  skin  which  leads  man 
to  cover  himself  more,  or  to  do  the  opposite,  as  well  as  to  do  many  other  things  which 
might  be  mentioned,  and  that  every  variation  in  heat  of  skin  and  in  evaporation  must 
serve  to  correct  errors. 

Senator  believes  that  the  capacity  which  warm-blooded  animals  have  of  maintain- 
ing their  body-heat  at  a constant  height  is  really  limited  to  overcoming  a difference 
of  a very  few  degrees,  and  is  founded  chietly  upon  the  property  which  the  skin  has  of 
restricting  the  influence  of  variations  of  external  temperature  to  itself,  and  thereby 
shielding  internal  parts.  In  man  there  is  a latitude,  in  this  respect,  of  from  8 to  ID1 
C.  of  atmospheric  temperature,  within  which  the  organism  maintains  its  proper  heat 
without  any  external  aid.  The  upper  limit  of  this  is  at  a point  not  at  all  higher  than 
the  temperature  of  the  blood  (37  C. ),  but  rather  a little  below  it;  its  lower  limit  is 
at  about  27  -28°  C.,  both  being  thus  estimated  with  the  assumption  of  average  atmos- 
pheric pressure  and  average  atmospheric  moisture  ; with  changes  in  these  there  occur 
corresponding  variations  in  the  evaporation  of  water.  ( Virc/t . Arch.,  XLV.) 

Ackekmann  (Deri.  klin.  Wochenuchr .,  1872,  p.  2(1)  considers  it  possible  that  “under 
normal  conditions,”  with  bodily  rest  and  a medium  temperature  of  the  surrounding 
air,  the  mean  heat  of  the  body  will  be  maintained  at  a very  steady  and  regular 
height.  Numerous  facts,  however,  indicate  that  the  body-heat  by  no  means  remains 
within  normal  limits,  as  soon  as  important  influences,  such  as  those  brought  about  by 
“ instinct,”  by  “ unconscious  volition,"  intervene.  Animals  best  preserve  their  warmth 
when  lying  on  the  belly,  or  drawn  up  in  a heap,  by  which  means  the  belly  is  covered 
by  the  ground  or  by  the  limbs.  If  rabbits  be  tied  down  upon  their  backs  in  an  ex- 
tended position,  and  left  under  the  influence  of  an  ordinary  room-heat,  they  coutiuu 
ously  grow  colder,  with  such  rapidity  that  they  die  in  half  a day  or  one  day.  This 
cooling  is  not  a consequence  of  the  fettering  of  the  animal,  since  it  does  not  take 
place  if  it  be  inclosed  by  warm  covering.  Similarly  there  is  undoubtedly  more  heat 
given  off  from  the  anterior  part  of  the  human  body  than  from  its  posterior  surface, 
and  the  former  requires  more  protection  than  the  iatter,  etc. 

On  the  contrary,  it  appears  to  Liebeumeistkr  ( Vdkm.  Samml.  klin.  Vortrdge,  p. 
117)  “one  of  the  most  wonderful  provisions  in  the  wonderful  arrangement  of  the 
human  body,  that  as  long  as  it  is  healthy,  its  temperature  should  remain  under  all 
circumstances  constantly  at  (about)  a height  of  37  C.  Even  under  extremely  dif- 
ferent circumstances  the  body-heat  remains  constant.” 

According  to  Lierermeister.  a regulation  of  heat  takes  place,  “naturally  opera- 
tive only  within  given  physical  possibilities,”  especially  the  regulation  of  production 
according  to  the  loss,  in  a reflex  way,  and  indeed  under  the  operation  of  two  separate 
systems,  “ an  excito-caloric,  and  a moderating  system,”  both  of  which  have  their 
centres  in  the  brain.  Because  by  a separation  of  the  brain  from  its  nervous  connec- 
tions with  the  rest  of  the  body,  the  previously  steady  temperature  becomes  wholly 
changeable,  and  wholly  dependent  upon  the  amount  of  heat  lost,  it  appears  probable 
to  L.  that  this  connection  is  a condition  necessary  for  regulation  of  the  production  of 
heat.  The  immediate  diminution  of  body-heat  which  occurs  in  animals  after  the 
section  of  the  upper  part  of  the  spinal  cord  (Naunyn  and  Qitncke),  even  with  mod- 
erate loss  of  heat,  as  well  as  under  conditions  in  which,  without  operation,  the  loss  is 
compensated  by  an  immediate  proportionately  increased  production  of  heat,  and  also 
the  phenomena  in  a healthy  person  in  the  cold  bath,  which  are  of  “ variously  active 
character  (increase  of  heat  and  greater  production  of  CO,  to  three  or  four-fold  the 
normal  amount),”  very  surely  indicate  the  existence  of  an  excito-caloric  system : 
excitation  of  certain  nervous  paths  by  the  irritation  of  cold  accelerates  the  processes 
of  oxidation.  On  the  other  hand,  according  to  L.,  facts  also  speak  for  the  existence 
of  a moderating  system,  whose  inhibitory  influence  is  removed  by  section  of  the 
spinal  cord,  leading  to  the  immoderate  production  of  heat.  In  the  normal  state 
there  occurs  under  the  operation  of  this  system  a moderation  of  the  loss  of  heat  and 
a small  production  of  heat,  which  are  all  the  greater  the  higher  the  temperature  of 
the  skin  is ; and  vice  verttd.  The  assumption  of  the  existence  of  a moderating  apparatus 
is  supported  by  the  considerable  increase  of  temperature  which  is  sometimes  observed 
iu  man  after  injuries  to  the  spinal  cord,  as  well  as  in  lai'ger  animals  after  its  section 
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and,  lastly,  by  the  observation  of  TsCHBSCHtcnrs.  according  to  whoin  even  in  small 
animals  the  body-heat  rises  much  and  steadily  after  the  pons  has  been  separated 
from  the  medulla  by  section. 

It  has  been  attempted,  by  various  means,  to  acquire  a more  exact  knowl- 
edge of  the  amount  of  production  and  loss  of  animal  heat.  In  the  l ust  few 
years  the  influence  of  removal  of  heat  by  the  skin  has  been  made  use  of  for 
this  purpose. 

Formerly  it  was  thought  that  the  operation  of  losiug  heat  was  exclusi  vely 
due  to  changes  in  the  peripheral  circulation,  and  it  was  assumed  that  it 
was  also  possible,  by  volitional,  semi-volitional  and  instinctive  means  (food, 
exercise,  etc.)  to  protect  the  fixed  normal  temperature  of  the  organism  from 
the  effects  of  moderate  changes  of  external  teui(>erature.  Of  late  years, 
however,  the  opinion  has  l>een  brought  forward  that  the  organism,  within 
certain  limits  and  in  a wholly  involuntary  manner,  regulates  its  production 
of  heat  in  accordance  with  the  peripheral  loss,  and  that,  as  an  immediate 
consequence  of  every  withdrawal  of  beat  and  in  exact  proportion  to  its 
amount,  the  processes  of  oxidation  in  the  body  are  made  more  active. 

As  regards  the  immediate  effect  of  removal  of  heat,  the  first  effect  of 
such  an  action,  as  in  the  case  of  the  refrigeration  of  the  exposed  skin  of 
man  (if  not  too  slight),  is  found  to  consist  in  a nearly  simultaneous  or 
quickly  following  rise  of  temperature  in  the  axilla,  much  smaller  in  pro- 
portion than  the  preceding  diminution,  and  somewhat  later  in  the  rectum 
a slower  lowering  of  temperature ; seldom  no  change.  In  animals  the  man- 
ifestations vary  according  to  their  size:  small  animals,  as  rabbits,  which 
have  relatively  a much  larger  surface,  show  a continuous  fall  of  temperature  ; 
larger  dogs  not  seldom  exhibit  a rise  of  teirijM-rature  in  the  rectum,  analo- 
gous to  that  in  the  axilla  of  man.  There  seems  to  be,  in  larger  animals  and 
in  man,  between  the  considerably  cooled  external  parts  and  the  less  and 
more  slowly  cooled  internal  parts,  a layer  in  which  a slight  increase  of  heat 
takes  place.  In  prolonged,  and  more  especially  in  greater  abstraction  of 
heat,  tin-  temperature  of  this  intermediate  region,  as  indicated  by  measure- 
ment in  the  axilla,  ultimately  falls  and  does  so  continuously  as  long  as  the 
experiment  can  he  continued  without  injury  to  health.  This  may  be 
observed,  for  example,  when  the  subject  is  placed  naked  in  a cool  bath  or 
exposed  to  a low  temperature,  etc. 


Skn  atou  (Arch,  f.  Aunt. , Phy*. . ttc. , 1872,  p.  35)  explains  these  phenomena  as 
follows.  He  looks  upon  the  effect-  of  intense  refrigeration  as  made  up  of  the  effect 
of  a strong  irritation  of  a large  number  of  nerve-endings,  and  of  the  effect  of  with 
drawal  of  heat.  This  at-  first  affects  the  peripheral  layers.  Strong  sensory  irritation 
(and  colii  is  one  of  the  most  active  and  persistent  irritants)  produces  a narrowing  of 
the  bloodvessels  in  the  irritated  region,  and.  also,  a reduction  of  the  internal  tem- 
perature. This  latter  distant  result  he.  with  Hkwknhain,  explains  by  the  supposi- 
tion that  tho  vessels  of  the  sulxuitaneous  layers  of  connective  tissue  and  muscles 
enlarge  under  increased  blood-pressure,  in  consequence  of  which  the  rapidity  of  the 
circulation  increases,  and  more  heat  is  sent  from  the  deejsir  parts  to  this  middle 
layer,  musing  au  increase  of  temperature.  A much  more  important  rise  of  tempera- 
ture is  due,  however,  to  the  circumstance  that  by  the  contraction  of  the  bloodvessels 
of  the  skin  and  of  the  cutaneous  muscles,  the  specially  heat-producing  part  of  the 
hotly  is  more  or  less  completely  deprived  of  the  means  of  getting  rid  of  its  heat 
(especially  in  a hath,  which  prevents  evaporation  from  all  parts  which  are  wet),  and 
this  must  accumulate  in  those  tissues  which  lie  next  nnder  the  skin,  and  whose  ves- 
sels have  been  enlarged.  Whereas  the  provision  of  beat  in  the  internal  parte 
remains  protectee!,  and  is  at  the.  most  a little  cooled  by  the  blood  coining  in  from  the 
periphery,  the  middle  layer  (that  of  the  muscles)  gains  heat  in  a double  way,  chielly 
because  it  gives  off  less,  and  also  because  it  receives  a supply  from  within : there 
occurs  in  it  tut  accumulation  of  a great  part  of  the  heat  of  the  organism.  This  accu- 
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imitation  is  gradually  equalized,  however,  ns  well  by  the  penetration  of  the  cooling 
into  the  deeper  parts,  as  by  further  (though  much  less)  accumulation  of  heat  under 
the  muscular  layer  which  was  first  heated  : it  gains  this  more  by  economizing  on  the 
skin  than  in  any  other  way.  Naturally  all  spots  in  these  various  layers  do  not  always 
behave  in  the  same  manner,  for  various  degrees  of  vascularity  and  various  extent  of 
surface  in  the  different  parts  must  lead  to  the  production  of  differences  in  tempera- 
ture : iu  the  extremities,  for  instance,  the  contraction  of  bloodvessels  retards  cooling 
only  in  a measure,  but  leads  to  no  heating  as  in  the  internal  parts.  Lastly,  if  the 
cooling  exceed  the  heating  in  all  parts,  so  that  it  (the  cooling)  penetrates  directly 
inward  from  layer  to  layer,  and  that  by  means  of  the  circulation  constantly  increas- 
ing quantities  of  cooled  blood  are  forced  into  the  internal  parts,  the  temperature 
of  every  part  is  at  length  lowered. 

WlNTEKNtTZ  ( Virch.  Arch.,  LVI..  p.  188)  is  of  the  opinion  that  under  otherwise 
similar  conditions  the  change  in  the  distribution  of  heat  iu  the  organism  after  refrig- 
eration (as  indicated  by  differences  of  temperature  in  the  axilla  and  rectum)  is  so 
much  the  greater  the  more  mechanical  irritation  is  added  to  the  thermal.  Under 
similar  mechanical  influences  the  operation  of  refrigeration  by  means  of  a low  tem- 
perature produces  a greater  effect  than  by  means  of  somewhat  higher  temperature. 
The  effect  of  a dry  rubbing  alone,  which  is  only  a mechanical  irritation,  is  less  than 
that  of  a combination  of  thermal  and  mechanical  inlluences,  but  shows  itself  in  a 
similar  manner ; the  temperature  of  the  rectum  falls,  that  of  the  axilla  remains  sta- 
tionary or  rises. 

LikbkkmkIstKR  has  propounded  and  very  persistently  maintained  an  altogether 
different  interpretation  of  the  observed  phenomena.  Whereas  Senator  explains  the 
rise  of  temperature  in  the  axilla  (as  well  as  that  of  slighter  degree  in  the  rectum) 
which  appears  at  the  beginning  of  refrigeration,  without  production  of  heat,  by  sim- 
ple accumulation  of  heat,  the  assumption  of  an  essentially  uniform  production  of 
heat  independent  of  loss  of  hoat,  does  not  seem  to  him  well-founded,  even  iu  the 
normal  state.  The  hypothesis  that  all  the  different  contrivances,  independent  of  one 
another,  which  concur  in  the  mechanism  of  loss  of  heat  (“they  are  in  part  founded 
upon  physical  conditions  ; in  part  the  complicated  structure  of  the  skin,  and  especi- 
ally the  state  of  the  circulation,  of  perspiration,  and  of  evaporation  at  different  tem- 
peratures. in  part  are  the  result  of  instinctive  and  volition  actions  on  the  part  of  the 
individual  ”)  under  all  circumstances  co-operate  in  so  precise  a manner  that  the  sum- 
total  of  all  the  effect  amounts  to  just  enough  to  make  the  loss  of  heat  equal  to  the 
production  of  heat : — this  hypothesis  appears  to  him  inconsistent.  Could  such  a con- 
dition be  thought  possible  under  normal  circumstances,  it  must  appear  wholly  impos- 
sible under  altered  external  conditions.  These  phenomena  L.  attempts,  in  his  inter- 
pretation, to  explain  by  the  effect  of  refrigeration  upon  the  organism.  He  does  it  in 
the  following  manner.  If  a healthy  individual  takes  a cold  bath,  provided  that  its  dura- 
tion be  not  too  long,  the  temperature  of  his  internal  parts  is,  according  to  measure- 
ments taken  in  the  axilla  and  rectum,  not  lowered,  bat  it  remains  unchanged  or  shows 
a slight  increase  ; only  after  a longer  bath  in  the  case  of  individuals  having  little  power 
of  resistance  (only  later  in  others)  does  the  body-heat  fall  by  a few  tenths  of  degrees 
in  the  coarse  of  20  or  20  minutes.  As  it  seems  to  L.,  the  provision  of  beat.  Inside  the 
body  is  not  diminished  by  a cold  bath  of  moderate  duration,  that  is  to  say,  under 
conditions  in  which  an  immense  amount  of  heat  is  withdrawn  from  the  body.  “ Man 
possesses  the  inexhaustible  oil-bottle ; he  may  pour  out  as  much  as  he  pleases,  it 
remains  filled  to  the  same  height.”  ( Volkm.  klin.  Vortrilge , No.  19.) 

Liebehmeisteh  obtained  “ unequivocal  ” results  from  his  experiments.  For  exam- 
ple, if  a man  heated  1(>0  kil.  of  bath  water  from  20.1  to  20. 0 C.  in  nine  and  a half 
minutes,  a correcting  experiment  showed  that  heating  would  have  been  0.08  C. 
greater  if  the  water  had  not  given  off  heat  to  the  surrounding  air.  Thus  the  100  kil. 
of  water  were  made  warmer  by  0.53  C. , and  consequently  the  body  had  given  to  the 
water  100.000  x 0.52  = 84,800  calorics.  Under  ordinary  conditions  about  13.000 
calorics  would  be  given  off.  so  that  the  loss  of  heat  was  about  six  and  a half  times 
greater  than  the  normal  amount  in  the  hath.  And  in  this  the  heat  which,  during  the 
bath,  is  given  off  from  parts  of  the  head  not  under  water  and  by  the  respiratory  pro- 
cess, is  not  reckoned  ; this  amount  is,  however,  unimportant,  and  may  he  left  nncon- 
sidered.  Entirely  similar  were  the  results  of  other  experiments,  in  which  the  duration 
of  the  bath  was  prolonged  to  twenty -six  and  thirty-five  minutes.  L.  found  that  in  a 
hath  whose  temperature  was  22.5  C. , the  loss  of  heat  was  four  and  a half  times 
as  much  as  the  usual  loss  out  of  a bath;  in  one  of  2o  C.,  more  than  three  times, 
and  in  one  of  30  ' C..  double  the  amount.  An  explanation  of  these  facts  seems  to 
L.  possible  only  by  assuming  that  the  organism  produces,  during  the  whole  duration 
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of  the  hath,  enormous  quantities  of  heat  over  and  above  its  normal  measure,  and  thus 
constantly  replaces  the  enormous  losses. 

Of  course  tho  superficial  layers  and  the  peripheral  parts  of  the  body  really  become 
cooled,  but  the  state  of  the  internal  provision  of  heat  undoubtedly  remains  the  same. 
The  loss  of  heat  takes  place  during  the  first  few  minutes  of  the  bath,  reaching  a verj 
high  degree,  aud  taking  place  for  the  greater  part  at  the  expense  of  peripheral  por- 
tions, which  lose  heat  without  having  it  fully  restored.  Thus  the  total  loss  of  heat 
observed  is  not  to  be  considered  as  simultaneously  produced,  hut  that  part  of  it  which 
represents  *•  peripheral  refrigeration  ” is  lost  without  being  replaced  by  contemporary 
production.  The  amount  of  this  share  may,  according  to  L..  be  easily  ascertained 
with  sufficient  accuracy  by  experiments;  and  if  it  be  subtracted  from  the  total  loss 
of  heat,  there  remains  the  amount  of  heat  which  is  replaced  by  production.  This 
remainder  consequently  represents  the  amount  of  heat  produced  during  the  bath. 

In  order  to  be  able  to  estimate  the  amount  of  “peripheral  cooling  ” correctly,  the 
temperature  of  every  different  part  of  the  body  must  be  exactly  known  at  the  begin- 
ning and  the  end  of  the  bath-  Since  this  is  not  possible,  we  must  be  content  with 
taking  the  temperature  of  some  specified  parts.  According  to  LfKBKKMKlSTKH.  ••  tho 
source  of  error  from  the  above  nearly  disappears  if  we  consider  as  the  commencement 
of  the  exjieriment  not  the  beginning  of  the  bath,  but  a time  a little  later.  If  once 
the  cooling  of  peripheral  parts  has  to  a certain  extent  taken  place,  then  a further  loss 
of  heat,  which  shall  not  have  been  replaced  by  production,  cannot  ensue  without  pro- 
ducing a diminution  of  heat  in  the  deeply-lying  parts  accessible  to  measurement,  llow 
long  a time  must  be  allowed  to  pass  before  this  stationary  relation  between  the  tem- 
perature of  the  various  parts  of  the  body  becomes  established,  cannot  lie  determined 
a priori,  but  must  be  calculated  from  the  results  of  experiments  : these  indicate  that 
it  occurs  in  a moderately  short  time.  “ During  the  first  minutes  of  the  bath,  propor- 
tionately more  heat  is  given  off  from  the  peripheral  parts  of  the  body  to  the  water ; 
after  the  ebbing  of  this  loss  the  quantities  of  heat  given  off  in  equal  periods  of  tiino 
are  about  equal,  and,  in  two  ex]»eriment*.  even  in  a duration  of  seventeen  and  twenty- 
six  and  a half  minutes.  For,  as  during  this  period  the  axillary  temperature  does 
not  fail,  but  shows  ait  insignificant  rise,  it  seems  right  to  conclude  that  in  still  deep- 
er parts  the  body  has  undergone  no  cooling.  The  cooling  has  consequently  affect- 
ed only  the  peripheral  part*,  and  occurs,  as  shown  by  the  quantities  of  heat  received  by 
the  water,  only  during  the  first  minutes.  In  the  whole  of  the  succeeding  time,  just  as 
under  usual  conditions,  the  loss  of  heat  approximates  to  the  prod  action  of  heat,  and 
therefore  the  figures  representing  the  loss  of  heat  may  be  considered  as  representing 
the  amount  of  heat  produced.”  According  to  this  method.  L.  found  that  during  a 
quiet  stay  in  a bath  of  20  -2t  C.,  the  production  of  heat  was  four  fold  ; in  one  of 
22  -25  C. , three -fold;  in  one  of  80  C. , quite  do  utile  the  production  which  takes  place 
under  normal  medium  conditions.  (Arch.  f.  klin.  .Wed.,  V.,  p.  2 lit.)  Kkhmo's  re- 
searches. carried  out  in  the  same  way,  showed  that  in  a warm  bath  of  84  -85  C.,  the 
production  of  heat  is  about  the  same  as  under  normal  conditions. 

Even  if,  as  above  indicated,  undoubted  facts  have  been  demonstrated  in 
various  wavs,  their  physiological  explication  Btill  remains  exceedingly  vari- 
able: according  to  one  opinion  there  is  accumulation  of  heat  without  pro- 
duction, or  at  least  without  noteworthy  production  ; according  to  another 
view,  this  is  undoubtedly  much  increased.  The  solution  of  this  question 
can  only  be  obtained  by  exact  calorimetric  investigations. 

Senator  iArrh.f.  Ann/.,  Phff*.,  U.  *.  W.,  1872.  p.  1)  studied,  by  means  of  a calori- 
meter which  indicated  with  great  exactness  the  loss  of  heat  from  a tin  box  containing 
warm  water,  the  production  of  heat  in  dogs  under  various  conditions,  and  particular- 
ly under  refrigeration.  The  result  of  many  experiments  was,  that  the  animal  ex- 
perimented u|>on  did  not.  during  refrigeration,  produce  more,  but.  on  the  contrary,  less 
heat  than  is  normal,  while  other  experiments  made  it  probable  that  the  production  of 
heat  wa«  at  least  not  much  increased.  The  refrigeration  was  sought  to  lie  obtained  by 
having  the  water  of  the  calorimeter  colder  than  the  degree  which  he  had  determined 
by  previous  experiments  to  be  necessary  to  the  preservation  of  the  normal  state  : the 
animal  thus  being  made  to  sit  in  the  midst  of  a current  of  air  in  an  insufficiently 
warm  space.  The  refrigeration  may  accordingly  be  designated  as  moderate.  The  re- 
sult- were  the  same  as  those  olwerved  in  man  under  similar  circumstances,  for  whom 
LiKltKUMRisTKR  ( Are/t.  f.  Aunt.,  u.  4.  w. . 1881,  p.  41 1 made  t.he  following  estimate: 
that  there  were  produced  per  minute  2.7  kilo-calorics  by  the  immediate  contact  of  air 
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at,  1 2 C.  with  the  surface  of  the  body,  whereas  under  ordinary  circumstances  oniy 
1.8  kilo-calorics  were  thrown  otf  on  the  average.  L.’s  calculations  thus  were  decidedly 
in  favor  of  an  important  increase  in  the  production  of  heat.  Senator  adds  to  this, 
that  from  several  facts  it  must  be  concluded  that  the  production  of  heat  during 
refrigeration  obeys  the  same  laws  in  man  and  in  dogs. 

For,  in  all  his  experiments,  even  when  the  duration  was  only  half  an  hour  and  the 
temperature  of  the  calorimeter  a relatively  high  one.  when  the  temperature  of  the 
body  (measured  in  the  rectum)  had  sunk,  it  was  possible  to  object  that  (what  is  in 
itself  improbable)  the  kind  and  duration  of  the  process  of  refrigeration,  in  spite  of 
its  apparent  insignificance  in  comparison  with  sponging  and  cold  baths,  had  exceeded 
the  limits  within  which  Ltkrkrmeistkr’s  regulatory  increase  of  production  of  heat 
takes  place,  and  that  with  yet  shorter  experiments  a positive  result,  rise  of  tempera- 
ture in  the  rectum,  might  be  expected.  But  shorter  experiments  gave  no  certain 
results  because  of  the  want  of  standards  to  measure  the  changes  in  the  stored-up  heat, 
and  are  consequently  useless. 


In  opposition  to  this  method,  nearly  free  from  error,  the  theory  of  the 
increase  of  production  of  heat  in  proportion  to  the  loss  of  heat,  rests  upon 
much  more  uncertain  grounds.  As  above  stated,  the  estimation  of  the 
amount  of  production  by  means  of  measurements  of  the  temperature  of 
the  water  of  a bath,  upon  the  supposition  that  an  increase  of  body-heat 
observed  in  the  axilla  or  rectum  during  the  period  of  accumulation  of  heat, 
indicates  a corresponding  increase  in  the  whole  body.  The  most  careful 
consideration  here  reveals  the  circumstance,  that  unavoidable  errors  in 
reading  off  the  thermometer  may  greatly  alter  the  results  of  calculation, 
because  in  the  slight  increase  in  the  heat  of  the  bath-water  and  of  the  parts 
of  the  body  observed,  may  even  in  favorable  cases  be  relatively  important. 
Besides,  the  above-named  assumption  is  incorrect,  and  thus  an  exact  esti- 
mation of  the  amount  of  heat  given  off  to  the  bath-water  is  quite  impossi- 
ble. 

WlNTERNlTZ  ( Or  sir.  JaJirb.,  1871,  p.  180)  has  shown,  and  ACKEKMANN  ( Jlrl.  Alin. 
Wochenschr .,  1872,  No.  8)  confirmed  the  fact  that  the  water  of  an  open  bath  may 
show  in  its  various  strata  differences  of  temperature  amounting  to  several  tenths  of 
a degree,  and  that  in  spite  of  a previous  thorough  mixture.  If  the  heat  given  off  from 
a mass  of  water  left  to  itself  is  not  the  same  from  minute  to  minute,  it  must  be  still 
less  so  iu  the  case  of  a living  body,  especially  if  it  be  exposed  to  energetic  refrigera- 
tion. In  such  a case  the  amount  of  heat  given  off  to  the  water  in  its  various  strata 
necessarily  fluctuates  from  minute  to  minute,  and  because  of  the  great  probability  of 
notable  differences  between  the  two  factors  of  the  observation,  it  becomes  impossible 
to  draw  correct  conclusions  as  to  the  degree  of  cooling  of  the  water  during  the  time 
of  bathing,  especially  if  there  be  a large  quantity.  The  calorimetric  apparatus  made 
use  of  by  Senator  in  his  experiments  gives  far  more  exact  results,  because  the  water 
in  it  is  as  much  as  possible  protected  against  evaporation,  conduction,  and  radiation. 

Stdl  more  questionable  is  Lierermeibteu’s  opinion  of  the  constancy  of  the  tempera- 
ture of  the  internal  parts,  “as  indicated  by  measurements  in  the  axilla  and  rectum,” 
during  refrigeration  of  a healthy  animal.  When  W intermit/,  plunged  one  forearm 
up  to  the  elbow  in  water  colder  than  the  skin,  there  was  soon  made  manifest  a dis- 
similar course  of  temperature  in  both  axillic.  which  previously  had,  without  such  provo- 
cation, shown  differences  of  from  0. 1 to  0.2  C.  ; and  the  rule  was  that  the  heat  of  the 
axilla  on  the  side  opposite  to  the  immersed  arm  rose  in  a relatively  marked  manner, 
while  that  of  the  axilla  corresponding  to  the  cooled  arm  rose  but  little,  remained  the 
same,  or  even  sank.  In  this  way  differences  of  0.8  C.  were  produced.  Similar 
variations  were  produced  by  immersion  of  the  arm  in  water  warmer  than  the  skin  ; 
and  even  simple  friction  of  one  forearm,  without  exposure,  sufficed  to  cause  an  increase 
of  0. 1 J to  0.2  C.  in  the  axilla  of  the  other  side. 

New  experiments  in  one  case  ( Virchow's  Archie , LVI. , p.  182)  taught  IV  intern  itz 
the  following.  Exposure  of  the  body  (the  effect  of  a cool  chamber  air,  and  wrapping 
in  cool  woollen  covering  being  considered)  produced  in  twenty-seven  minutes  a rise 
of  axillary  temperature  amounting  to  0.40  C.,  a depression  in  the  rectum  equal  to 
0.8°  C.  ; so  that  the  latter,  after  the  lapse  of  this  time,  had  a lower  temperature  than 
the  former,  though  it  (axilla)  was  0. 05  G.  the  colder  before  the  experiment.  31  ore  cun- 
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siderable  refrigeration  (wet  sponging,  the  air-bath)  rendered  the  reversed  progress  of 
the  temperature  still  more  striking  in  both  places,  the  difference  in  favor  of  the  axilla 
amounting  to  0.4  C.  at  the  end  of  the  experiment. 

Senator  has  made  analogous  observations;  compare  what  has  been  said  supra 
about  the  effects  of  refrigeration.  Later  he  found  ( 1 irch.  Arch..  L..  p.  3(i8)  that  by 
simply  uncovering  one  half  of  the  body,  the  temperature  of  the  axilla  on  the  cooled 
side  alone  rose,  while  that  of  the  opposite  axilla  sank. 

A<  kekmann  found  that  if  a thermometer  is  introduced  through  the  jugular  vein 
as  far  as  into  the  inferior  vena  cava,  and  a local  cooling  application  is  made  on  the 
external  skin,  the  temperature  of  the  blood  in  the  vena  cava  at  once  falls,  and  shows 
a number  of  fluctuations,  none  of  which  attain  the  height  of  the  primary  temperature. 
This  diminution  lasts  a little  while  longer  than  the  cold  application.  Thus  proof  iB 
afforded  that  at  least  in  the  middle  part  of  the  vena  cava  the  blood  is  made  cooler  by 
external  refrigeration  (Berlin,  klin.  Woch. , 1872,  p.  23). 

On  the  basis  of  these  and  of  other  physiological  observations  which  are 
not  here  considered,  it  is  in  part  demonstrated,  in  part  made  probable,  that 
during  refrigeration  the  temperature  of  internal  parts  may  be  very  various, 
and  that  it  is  unallowable  to  look  upon  the  measurement  of  the  tempera- 
ture of  an  axilla,  or  of  a part  of  the  rectum,  as  giving  the  mean  heat  of 
the  internal  parts  of  the  body.  Above  all,  the  heat  of  the  internal  parts 
in  general  must  not  be  inferred  from  the  great  differences  in  the  heat  of 
various  organs. 

It  follows  from  what  has  been  said,  that  the  assumption  that  the  produc- 
tion of  heat  is  not  influenced  or  at  least  not  much  increased  by  refrigera- 
tion, is  much  more  probable  than  the  opposite  view,  which  claims  that  there 
is  an  immediate  marked  increase  of  production  when  the  peripheral  parts 
are  cooled.  If  the  latter  were  correct,  the  loss  of  heat  would  be  at  once 
actually  replaced,  so  that  under  all  circumstances  the  temperature  of  any 
given  part  of  the  interior  would  remain  us  high  as  before  the  cooling, 
which  in  reality  is  not  the  case.  The  lowering  of  temperature  in  the 
rectum  at  the  same  time  that  the  heat  of  the  axilla  increases,  is  opposed  to 
the  existence  of  any  marked  increase  in  the  internal  parts.  Still  more 
positive  is  the  dissimilar  condition  of  the  two  axilla-  observed  under  certain 
circumstances.  In  this  case  it  cannot  be  alleged  that  the  increased  pro- 
duction of  heat  shows  itself  only  in  the  axilla  on  the  cooled  side,  but  is  not 
sufficient  to  warm  both  axilla-,  or  at  least  to  preserve  them  from  cooling. 
It  in  this  different  condition  of  the  two  sides  of  the  body  the  influence  of 
heat-production  be  not  recognized,  but  only  that  of  various  states  of  blood- 
vessels, it  may  be  added,  at  any  rate,  that  there  are  refrigerations  of  not 
less  intensity  whose  effects  extend  as  far  as  the  most  distant  axilla,  and 
which  exert  no  influence  whatever  upon  the  production. 

All  irritations  of  the  skin  (and  refrigeration  is  one)  produce  a change  in 
the  bloodvessels  of  the  atfected  parts  of  the  body,  at  first  a contraction  of 
the  vessels  of  the  skin  checking  the  giving  off  of  heat;  though  very  soon 
after,  especially  with  strong  irritations,  there  appears  a vascular  relaxation 
favorable  to  this  loss,  and  in  consequence  the  body-heat  is  lowered.  Direct 
experiments  have  shown  that  the  giving  off  of  heat  by  the  skin,  during 
very  small  fluctuations  in  its  surface-temperature,  can  vary  as  much  as  40$ 
according  as  the  vessels  are  dilated  or  contracted.  Thus  the  increased 
temperature  of  the  axilla,  or  its  constancy,  after  cutaneous  refrigeration  of 
not  too  long  duration,  may  be  explained,  without  supposing  any  increased 
heat-production.  In  case  of  longer  acting  refrigeration  with  similar  effect 
ot  the  temperature,  it  is  to  be  considered  that  there  are  muscular  layers  in 
the  neighborhood  of  the  mercurial  bulb,  the  bloodvessels  of  which  (u3 
made  very  probable  by  recent  researches)  do  not  contract  upon  the  irrita- 
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tion  of  cold  on  peripheral  parts,  any  more  than  they  do  upon  irritation  of 
the  spinal  cord.  On  the  other  hand,  the  internal  organs  are  somewhat 
cooled  hy  the  intense  action  of  cold,  partly  because  their  blood  flows  out 
toward  the  muscles  (animals  killed  under  such  circumstances  exhibit  inter- 
nal ainemia),  partly  because  the  cooled  blood  re-enters  their  vessels.  A 
complete  proof  of  the  correctness  of  this  opinion  cannot  be  given  at  the 
present  time,  because  we  cannot  now  estimate,  on  the  one  hand  the  pro- 
ducts of  increased  metamorphosis,  on  the  other  those  of  decreased  meta- 
morphosis, and  also  the  individual  factors  by  means  of  which  the  essentially 
unknown  result  is  brought  about.  The  chief  importance  is  always  attached 
to  the  altered  distribution  of  blood,  and  this,  on  the  principle  that  where 
there  is  less  blood,  heat  is  less,  and  vice  versd — with  respect  to  altered  func- 
tion and  heat-production  in  the  various  organs;  according  to  this,  however, 
a repeated  increase  of  heat-production  becomes  very  doubtful. 

It  is  highly  probable,  from  the  results  of  various  observations  by  WntTEKNlTZ, 
that  the  blood  driven  out  of  internal  organs  flows  into  the  muscles  and  thus  makes 
in  them  a warm  layer,  in  which  increased  production  of  heat  takes  place,  and  by 
which  the  internal  organs  are  as  far  ns  possible  protected  from  refrigeration.  The 
amount  of  the  compensation  thus  produced  cannot  at  the  present  time  be  approxi- 
mately estimated,  and  thus  a calculation  of  the  amount  of  heat-production  is  made 
impossible.  80  long,  consequently,  as  the  mechanism  of  compensation  maintains 
the  equilibrium  between  loss  of  heat  by  refrigeration  and  increased  production  of 
heat  in  the  muscles,  the  axillary  temperature  will  not  fall,  while  the  rectal  tempera- 
ture has  already  fallen  because  of  diminished  production  ; but  if  the  refrigeration  be 
too  great  the  compensation  is  insufficient,  and  the  axillary  temperature  falls  likewise. 
Its  falling  after  the  cessation  of  refrigeration  is  the  expression  of  the  equalization 
of  the  deranged  distribution  of  blood  ; and  for  a similar  reason  the  temperature  of 
the  rectum  may  he  even  more  depressed.  Owing  to  this  compensation  (increased 
activity  on  the  one  hand,  diminished  activity  on  the  other),  the  general  balance  of 
the  economy  is  not  at  all  or  not  spec  hilly  disturbed ; the  total  consumption  may 
remain  the  same  in  spite  of  increased  consumption  in  one  organ,  or  in  a group  of 
organs. 

Rosenthal  finds  that  an  alteration  in  the  production  of  heat  by  the  effect  of 
variously  higher  surrounding  temperatures  is  not  proven.  According  to  him,  all 
phenomena  of  the  regulation  of  heat  can  be  explained  by  the  changed  giving  off  of 
heat  from  the  skin  which  occurs  under  various  circumstances,  produced  by  changing 
states  of  the  cutaneous  bloodvessels ; and  next  to  this,  the  other  regulatory  means, 
such  as  respiration,  evaporation  of  water,  etc.,  play  only  secondary  parts. 


Recently,  proceeding  upon  the  correct  premise,  that  increased  metamor- 
phosis must  cause  increased  production  of  heat,  it  has  been  proposed  to 
solve  the  question,  whether  refrigeration  does  not  cause  increased  produc- 
tion, by  estimating  the  amount  of  OCR  excreted.  Rut  such  experiments  do 
not  give  exact  results.  For  we  do  not  yet  know  the  influence  of  different 
temperatures  upon  the  excretions  of  CO.,  from  the  blood  and  organs  with 
enough  exactness  to  enable  us  to  conclude  from  an  increased  excretion  and 
nothing  more  to  increased  combustion.  At  all  events  it  is  imaginable, 
though  at  the  present  time  little  probable,  that  under  the  influence  of 
refrigeration  larger  amounts  of  CO.  pass  from  organs  into  the  blood,  and  are 
given  off  from  the  latter  to  the  external  world. 

According  to  LlRRERMEiSTER,  numerous  experiments  favor  the  view  that  under 
the  influence  of  cold  on  the  organism  CO,  is  excreted  in  larger  quantities  in  conse- 
quence of  increased  heat- prod  action.  “The  amount  of  the  excreted  CO,  increases 
if  we  undress  iu  a chamber  whose  air  is  at  an  ordinary  temperature  ; the  increase  is 
greater  if  the  bare  body  is  washed  with  cold  water  ; and  in  the  cold  bath  it  reaches 
an  extraordinary  quantity.  For  instance,  a man  who,  under  ordinary  circumstances, 
excretes  about  13  grin,  in  half  au  hour,  will  lose  39  gnu.  iu  the  same  length  of  tune 
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if  placed  in  a cold  bath.  Besides,  older  observers  had  already  frequently  noted  the 
fact  that  with  a low  temperature  of  the  surrounding  air.  the  excretion  of  CO.,  is  greater 
than  with  a higher  temperature.  ( V'Akmnn'*  klin.  Vortnig , Xo.  11).)”  “In  general, 
the  production  of  Cl)  • is  so  much  more  marked  the  greater  is  the  refrigeration  ” (I). 
Arch.  f.  klin.  Med..  X..  p.  101).  and  it  is  besides  very  possible  that  this  increase  of 
excretion  continues  for  15-30  minutes  after  the  bath  (Gti.DKMKIster).  Senator, 
however,  does  not  acknowledge  such  a result  upon  the  basis  of  his  own  calculation, 
lint,  rather  intimates  that  the  increase  of  CO»  observed  by  L.  is  not  nearly  as  great 
as  it  should  have  been,  according  to  L.’s  conclusions.  The  estimation  of  the  amount  of 
heat  developed  in  relation  to  the  increase  of  COj  is  always  too  great  to  make  car- 
bonic acid  a standard  measure  for  the  conditions  of  the  liberated  forces,  in  which 
mechanical  labor  must  be  included.  Even  in  the  state  of  absolute  external  rest 
(so-called)  some  labor  is  involved,  inasmuch  as  all  the  voluntary  muscles  are  never 
absolutely  inactive ; and  the  muscular  apparatus  of  the  excretory  ducts  of  glands, 
that  of  the  respiratory,  circulatory,  and  digestive  systems,  works  uninterruptedly,  and 
that  without  externally  appreciable  movements.  Most  of  these  active  processes  are 
increased  by  the  irritating  effect  of  cold,  and  by  that  alone  the  production  of  CO  . is 
increased  out  of  proportion  to  that  of  heat.  The  respiratory  movements,  in  par- 
ticular, become  more  frequent  and  energetic  under  the  influence  of  cold:  and  in 
consequence  of  this  the  blood,  through  greater  ventilation,  gives  off  more  CO.,  an 
excess  which  becomes  important  for  short  periods  of  time  (as  e g.,  in  L.’s  observa- 
tions) ; and  further,  there  is  greater  muscular  activity,  and  more  CO-,  is  produced. 
According  to  P.  Hkrino,  two  strong  expirations,  sufficient  to  produce  apmca.  re- 
moves nearly  all  the  CO x from  the  blood;  ami  similarly  by  the  irritating  effect  of 
cold  during  refrigeration  the  frequency  and  depth  of  the  respirations  are  very  much 
increased,  and  thus  the  pulmonary  ventilation  is  made  so  much  more  active.  So 
that,  under  the  above  favorable  conditions,  an  excretion  of  CO*  in  disproportionate 
quantities  may  very  well  take  place  without  there  having  been  any  marked  increase 
in  the  production  of  heat  at  the  same  time.  Consequently,  S.  concludes  that  by 
refrigeration  of  the  surface  of  the  body  a considerable  increase  in  heat-production 
can  hardly  be  said  to  be  produced ; a small  increase  may  naturally  be  brought  about 
by  greater  force  of  respiration,  j>erbaps  by  altered  conditions  of  friction  within  the 
bloodvessels,  by  a somewhat  greater  metamorphosis  in  the  heated  parts.  At  any  rate, 
the  proposition  that  the  formation  of  CO.,  and  with  it  the  production  of  heat,  is  in- 
creased by  refrigeration,  is  not  yet  established. 

With  respect  to  urea  and  uric  acid,  the  experiments  referred  to  as  instituted  for  the 
special  study  of  fever,  have  as  yet  indicates!  nothing  certainly  favorable  to  a regu- 
latory increase  of  production. 

From  the  investigations  made  thus  far,  it  results  that,  with  respect  to  the 
effect  of  refrigeration,  we  must  accept  the  fact  of  a certain  resistance  of  the 
internal  temperature  during  moderate  duration  of  the  cooling,  without 
there  being  a generally  accepted  explanation  of  it.  However,  the  hypothe- 
sis, according  to  which  the  preservation  of  the  internal  temperature  is 
brought  about  by  a special  complex  regulatory  mechanism,  and  not  simply 
by  changes  in  the  cutaneous  bloodvessels,  is  wholly  improbable. 

It  would  appear  that  the  organism  shows  a smaller  resistance  against 
the  external  influence  of  heat  than  against  losses  of  heat  which  do  not  exceed 
a certain  limit.  The  regulatory  processes  which  have  their  seat  in  the 
skin  much  more  easily  become  relatively  insufficient  in  case  of  checking 
ot  loss  of  heat,  and  there  consequently  ensues  an  increase  in  body-heat. 

I lias,  by  checking  of  radiation  and  evaporation,  as  in  a steam-bath,  for 
example. 

In  the  imperfect  state  of  our  knowledge  of  the  nature  and  mode  of  action 
ot  so  apparently  simple  an  interference  with  the  regulation  of  heat,  as 
refrigeration  under  physiological  conditions,  and  with  the  so  various  signifi- 
cance of  the  phenomena  observed,  it  is  not  surprising  that  the  same 
observations  and  experiments  made  in  fever-patients  have  not  afforded  a 
clear  result,  and  a nearer  insight  into  the  nature  of  fever.  At  least, 
opinions  which  are  held  by  some,  on  the  strength  of  their  own  experiments, 
to  be  undoubtedly  correct,  are  by  others  rejected  as  utterly  untenable. 
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Tn  particular,  Liebermeisteh  and  his  school  consider  the  excretion  of  carbonic 
acid,  occurring  when  the  external  skin  is  cooled,  ns  evidence  of  the  regulatory  pro- 
cesses which  are  active  in  fever  also.  ( Volhmann's  Samml.  /din.  Vort V.,  p.~  132.) 
Senator  expresses  himself  as  decidedly  opposed  to  all  such  statements,  since  in- 
creased excretion  does  not  permit  us  to  conclude  that  there  is  simultaneous  increased 
production.  In  opposition  to  refrigeration  by  cooling  of  the  skin,  there  does  not  take 
place,  according  to  Liebeumeistkb  {lb. , p.  254),  in  the  case  of  internal  cooling  (cold 
drinks,  swallowing  of  ice,  cold  enemata),  a regulatory  increase  of  heat-production. 
If  it  were  thus  possible  to  withdraw  large  amounts  of  heat  from  internal  organs  with- 
out great  difficulty,  this  mode  of  refrigeration  would  be  the  one  most  recommended 
by  theory,  since  in  this  way  there  is  no  resistance  to  be  overcome,  and  the  organism  is 
not  thereby  excited  to  greater  production.  Nevertheless,  practical  experience  does 
not  appear  to  favor  this  opinion.  Kemperdick  (Berlin,  kl.  Wochensehr .,  1873,  No. 
10)  obtained  in  typhoid  fever  a marked  cooling  by  the  passage  of  a continuous  stream 
of  cold  water  in  the  rectum,  during  several  hours,  by  means  of  a double  canula  intro- 
duced into  this  cavity.  As  the  lirst  and  immediate  effect  of  this  procedure,  there 
occurred,  however,  a rise  of  the  axillary  temperature  amounting  to  0.3  -0.4  C.,  that 
is  to  say,  the  same  phenomenon  as  appears  when  the  skin  is  cooled,  and  which  is  to 
be  explained  in  the  same  (above  explained)  manner  (that  is  to  say,  not  in  Liejser- 
metster’s  way).  Senator  also  saw  the  temperature  of  the  axilla  rise  in  the  course 
of  ten  minutes  from  38.3°  C.  to  38.55'  C. , during  injections  of  ice-water  in  the  colon 
against  ileus.  The  fact  that  the  action  of  cold  from  within  the  stomach  does  not,  us 
a rule,  produce  a rise  in  the  axillary  temperature,  as  occurs  at  the  beginning  of 
cutaneous  refrigeration,  he  explains  simply  by  the  occurrence  of  much  less  sensory 
irritation,  partly  because  of  the  much  smaller  extent  of  surface,  (tartly  because  of 
the  degree  to  which  the  gastric  mucous  membrane  is  accustomed  to  cold  drinks. 

Of  much  greater  importance  for  the  acquisition  of  a nearer  insight  into 
the  febrile  process,  than  the  variously  interpreted  experiments  upon  the 
effect  of  refrigeration,  are  the  direct  examinations  of  metamorphosis  in 
fever-patients. 

As  the  most  important  faots  ascertained  with  reference  to  this  have  been  laid  before 
the  reader  in  preceding  sections,  it,  only  remains  to  give  a short  summary  of  the 
results  : reference  is  made  in  the  following  sections  to  some  few  particulars. 

Without  any  doubt,  metamorphosis  is  increased  in  fever.  There  does 
not,  however,  occur  a simple  and  uniform  increase  of  the  normal  processes 
of  metamorphosis,  but  the  process  of  oxidation  of  nitrogenous  substances 
is  made  more  active  than  that  of  the  non-nitrogenous. 

More  especially  there  occurs  a greater  destruction  of  albumen,  chiefly 
indicated  by  increased  excretion  of  urea,  and  that  in  spite  of  the  fact  that 
the  conditions  for  its  separation  are  less  favorable  in  fever,  because  of 
diminution  in  the  amount  of  urine.  Even  under  the  most  unfavorable 
circumstances  we  find  in  fever-patients  an  average  increase  in  the  excretion 
of  urea,  amounting  to  more  than  double  what  is  thrown  out  in  noil-febrile 
states  under  otherwise  similar  conditions.  Frequently,  almost  regularly, 
the  amount  of  urea  begins  to  increase  before  the  beginning  of  the  fever 
proper,  at  least  before  the  chill  and  rise  of  temperature.  At  all  events, 
the  destruction  of  albumen  is  even  greater  than  is  represented  by  the  amount 
of  urea,  which  is  its  most  important  product,  and  consequently  it  amounts 
to  more  than  twice  the  normal  destruction.  The  nitrogen  can  leave  the 
body  by  many  other  ways,  directly  as  albumen,  blood,  as  ammonia,  uric 
acid,  and  other  products  of  incomplete  oxidation  ; partly  through  the  ui  ine, 
diarrhoeas,  sweat,  expectoration,  exudation,  etc.  those  nitrogenous  piinci- 
ples  which  are  rich  in  potassa  and  blood-pigment  (blood-corpuscles,  mus- 
cles, parenchymatous  degeneration  of  organs)  are  decomposed  in  greatest 
amount. 

The  provisions  for  the  excretion  of  CO,,  the  most  important  pioduct 
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of  the  decomposition  of  non-nifcrogenous  substances,  are  more  favorable  in 
the  febrile  than  in  the  normal  state;  and  as  the  excretion  is  increased  by 
3()_40<£  in  favorable  cases,  there  must  occur  a slight  increase  in  its  forma- 
tion. This,  however,  holds  good  only  for  the  day-time,  for  then  (Just  as 
shown  bv  physiological  observations  in  the  normal  state)  it  presumably  di- 
minishes. 

According  to  a number  of  investigations,  it  is  the  red  blood-corpuscles, 
that  is  to  say,  those  elements  which  we  know  to  take  up  oxygen  from  the 
air  and  serve  to  transport  it  to  the  tissues,  which  suffer  the  most  in  fever. 
If  the  organism  in  fever  cannot  appropriate  as  much  oxygen  as  in  the  same 
dietetic  conditions  in  the  non-febrile  state,  it  likewise  cannot  furnish  as 
much  of  products  of  oxidation.  But  as  larger  quantities  of  oxygen  are 
used  in  the  formation  of  greater  amounts  of  urea  it  is  probable  that  an  ex- 
cessive formation  of  other  products  of  combustion  (so  often  asserted)  does 
not  take  place.  In  this  connection  there  are  yet  great  blanks  in  our 
knowledge,  to  be  filled  by  future,  more  extended  observation.  At  all 
events,  it  follows  from  what  has  been  said  above,  that  fever-patients  become 
relatively  poorer  in  nitrogenous,  and  richer  in  non-nit rogenous  elements 
(the  latter  in  consequence  of  non-nitrogenous  reduction  of  albuminous 
bodies  after  the  separation  of  urea). 

While,  in  general,  the  conditions  for  the  escape  of  water  through  the 
kidneys  is  less  favorable  in  fever  than  in  the  normal  state,  the  amount  of 
water  evaporated  is  increased,  and  thus  there  is,  as  a rule,  a relatively 
larger 'part  of  the  ingested  water  excreted  by  evaporation.  The  influence 
of  a possible  new-formation  of  water  as  an  ultimate  product  of  oxidation  is 
not  to  be  estimated  at  the  present  time;  when  the  supply  of  water  is  greater 
some  of  it  maybe  retained.  The  changes  of  the  body  weight  in  fever  are 
to  a great  extent  dej*e»deut  upon  these  changing  condittons  of  supply  and 
excretion  of  water;  the  gaseous  exhalations  and  inhalations  are  of  much 
less  importance.  Accordingly,  the  question,  what  results  from  the  al>ove 
explained  conditions  of  febrile  metamorphosis  can  be  made  use  of  for 
appreciating  the  regulation  of  heat  in  fever,  is  answered  variously  by  differ- 
ent authors.  While  some,  on  the  strength  of  the  knowledge  of  increase  of 
the  products  of  oxidation  by  means  of  which  they  explain  the  rise  in  body- 
heat,  aud  proclaim  the  increase  in  heat-production  to  be  the  essence  of 
fever;  others  ask  whether  this  increase  is  a sufficient  explanation,  and 
whether  there  are  not  other  factors  to  be  taken  into  consideration.  Nay, 
some  doubts  even  begin  to  las  occasionally  uttered  as  to  whether  increase  of 
body-heat  is  to  be  made  an  absolute  sine  <jua  rum  for  the  conception  of 
fever,  or  whether  it  would  not  la*  better  to  be  content  with  demonstrating 
increased  tissue-metamorphosis.  Aside  from  this,  there  is  at  the  present  a 
complete  unanimity  on  the  proposition  that  increase  of  body-heat  must 
be  considered  as  the  PATHOGNOMONIC  sign  of  fever,  in  so  far  as  it  depends 
upon  an  internal  and  special  morbid  state  ; while  those  elevations  of  tem- 
perature which  are  caused  only  by  insufficiency  of  the  means  of  removing 
the  heat  produced,  and  which  quickly  pass  away  after  renewed  activity  of 
these  means  (as  during  a stay  in  an  excessively  warm  and  moist  medium, 
in  a vapor-bath,  after  extreme  muscular  exertions),  are  not  to  be  looked 
upon  as  febrile.  By  no  means  are  we  to  consider  elevation  of  temperature 
and  lever  as  identical,  and  if,  therefore,  we  regal'd  the  causes  of  the  patho- 
logically altered  and  especially  of  tin*  heightened  temperature,  then  w<*  shall 
not  have  attempted  to  give  an  explanation  of  fever,  but  only  of  its  most  im- 
portant symptom. 
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Fever  is  a pro  tip  of  symptoms  which,  in  full}' -developed  cases,  are  as  a rule,  but 
not  necessarily,  found  united  ; for  circumstances  may  arise  which  shall  make  the 
presence  of  one  or  another  symptom  impossible.  Accordingly  the  setting  up  of  our 
present  conception  of  fever  is  to  a certain  extent  arbitrary,  though  in  the  strongest 
manner  justified  by  experience,  and  exceedingly  practical.  Elevation  of  the  tempera- 
ture of  the  body  is  the  most  important  of  the  febrile  symptoms,  partly  because  it  is 
easy  to  recognize,  and  allows  the  determination  of  the  non-febrile  state  to  be  made 
with  great  certainty,  partly  because  it  undoubtedly  inliuences  to  a greater  or  less 
extent  the  manifestation  of  several  other  symptoms  of  fever,  such  as,  for  example, 
those  of  the  pulse,  respiration,  nervous  phenomena,  etc.  The  idea  usually  conveyed 
by  the  word  “fever”  is  not  comprehensive  enough  to  include  all  the  modifications  of 
temperature  occurring  in  patients,  especially  fever-patients ; we  exclude  from  the 
class  of  fevers  those  conditions  in  which  the  temperature  is  normal  and  sub-nor- 
mal, although  many  of  them  present  a certain  resemblance  to  the  states  character- 
ized by  elevation  of  body-heat.  It  is  certainly  not  absolutely  light  to  allow  ourselves 
to  be  guided  by  the  above-mentioned  practical  considerations ; but  it  impairs  the 
general  intelligibility  of  the  subject  if  we  are  willing  to  include  under  the  head 
of  fever  such  states  as  collapse,  large  remission -periods,  and  a number  of  light  cases 
of  disease  which  usually  run  their  course  with  increase  of  body -heat.  It  may  be  once 
more  asserted  that  the  symptom -group  of  fever  appears  united,  as  a rule.  In  this 
connection  compare  remarks  by  SENATOR  ( Virc'h . Arch.,  XLV.,  p.  351;  Fieberhft. 
Proc. . p.  170),  and  Naunyn  {Arch.  f.  exper.  Pathol , I.,  p.  181). 

The  rise  of  temperature  of  the  whole  uody,  which  is  the  charac- 
teristic factor  of  the  true  febrile  state,  may  occur  : 

1.  By  retention  of  heat  because  of  insufficient  separation,  A 
lessened  giving  oil*  of  heat  may  depend  upon  several  conditions,  but  it  can 
hardly  be  assumed  that  such  conditions  persist  throughout  the  course  of  a 
prolonged  febrile  state  ; that  elevations  of  body-heat  lasting  weeks  and 
months  can  thus  be  caused.  It  is  a matter  of  every-day  experience  that  the 
covering  of  fever-patients  is  more  heated  than  that  of  healthy  persons — con- 
sequently an  outward  flow  of  heat  must  occur,  as  usual.  On  the  contrary, 
it  is  to  be  borne  in  mind  that  on  the  one  hand  a temporary  retention  of  heat 
does  take  place  and  that  an  attack  of  fever  may  be  caused,  or  one  already 
present  may  be  aggravated  by  it,  as  happens,  for  example,  in  the  chill  of 
fever;  and,  on  the  other  hand,  that  a continued  febrile  state  is  influenced 
in  a special  manner  by  such  temporary  retention. 

According  to  Tuaubf.  ( Gesam . Abhl , it.,  p.  G”7),  in  consequence  of  the  irritating 
influence  of  fever-producing  causes  upon  the  vaso-motor  system  the  muscular  coat  of 
the  small  and  smallest  arteries  contract  strongly.  The  narrowing  thus  produced 
must  have  two  consequences.  The  amount  of  blood  received  in  a given  time  by 
capillaries  from  the  aortic  system  must  be  diminished,  and  at  the  same  time  the 
blood -pressure  within  them  must  also  fall.  From  the  former  factor  there  results  a 
diminution  in  the  amount  of  O transported  to  the  tissues,  and,  besides,  a moderate 
cooling  of  the  blood  by  conduction  and  radiation  at  the  periphery ; from  the  second 
factor  there  must  follow  a lessened  separation  of  liquor  sanguinis,  that  is  to  say,  of 
the  fluid  which  carries  to  all  the  tissues  the  necessary  elements  of  life,  and  to 
Becreting  apparatuses  the  materials  for  se-  and  excretion.  The  diminished  flow 
of  water  to  the  superficial  layers  of  the  skin  and  to  the  pulmonary  mucous  mem- 
brane, necessarily  leads  to  reduction  of  the  evaporation  from  both  surfaces,  thus 
forming  a second  cause  for  slight  cooling  of  the  body.  The  hypothesis  above  cited 
explains,  according  to  T. , the  diminution  of  the  turgor  of  the  skin  and  subcutaneous 
connective  tissue,  as  well  as  the  difference  in  the  temperature  of  peripheral  parts  of 
the  body  and  of  the  blood,  and  the  sudden  increase  of  body-heat  during  a chill,  the 
tendency  to  dryness  of  the  tongue,  loss  of  appetite,  and  feebleness  of  digestive  power, 
the  composition  and  quantity  of  the  urine,  the  stupor  and  muscular  weakness  of 
those  sick  with  fever  : all  these  are  best  explained  by  the  contraction  of  the  small 
arteries  of  the  affected  parts ; and  the  sweat  of  fever,  the  critical  fall  of  temperature 
by  relaxation  of  this  tetanus.  Two  possible  causes  may  exist  to  cause  the  contrac- 
tion of  the  small  arteries.  The  fever-producing  cause  somehow  acts  in  a paralyzing  way 
upon  the  heart,  and  thus  produces,  by  diminishing  the  flow  of  blood  in  the  arterial  sj  s- 
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tem.  a contraction  of  all  (those  necessary  to  a state  of  chill)  the  superficial  arteries  ; 
or,  by  irritatiou  of  the  vaso- motor  system  it  produces  a contraction  of  the  small  and 
smallest  arteries.  In  opposition  to  the  first  view,  is  the  difference  in  color  which  is 
shown  by  a man  in  a chill  and  one  in  syncope,  and  also,  more  especially,  the  degree 
of  tension  which  the  radial  arteries  show  in  the  period  of  chill ; the  second  assump- 
tion is  the  only  one  which  is  sufficient  to  account  for  the  phenomena  referred  to. 

Senator  also  ( Virch.  ArcJi..  XLV.,  p.  405)  considers  the  retention  of  heat  to  be  a 
process  of  much  importance  in  fever.  “ It  must  be  assumed  that  during  the  con- 
tinued increased  production  of  heat  caused  by  greater  consumption  of  albumen, 
there  occur  from  time  to  time  a moderation  of  the  loss  of  heat,  and  that  by  the  con- 
joint action  of  both  causes  an  equilibrium  of  body-heat  during  large  periods  of  time 
is  produced,  whereby  a certain  average  is  maintained.”  The  limitation  of  loss  of 
heat  cannot  be  sought  for  in  any  other  state  than  that  of  contraction  of  the  con- 
tractile elements  of  the  skin,  especially  of  the  small  and  smallest  arteries,  such  as 
finds  its  highest  expression  in  the  chill-period  ; but  which  may  occur  independently 
of  this,  even  without  the  least  rigor,  and  especially  without  any  sensation  of  a 
changed  condition  of  the  skin.  For  the  reflex  phenomena  presuppose  a certain 
strength  of  irritation  and  a certain  irritability,  which  need  not  always  be  present,  or 
present  to  the  same  degree.  How  osten  the  proper  fever-heat  is  interrupted  by  such 
a process  of  contraction  in  the  skin,  whether  this  takes  place  with  or  without  a cer- 
tain regularity,  and  whether,  possibly,  (he  fluctuations  of  temperature  are  not  de- 
pendent upon  it,  and,  lastly,  whether  the  process  of  contraction  takes  place  equally 
and  simultaneously  in  the  various  blood -circuits  of  the  skin,  are  questions  which 
must  l>e  resolved  in  the  future.  Both  of  the  processes  brought  forward  to  explain 
the  febrile  temperature,  increased  combustion  of  albumen,  and  a periodical  retention 
of  heat,  do  not  necessarily  stand  in  a causal  relation  to  each  other,  but  go  on  simul- 
taneously, and,  in  a certain  sense,  independently  of  one  another,  as  results  of  one  and 
the  same,  or  of  various  causes,  the  peculiar  fever-agent.  The  contraction  of 
arteries  is  not,  or  is  not  only  and  not  always  the  result  of  rapid  increase  in  heat-pro- 
duction, and  of  the  great  difference  in  the  temperature  of  internal  and  external  parts 
thereby  produced,  but  is  the  consequence  of  an  irritation  of  vaso-motor  nerves 
occurring  without  as  well  as  with  tliis  (Traube). 


2.  It  may  well  be  supposed  that,  if  anywhere  in  the  body,  A LOCALITY 
PRODUCES  INCREASED  AMOUNTS  OF  HEAT,  the  SUPERFLUOUS  HEAT  will  bo 

distributed  to  the  rest  OF  the  body  by  means  of  the  circulation,  and 
that  the  temperature  of  the  whole  body  will  thereby  be  raised.  Such  foci, 
inflammatory  or  merely  hyponemic,  are,  however,  only  of  limited  extent, 
a*id  bear  no  proportion  to  the  mass  of  the  body  ; and  they  by  no  means 
produce  so  much  heat  that  the  normal  modes  of  elimination  (sufficient  for 
the  relief  of  the  largest  physiological  production)  cannot  suffice  for  its  dis- 
persion. It  is  also  much  to  be  expected  that  when  the  hotly  is  ill  and  the 
outflow  of  heat  is  insufficient,  something  contributes,  more  or  less,  to  the 
increase  of  the  extra  body-heat  thus  produced.  Furthermore,  against  attri- 
buting the  entire  fever-heat  to  the  operation  of  local  processes,  we  have  the 
facts  that  in  the  most  intense  fever,  <■.</.,  that  of  infectious  diseases,  the 
fever  begins  to  subside  upon  the  appearance  of  local  lesions,  while  in  the 
cases  in  which  it  goes  hand  in  hand  with  the  latter  there  is  observed  on 
the  average  only  a moderate  temperature.  ( 1 7(/c  p.  273-4.) 

3.  Klevation  ot  the  temperature  of  the  whole  body  may  occur  tv  conse- 
quence OF  A GENERAL  INCREASE  OF  NORMAL  PRODUCTION  OF  HEAT,  and  it 
is  such  an  one  as  can  be  indicated  by  increase  in  the  products  of  combustion. 
On  the  one  hand,  this  can  only  in  part  be  the  result  of  increase  of  tempera- 
ture by  other  causes,  inasmuch  as  the  processes  of  decomposition  in  this 
way  demonstrably  go  on  with  abnormal  rapidity ; and,  on  the  other  hand, 
it  is  evident,  that  direct  observation  in  fever-patients  with  reference  to 
this  point  has  afforded  various,  and,  at  least  for  the  present,  partly  contra- 
dictory results,  such  as,  that  the  degree  of  increase  of  products  of  decompo- 
sition does  not  hy  any  means  always  fully  correspond  to  the  degree  of 
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increase  of  body-heat.  It  is,  consequently,  but  little  probable  that  increased 
production  of  heat  is  the  only  cause  of  the  condition  of  the  body-heat  in 
fever.  Apart  from  the  fact  that  the  normal  outflow  of  heat  suffices,  at 
least  for  small  increases  of  heat,  to  prevent  an  increase  in  the  temperature 
ot  the  body,  the  amount  of  diminution  of  the  body-weight  in  fever  hardly 
corresponds  with  the  assumption  of  a destruction  of  bodily  substance  pro- 
portionate  to  the  variations  of  temperature. 

We  are  taught  by  the  observation  of  febrile  diseases  that  the  products  of 
combustion  in  fever,  hand  in  hand  with  the  increase  of  body-heat,  are 
excreted  in  greater  quantities.  As  regards  the  nitrogenous  substances  in 
particular,  this  influence  of  increased  temperature  is  made  evident  by  the 
following  experiments. 


Bartels  (Or  if sw.  mcd.  Beitr .,  III.,  p.  45)  found  that  a sufficiently  prolonged  stay 
in  a space  filled  with  heated  watery  vapor  produced  a fever-like  state ; that  is  to  say, 
an  elevation  of  the  body-heat,  acceleration  of  the  pulse  and  respiration,  with 
increase  of  tissue-metamorphosis,  and  diminution  of  the  weight  of  the  body.  Before 
the  first  bath  (three  being  taken  within  three  successive  days)  the  subject  of  the 
experiment  excreted  a mean  of  21.968  grm.  of  urea,  or  0.4:51(5  gnu.  to  each  kilo,  of 
body-weight;  under  the  influence  of  the  hatha  mean  of  25.770  grm.,  or  0.5  grm. 
per  kilo,  of  body  weight — an  increase  of  1(5','.  In  the  second  period  of  twenty-four 
hours  after  the  last  vapor-bath  the  daily  excretion  of  urea  rose  to  0.(591(5  grm.  per 
kilo.,  agauist  0.3897  grm.  the  day  before;  exceeding  this  consequently  by  77',.  and 
the  average  daily  amount  before  the  beginning  of  the  experiment  by  150;,',  although 
the  febrile  action  causing  increased  metamorphosis  had  previously  ceased.  In  the 
ensuing  three  days  the  amount  excreted  was  on  the  average  24.5  grm.  per  diem , or 
0.4833  grm.  urea  per  kilo  of  body-weight:  only  3,,'  less  than  during  the  operation  of 
the  baths.  B.  explains  this  peculiarity  by  a retention  of  urea  during  the  baths.  Its 
causes  lie  in  diminution  of  the  blood-pressure  in  the  vessels  of  the  kidneys  owing  to 
the  enormous  accumulation  of  blood  in  the  skin  during  the  period  of  stay  in  the 
vapor,  and  during  the  consequent  prolonged  (many  hours)  sweat,  find  to  the  consid- 
erable loss  of  water  by  the  sweating,  the  period  between  two  baths  was  not  sufficient 
to  allow  a full  correction  of  the  impaired  excretory  power  of  the  kidneys  by  absorption 
of  water.  In  consequence  the  amount  of  urine  passed  in  twenty-four  hours  dimin- 
ished from  day  to  day.  and  with  it  the  daily  amount  of  urea,  although,  owing  to  the 
artificially  produced  paroxysms  of  fever,  urea  was  doubtless  formed  in  larger  quantity 
than  usual.  It  was  only  after  the  lapse  of  a certain  time  after  the  last  bath  and  per- 
spiration that  this  disturbance  was  corrected  by  an  increased  excretion  of  uinne  anti 
urea : hence  the  extremely  large  (greater  than  the  proportion  in  health  and  during 
the  vapor  baths)  excretion  in  the  second  day  after  the  last  bath.  It  must  be  borne 
in  mind,  however,  that  it  is  possible  that  a certain  amount  of  urea,  the  ultimate 
product  of  the  burning  of  albumen,  may  be  carried  away  with  the  abundant  per- 
spiration, and  that  probably  the  increase  of  tissue-metamorphosis  caused  by  the 
artificial  increase  of  temperature  is  even  greater  than  what  is  shown  by  direct 
observation. 

Naunyn  (Arch.  f.  Anat.,  etc. , 1870,  p.  159)  made  a similar  experiment  on  a dog. 
By  regular  feeding  he  brought  the  animal  up  to  a certain  weight  and  kept  it  in 
equilibrium  of  nutrition,  so  that  with  a regular  amount  of  urine  the  excretion  of 
urea  was  quite  uniform.  He  then  increased  the  animals  body-heat  to  42.5°  C.  for 
three  hours,  by  placing  it  in  a vapor- bath  at  35 3 C.;  the  temperature  of  the  body 
returning  to  the  normal  in  the  course  of  one  hour  afterward.  In  consequence  of 
this  artificially  produced  retention  of  heat,  there  resulted  a very  marked  (even  to 
almost  one-half)  increase  of  urea. 

According  to  Senator  ( Fieberhft . Proem.,  p.  175),  it  must  not  be  concluded  from 
these  experiments  that  with  increase  of  body-heat  the  processes  of  combustion  con- 
tinue to  become  more  active.  The  organism,”  he  says,  “is  not  an  oven,  but,  if  such 
a comparison  can  be  made,  a machine,  which  works  regularly  only  under  certain 
exact  conditions,  and  possesses,  besides,  the  power  of  bearing  without  injury  modi- 
fications of  these  conditions  within  somewhat  restricted  limits,  and  of  correcting  dis- 
orders. Among  these  conditions  is  a fixed  temperature  ; an  increase  or  decrease  of 
this  does  not  simply  produce  an  increse  or  reduction  of  tissue-metamorphosis,  tut 
causes  disorders,  and  produces  morbid  processes.”  Increase  of  body-heat  produces 
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not  simply  quantitative,  but  also  qualitative  variations  in  metamorphosis,  which  at 
the  present  time  are  not  fully  understood. 

The  question  is  now  to  be  considered,  whether  the  increased  consump- 
tion of  fever  causes  the  increased  metamorphosis,  or  whether,  on  the  coit- 
trary,  the  fever  is  produced  by  this  increased  tissue-change.  Both  are 
imaginable.  Even  a priori  it  is  probable  that  the  febrile  increase  of  body- 
heat  is  attended  bv  increased  combustion  of  the  tissues  of  the  body.  This 
cun,  however,  be  demonstrated  experimentally  in  a satisfactory  way. 

Naenyn  {Berl.  kl.  Worhen. , 1809,  No.  4'  allowed  a dog,  which  had  been  brought  to 
a state  of  equipoised  nutrition,  to  fast  for  two  days ; and  observed  that  in  this  period 
with  a temperature  of  88'-38.5°  C.  it  excreted  0.2s  grin . of  urea  per  hour.  The 
animal  was  then  made  to  re  acquire  exactly  its  original  weight,  and  was  again  mado 
to  fast  for  two  days,  previous  to  which  time  filtered  putrid  muscular  juice  had  been 
injected  subcutaneously,  so  that  it  was  rendered  feverish.  In  this  condition  the 
dog  separated  0.42  grm.  of  urea  per  hour;  and  at  the  same  time  the  amount  of 
urine  i equal  amount  of  drink)  was  decidedly  increased,  once  from  180  C.  cent,  to  280 
<J.  cent.  Several  other  experiments  gave  similar  results. 

Under  certain  conditions,  however,  the  increased  combustion  of  the 
tissues  may  itself  become  a cause  of  more,  or  of  longer-continued  increase 
of  body-heat.  If  we  assume  that  a given  rise  in  temperature  (produced, 
for  example,  by  retention  of  heat)  has  taken  place  in  the  organism  in  a 
certain  time,  there  may  lie  in  this,  under  the  admission  of  a disorder  of  the 
normal  attempt  at  equalization  between  the  production  of  heat  and  its 
giving  off,  a cause  of  a lasting  elevation,  until  this  disorder  shall  have  been 
remedied,  and  the  surplus  heat  shall  have  been  removed  by  increased  giving 
off. 

Naenyn  (Arch.  f.  Anat.,eU.,  1870,  p.  159)  produced  fever  in  dogs  by  means  of  sub- 
cutaneous injections  of  muscular  ichor.  Immediately  nfter  the  injections  and  before 
any  rise  of  temperature,  the  excretion  of  urea  appeared  decidedly  and  uniformly  in- 
creased. and  remained  so,  ns  was  to  have  been  expected,  during  the  remainder  of  the 
fever.  If  such  an  increased  excretion  were  the  consequence  of  elevation  of  tempera- 
ture, it  would  not  have  made  its  appearance  first;  its  early  occurrence  destroys  (at 
least  in  the  kind  of  fever  referred  to)  the  argument  that  increased  consumption  of 
tissues  at  the  beginning  of  a febrile  disease  may  precede  the  increase  of  body-heat, 
and  that  the  fever-producing  agent  may  directly  cause  increased  tissue-metamorpho- 
sis, or  a “ latent  fever.”  It  is  possible  that  in  these  cases  the  late-appearing  fever 
may  be  only  the  result  of  retention  of  heat  caused  by  increased  metamorphosis. 

Naturally,  this  interesting  experiment  by  no  means  excludes  the  possi- 
bility that  the  increased  consumption  of  bodily  substance,  which  occurs 
later  during  the  height  of  the  fever,  is  not  in  greater  or  lesser  degree  only 
the  result  of  the  increased  body-heat  which  is  present.  This  points  to  the 
necessity  of  discussing  the  question,  what  is  the  proper  relation  between 
METAM  ORTHOSIS  and  INCREASE  OF  TEMPER  ATE  RE  in  fever. 

There  are  two  conilictiug  opinions  on  this  point.  The  majority  of  ob- 
servers conclude  at  once  from  the  increased  excretion  of  products  of  meta- 
morphosis during  the  febrile  state,  to  an  increased  production  of  the  same 
during  the  same  period,  and,  since  with  increase  in  the  processes  of  com- 
bustion there  must  be  more  heat  set  free,  to  an  increased  production  of 
heat.  According  to  the  other  opinion,  such  a conclusion  is  by  no  means 
allowable.  The  various  excretions  of  the  body  are  not  given  off  in  an 
uniform  manner  in  fever;  the  excretion  of  urea  is  increased  in  a different 
way  from  the  insensible  exhalations,  etc.  Of  this  there  are  two  explana- 
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tions  : cither  all  the  products  of  decomposition  do  not  increase  in  the  same 
ratio,  some  of  them  more,  others  less  or  not  at  all,  or  excretion  does  not 
exactly  correspond  to  production,  a part  of  the  excretory  substance  is  re- 
tained  for  a time,  while  another  is  expelled  in  a relatively  quicker  way. 
in  the  latter  case  the  facilities  of  the  febrile  body  for  the  excretion  of  pro- 
ducts of  decomposition  must  be  different  from  those  operating  in  the.  normal 
state,  in  which,  generally  speaking,  there  exists  an  equilibrium  between 
production  and  excretion,  for  the  body  usually  has  the  power,  within  cer- 
tain limits,  of  keeping  the  products  of  decomposition  at  a constant  quantity. 
If  this,  however,  actually  occurs  in  fever,  no  conclusion  can  be  drawn  from 
the  state  of  the  excretions  alone  to  the  amount  of  production  in  the  body ; 
at  least,  without  simultaneous  consideration  of  those  alterations  which 
affect  the  existing  and  considerable  accumulation  of  products  of  metamor- 
phosis. 


According  to  Senator  ( Fiehsrhft . Process,  p.  65),  who  has  advanced  the  latter 
hypothesis,  it  hail  been  previously  overlooked  that  the  body  may  under  various  con- 
ditions, according  to  changing  amounts  of  excretions,  become  poorer  or  richer  in 
substances,  and  that  without  increase  or  decrease  of  metamorphosis ; and  that  increased 
excretion  may  very  well  coincide  with  decreased  production,  and  rice  verm.  Further- 
more, there  may.  at  one  and  the  same  time,  occur  increased  excretion  of  substances 
and  surplus  of  them  in  the  body,  even  without  increased  production,  if  previously 
there  have  been  abnormally  small  excretion  or  abnormal  retention  of  substances. 
From  this  it  follows  that  it  is  indispensable  to  investigate  not  merely  the  excretions, 
hut.  at  the  same  time,  the  accumulation  of  products  of  decomposition  from  the  begin- 
ning of  the  morbid  action  (or  of  the  fever)  until  its  complete  cessation,  or  to  the 
restoration  of  normal  conditions,  if  we  would  have  a clear  insight  into  the  relations 
between  tissue-metamorphosis  and  fever.  Taking  into  consideration  these  conditions 
and  the  results  which  he  obtained  in  his  experiments  upon  purulent  fever  in  dogs,  S. 
forms  the  theory  (explained  at  p.  6613),  the  fundamental  thought  of  which  is  that 
during  the  fever  important  variations  of  temperature,  both  above  and  below  the 
normal,  may  take  place.  (There  is  nothing  strange  in  S.’s  opinion,  if  we  reflect  that 
similar  variations  take  place  in  the  healthy  state  under  the  influence  of  the  change 
from  the  stato  of  digestion  to  that  of  fasting,  or  are  caused  by  work  and  rest,  and, 
especially,  if  we  keep  in  mind  the  greatly  increased  variability  of  body-heat  (as  com- 
pared with  the  normal  state)  under  obvious  and  various  losses  of  heat,  and  its  great 
mobility  under  external  influences.)  Continuing  his  researches  on  tissue-metamor- 
phosis in  fever,  S.  (1.  c..  p.  88)  formulates  the  law  that  in  so  far  as  conclusions  can  be 
drawn  from  the  products  of  decomposition  to  the  processes  of  metamorphosis,  it  may 
be  stated  that  the  intensity  of  these  processes  diminishes  more  and  more  in  the  course 
of  fever,  whereas  a corresponding  diminution  in  animal  heat  is  not  demonstrable,  and 
that  in  fever,  heat  must  be  developed  also  from  other  processes  than  thoso  which  serve 
to  produce  carbonic  acid  and  urea.  S.  refers  to  the  use  of  the  tension-force  stored  up 
in  the  organism  for  exercise,  as  well  as  to  unknown  processes  connected  with  the  for- 
mation of  water  without  oxidation  ( by  synthesis  and  dehydration).  At  ai,l  events, 
IT  HAS  NOT  AS  YET  BEEN  POSSIBLE  TO  DEMONSTRATE  AN  EXACT  RELATION  BE- 
TWEEN ANIMAL  HEAT  AND  TISSUE-METAMORI’IIOSIS. 

It  has  been  supposed  that  the  question  whether  the  production  of  heat 
was  increased  in  lever,  if  so  to  what  degree,  or  whether  a retention  of  heat 
was  the  sole  cause  of  febrile  temperature,  could  be  resolved  by  the  calori- 
metric measurement  of  the  amount  of  heat  given  off  outwardly,  if  this  be 
increased,  regularly  so,  and  in  a manner  free  from  possible  errors,  then 
more  heat  must  have  been  produced.  In  this  connection  the  following  ob- 
servations arc  noteworthy. 

Liebermetster  {Aus  dsr  med.  Klin,  en  Pixel,  1868)  finds  that  in  baths  of  20-  to 
almost  :36°  G.  the  loss  of  heat  occurring  from  fever-patients  is  greater  than  that  from 
healthy  persons.  For  example,  a patient  weighing  only  39  kilos,  loses  in  a bath  at 
28°  C.  more  heat  than  a healthy  individual,  weighiug  62  kilos  , in  a bath  of  22.5 J G.  ; 
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and  the  same  patient,  weighing  38  kilos.,  loses  in  a bath  at  84.3"  C.  more  heat  than  a 
healthy  person,  weighing  58  kilos.,  in  a bath  at  83.0“  C.  In  this  way  that  which, 
according  to  L.,  might  have  been  a priori  asserted  (1.  c.,  p.  126)  is  completely  verified 
by  calorimetric  experiments.  The  conditions  of  production  of  heat  are  similar,  accord- 
ing to  L.  In  a warm  bath  the  heat-production  of  a healthy  person  approximates  the 
normal  average  production  ; in  a bath  at  33-9  C.  it  is  a little  greater,  in  one  at  35.8° 
C.  a little  less.  The  fever- patient,  on  the  contrary,  exhibits  in  a bath  at  34.3 J <J.  or 
84.5  < a production  of  heat  decidedly  greater  than  the  normal  average,  amounting 
to  about  one  and  a half  times  as  much.  It  thus  appears  that  fever-patients,  even 
when  placed  in  conditions  as  near  to  the  normal  state  as  possible,  produce  much  more 
heat  than  healthy  persons.  Therefore,  according  to  L. , a direct  proof  is  obtained  (at 
least  in  the  case  of  the  warm  bath)  that  crier ie  part  bn*  more  heat  is  produced  in  the 
febrile  state  than  in  health  (1.  c.,  p.  128).  During  severe  chills,  with  simultaneous 
diminution  of  loss  of  heat  through  external  parts  by  contraction  of  bloodvessels  and 
dryness  of  the  skin,  the  production  of  heat  may  be  increased  three-fold,  and  an  exact 
measurement  shows  that  a fever- patient,  having  a temperature  of  more  than  -10  0. , 
usually  produces  20-25  per  cent,  more  heat  than  a healthy  person  whose  body-heat  is 
87  C.  ' VoUcmnun'*  Sitrnml.  Alin.  Vortrdge.  No.  19.)  According  to  L.  .the  produc- 
tion of  00,  is  increased  in  the  same  proportion  during  the  chill  as  well  its  during  the 
height  of  the  fever.  Leyden  remarks  with  respect  to  Ll k he  u m ei  8TK  n’s  method 
(according  to  which  the  patient  Is  immersed  in  the  bath  and  the  exhalation  of  heat  is 
measured  in  the  water),  that  it  must  not  be  overlooked  that  the  conditions  of  exhala- 
tion of  beat  in  fever  are  much  altered  if  the  body  is  placed  in  water;  and  that  then 
evaporation  through  the  skin,  which  is  such  an  important  source  of  variations  in 
exhalation  of  heat,  is  entirely  wanting. 

The  method  employed  by  IIvttwk  u in  working  out  the  elements  of  the  thesis 
which  he  wrote  under  the  guidance  of  Navnyn,  much  resembles  Lieiiekmkister'h 
procedure.  H.  found  that  the  loss  of  heat  was  much  increased,  relatively  to  the 
normal,  in  every  stage  of  fever.  This  is  opposed  to  the  view  that  a diminution  of 
the  loss  of  heat  is  the  cause  of  the  febrile  rise  of  temperature. 

Leyden  (1).  Arch.  f.  k.  Mai.,  V..  p.  273)  laid  the  leg  of  the  person  to  be  observed, 
still  covered  with  the  bed-clothes,  in  his  calorimeter  after  its  water  bad  Iteen  brought 
to  the  temperature  of  the  room.  The  leg  lay  therein  under  wholly  normal  conditions  ; 
perspiration  was  m no  wise  diminished  or  increased.  Each  experiment  lasted  about 
two  hours.  The  amounts  obtained  were  then  calculated  for  the  whole  body  in  accord- 
ance with  Fvsrk’s  relative  estimate  of  the  leg  and  body  (149  inches  to  2,254). 
L.  came  to  the  following  conclusions : the  exhalation  of  heat  is  increased  in  fever,  as 
well  with  constant  as  with  rising  (not  much  in  the  chilly  stage,  according  to  a few 
observations)  or  falling  teui)*eratures ; and.  consequently,  there  undoubtedly  is  in- 
creased production  of  heat.  In  the  highest  fever  the  loss  of  heat  amounts  to  once  and 
a half  or  twice  the  normal  value  ; it  is  by  far  the  greatest  in  the  critical  period,  then, 
with  a rapidly  declining  temj>erature,  amounting  to  twice  or  thrice  the  normal  value; 
in  the  epicritic  stage  it  falls  below  the  normal.  The  gross  amount  of  loss  of  heat 
may  lie  very  different  with  the  same  temperature  of  the  blood,  and  it  is  probable  that 
the  production  of  heat  fluctuates  in  the  same  way.  At  any  rate,  it  is  only  with  great 
caution  that  we  can  infer  from  the  amount  of  loss  of  heat  to  the  amount  of  produc- 
tion of  he.it.  The  condition  of  the  proper  body-heat  must  be  taken  into  considera- 
tion : if  this  rises  the  production  is  greater  than  the  exhalation,  if  it  diminishes  the 
latter  preponderates. 

According  to  these  authors,  the  loss  of  heat  in  fever  is  much  too  great  to  allow  us 
to  consider  it  solely  as  a consequence  of  the  fever  ; it  can  only  lie  the  increased  com- 
bustion of  nitrogenous  ingredients  of  the  body,  estimated  by  the  amount  of  nitrogen 
excreted  with  the  urine,  that  can  comjiensate  the  relatively  large  losses  of  heat,  and, 
besides,  suffice  to  increase  the  body-heat  at  the  same  time.  Therefore  they  ( Likbkh- 
MElSTEKi  conjecture  or  assume  that  there  is  also  an  increased  decomposition  of  the 
noil-nitrogenous  ingredients,  and  refer  the  increased  body-heat  in  fever,  at  least  in 
par:,  to  a superfluous  production  of  heat  brought  about  in  this  way. 

In  opposition  to  the  conclusions  drawn  from  the  investigations  above 
referred  to,  in  so  far  as  they  are  carried  out  according  to  the  method 
described,  what  lias  been  already  expressed  concerning  the  influence  of 
abstraction  of  heat  upon  the  healthy  organism  may  be  adduced. 


According  to  Senator,  even  the  greatest  possible  amount  of  metamorphosis  and 
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production  of  heat  cannot  by  itself  produce  a rise  of  temperature  comparable  to  that 
of  fever,  if  the  giving  oiE  of  heat  is  not  at  the  same  time  limited  ( Virchow's  Arc, hit, 
NL\  I.,  p.  509).  He  combats,  in  the  most  positive  manner,  the  assertion  that  from 
the  increased  separation  of  heat  we  must  conclude  to  increased  production  by  increased 
formation  of  carbonic  acid.  It  is  only  the  decomposition  of  nitrogenous  bodies  that 
is  abnormally  increased  in  fever  (on  the  average  two  and  a half  to  three-fold) ; whereas 
non-nitrogenous  substances  do  not  undergo  any  greater  combustion  than  in  the  non- 
febrile  state  of  inanition.  The  product  of  their  decomposition,  viz.,  carbonic  acid,  is 
not  to  be  found  in  greater  quantity  in  the  body,  which  should  surely  be  the  case  if, 
as  is  claimed,  the  production  of  heat  is  increased  several  fold.  In  such  a case  dyspnoea 
at  least  should  appear,  especially  in  the  cold  bath,  by  which,  according  to  Lieher- 
MEISTER,  a still  greater  production  of  heat  would  be  caused  ; while  the  fact  is  that 
the  bath  reduces  the  frequency  of  respiration. 

Senator  admits,  as  demonstrated,  only  a few  isolated  facts  which  Lteher- 
metster  in  particular  advances  as  in  favor  of  a decided  increase  of  production  of 
heat.  Among  these  is  the  increase  of  body-heat  during  a paroxysm  of  intermittent 
fever ; and  it  is  probable  that  something  similar  occurs  iu  sudden  increase  of  tem- 
perature due  to  other  causes. 

Likrermkistkr  and  Immekmann  have  estimated  (Prof/.  Vierteljahwchr ., 
LXXXV.,  p.  59)  that  during  the  period  of  chill  much  more  heat  is  accumulated  than 
a healthy  person  could  produce  in  the  same  length  of  time,  on  the  average.  For 
example,  in  a patient  weighing  57.5  kilos,  the  rectal  temperature  increases  by  2.51 J 
C.  iu  thirty  minutes,  which  is  equivalent  (the  heat-capacity  of  the  body  being 
reckoned  at  0.85)  to  an  accumulation  of  110.2  kilo-calorics,  and  presupposes  that 
every  part  of  the  body  has  become  as  much  warmer  as  the  rectum  has.  However, 
since  a healthy  person  of  the  same  weight  produces  only  about  45  kilo-calorics  in  the 
same  length  of  time,  it  is  not  possible  that  the  above  accumulation  of  heat  should 
be  owing  to  a diminution  of  the  giving  off  of  heat,  or  at  any  rate  not  exclusively  to  it, 
but  there  must  have  occurred  an  increased  production  of  heat.  L.  reckons  this  pro- 
duction as  at  least  thrice  the  normal  amount,  since  some  quantities  of  heat  which 
we  cannot  as  yet  estimate  must  have  been  lost  from  the  skin  and  lungs  during  the 
time  of  observation.  Now  it  is  certainly  questionable,  whether  the  temperature  of 
the  peripheral  parts  has  increased  by  2.51°  C.  during  the  thirty  minutes,  and, 
further,  whether  the  amount  of  normal  production  or  the  heat-capacity  has  truly 
increased ; the  increase  of  the  amount  of  heat  invariably  remains  so  large  that  S. 
willingly  allows  that  the  above  observations  demonstrate  an  increased  production  of 
heat,  at  least  in  the  chill-period  of  intermittent  fever.  All  other  arguments  he  does 
not  consider  convincing.  ( Virchow's  Arch.,  XLV. , p.  584.) 

From  more  recent  researches  on  dogs  S.  draws  the  following  conclusions.  In  the 
waking  state  under  ordinary  quiet  conditions,  the  influence  of  digestion  being  ex- 
cluded (S.  had  already  found  ( Virch.  Archie,  XLV.,  p.  578)  in  this  connection  that  in 
favorable  cases  the  amount  of  heat  produced  in  the  fasting  state  was  to  that  produced 
in  over-feeding  as  100  is  to  157),  the  production  and  giving  olf  of  heat  fluctuate 
within  tolerably  narrow  limits.  During  prolonged  fasting  the  production  of  heat  and 
the  excretion  of  CO*  slowly  decrease.  During  digestion  both  slowly  increase,  although 
the  increase  of  heat-production  is  greater  than  that  of  excretion  of  COj.  During 
refrigeration  of  the  surface,  by  means  of  which  the  loss  of  heat  is  rendered  abnor- 
mally great,  the  production  of  heat  is  demonstrably  not  increased,  although,  on  the 
contrary,  the  separation  of  COj  is  decidedly  greater ; this  latter  may  also  increase 
without  the  intervention  of  mechanical  labor.  In  the  early  stage  (one-half  to  two 
hours)  of  a febrile  condition  artificially  produced  by  the  subcutaneous  injection  of 
pus  or  of  purulent  expectoration,  neither  the  giving  off  of  heat  nor  that  of  CO.,  is 
increased  in  a noteworthy  degree ; at  the  height  of  such  a fever  (with  a rectal  tem- 
perature of  40  -41  C.)  the  separation  of  heat  and  CO 2 is  occasionally  slightly  in- 
creased, though  often  comparatively  very  little  above  the  normal.  There  is  no 
proportion  between  the  changes  in  both  heat  and  COj.  The  increased  excretion  of 
CO..,  in  fever  when  present,  always  falls  short  of  the  invariable  increase  of  excretion 
of  urea.  If  we  calculate,  from  the  amounts  of  urea  and  CO.  which  are  excreted, 
the  quantity  of  decomposed  albumen  and  fat,  we  find  that  during  a day  of  fever 
(under  favorable  circumstances)  even  less  fat  is  burned  than  during  a day  of  fasting. 
(Med.  Centrlbl .,  1871,  No.  47  et48.) 

A mode  of  estimating  the  production  of  heat  which  is  more  certain  than 
the  calorimetric  method,  consists  in  the  comparison  of  the  metamorphosis 
of  tissue  and  the  loss  of  weight  of  a body  at  one  time  in  a febrile,  and  at 


STATE  OF  MUSCLES  IN  FEVER. 


GG9 


another  timo  in  a non-febrile  condition — such  as  hunger.  It  is  true  that 
it  is  difficult  to  make  such  experiments  upon  one  and  the  same  man,  yet  it 
is  possible,  by  the  comparison  of  the  average  losses  of  hungry’  non-feverish 
men  with  those  of  feverish  individuals,  to  leant  that  in  both  the  loss  of 
weight  is  about  in  equal  proportions,  though  perhaps  a little  greater  in  the 
former;  and  we  may  therefore  conclude  that  for  the  production  of  febrile 
heat  no  more  body -constituents  are  consumed  than  under  usual  condi- 
tions. 

Senator  ( Virchow's  Arch. , XLV.,  p.  388)  attempted  to  show  directly  that  the 
production  of  heat  in  fever  cannot  be  much  increased.  He  fed  dogs  until  they  were 
in  equilibrium  of  nitrogen  receipt  and  loss,  allowed  them  to  fast  for  two  days,  and 
each  day  measured  their  weight  and  their  excretion  of  urea.  After  they  had 
recovered  from  this  disturbance  and  regained  their  original  weight  he  made  them 
feverish  by  means  of  hypodermic  injections  of  pus,  and  carried  out  measurements 
as  before ; comparing  the  variations  in  the  excretion  of  urea  and  those  of  body- 
weight  in  the  periods  of  hanger  and  of  fever.  Any  difference  observed  under  these 
circumstances  must  be  the  result  of  the  febrile  process  alone.  There  were  noted 
first  an  increase  in  the  amount  of  urea  excreted , and  also  a small  and  relatively 
smaller  increase  of  consumption.  This  smaller  increase  of  tissue-consumption  in 
fever  as  compared  with  what  occurs  in  the  fasting  state,  S.,  judging  by  results  ob- 
tained by  himself,  considers  as  quite  compensated  by  the  increased  excretion  of  the 
products  of  combustion  of  albumen,  by  the  increased  loss  of  water ; while  the  non- 
nitrogeuous  substances  are  not,  according  to  him,  liable  to  greater  combustion  than 
in  the  non-febrile  state  of  inanition. 

Consequently  it  can  only  be  slated  in  a general  way  that  the  production 
of  heat  in  fever  is  on  the  whole  increased.  Opinions  differ  as  to  the 
amount  of  increase,  and  it  is  presumably  only  moderate.  The  correctness 
of  this  supposition  seems  to  be  justified  by  the  small,  evyn  to  a certain 
extent  doubtful  increase  of  the  consumption  in  fever  as  compared  with 
that  in  the  fasting  state.  Especially  is  it  doubtful  whether  the  noil-nitro- 
genous substances  take  much  part  in  this  increase;  it  is  most  probable  that 
the  increased  excretion  of  COf  observed  under  special  conditions  may  be 
explained  by  something  else  besides  its  simultaneously  increased  formation. 
The  increased  excretion  of  nitrogen  in  fever  only  indicates  a greater  com- 
bustion of  albumen,  which,  compared  with  the  fat.,  of  which  according  to 
rule  much  larger  quantities  are  decomposed,  can  cause  but  a small  increase 
of  heat.  It  is  not  possible  to  decide  whether  this  increase  is  primary  or 
secondary,  produced  only  by  the  heightened  temperature  of  the  blood. 

A most  important  tissue  as  regards  the  amount  of  decomposition  of  albumen  is  the 
MUSCULAR  tissue.  Clinical  observations  show  that  in  the  majority  of  cases  fever  is 
accompanied  by  strongly -marked  muscular  weakness  throughout  the  body,  and  not 
rarely  also  by  painful  sensations  in  the  muscles  (os  in  relapsing  fever).  Patients 
Convalescing  from  fever  remain  a long  time  unfit  for  severe  muscular  action,  and 
often  this  muscular  weakness  is  disproportionate  to  the  general  exhaustion.  We  owe 
to  anatomical  investigation  the  demonstration  of  very  important  alterations  in  the 
muscles  in  fever,  and  in  morbid  processes  which  affect  the  nutrition  of  the  tissue  in 
a similar  manner  (inanition,  acute  anamlia.  poisoning)  ; and  by  chemical  studies  wo 
have  learned  that  there  occurs  in  fever  an  increased  excretion  of  creatinin  and  alka- 
line salts  with  the  urine  (SALKOW8KI,  Virch.  Arch. , L1II..  p.  209),  derived  in  all 
probability  from  the  muscular  tissue,  which  is  normally  very  rich  in  these  substances. 
Besides,  direct  chemical  anah'sis  is  in  favor  of  the  view  that  muscles  participate  in 
the  febrile  process.  According  to  ManasskiN  ( Virch.  Arch.,  LVL,  p.  221)),  the  maxi- 
mum amount  of  alcoholic  and  watery  extractive  matters  to  be  found  in  the  muscles 
of  feverish  animals  is  less  than  the  minimum  of  those  in  the  muscles  of  animals  free 
from  fever;  and,  also,  the  amount  of  alcoholic  extractives  in  the  muscle  of  fever- 
ish animals  is  relatively  increased,  compared  with  the  watery  extractives  (lactic  acid? 
creatinin ';) ; lastly,  the  proportion  of  nitrogen  is  increased  in  the  alcoholic  extract- 
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ives,  and  is  not  changed  in  the  watery  extractives.  If  the  facts  thus  directly  indi- 
cate uu  influence  of  fever  on  muscle,  such  an  influence  is  made  highly  probable  by 
a consideration  of  the  mass  and  significance  of  muscles.  Muscles  constitute  fully 
one-half  of  the  weight  of  the  body;  one-third  of  the  blood  not  contained  in  the 
heart  and  bloodvessels  is  in  the  muscular  tissue ; circulation  and  metamorphosis  are 
much  more  active  in  them  than  in  many  other  parts  of  the  body.  It  is  thus  easy  to 
understand  why  interruption  of  muscular  activity  (by  curare,  compression  of  the 
aorta)  produces  a marked  diminution  of  body-heat,  and  that  direct  measurement 
has  shown  that,  as  in  feverish  animals,  the  temperature  of  the  muscles  exceeds  that 
of  the  blood  in  the  left  side  of  the  heart,  whereas  the  contrary  condition  exists  in 
health  (Hicidkniiain,  Arch.  f.  d.  gc*.  Phyft. , III.,  p.  502). — Consult  .Man  ass  kin,  1.  c. 

R 'ihuio  and  ZUNTZ  (Arch.  f.  d.  gen.  Phys. , IV.,  p.  80)  also  insist  upon  the  great 
importance  of  metamorphosis  in  muscles  for  the  regulation  of  heat ; they  think  it 
probable  that  the  regulation  of  heat  is  in  the  first  place  controlled  by  constant 
weak  rellex  excitations  of  the  motor  nerves,  which  vary  with  the  differences  of  tem- 
perature in  the  animal  body  and  its  surroundings.  They  consequently  reject  the 
current  opinion  (based  on  the  fact  that  body-heat  is  greatest  in  the  abdominal  cavity) 
that  the  true  source  of  animal  heat  is  to  be  sought  in  this  cavity.  Especially  should 
we  not  draw  too  hasty  conclusions  from  the  fact  that  the  blood  of  the  hepatic  veins 
is  so  very  warm.  Whereas  the  heated  blood  issued  from  the  muscles  becomes  mingled 
in  the  peripheral  organs  generally  with  the  much  cooled  blood  of  the  cutaneous  ves- 
sels, the  blood  of  the  unstriped  muscles  and  of  the  glands  of  the  intestinal  tract  is 
collected  without  cooling  in  the  least  by  the  branches  of  the  portal  vein.  This 
already  heated  blood  next  passes  through  the  liver — an  organ  so  completely  pro- 
tected against  refrigeration  ; and  thus  naturally  the  least  increase  of  heat  produced 
by  processes  of  oxidation  in  the  glands  suffices  to  elevate  the  blood  of  the  hepatic 
veins  and  the  liver  itself  to  the  highest  possible  degree  of  temperature. 


4.  In  some  few  cases,  especially  those  in  which  the  question  of  the  origin 
of  hyperpvretic  temperatures  presents  itself,  an  increased  production  of 
heat  may  occur  as  the  result  of  processes  more  or  less  foreign  to  healthy 
life,  and  which*  give  rise  to  so  much  heat  that  the  channels  by  means  of 
which  heat  is  lost  are  unable  to  equalize  the  temperature ; and  this  is  more 
especially  the  case  if  those  channels  be  in  an  abnormal  condition.  Thus 
in  conditions  of  long- continued  cramps  and  muscular  contractions,  in  fer- 
mentative processes,  as  well  sis  perhaps  in  the  febrile  state  produced  by  the 
transfusion  of  the  blood  of  fever,  or  the  introduction  of  products  of  inflam- 
mation or  of  decomposition  of  tissues  into  the  organism,  in  abnormal 
activity  of  the  vaso-motor  nerves,  or  particularly  paralysis  of  one  of  the 
central  organs  which  moderate  the  body-heat. 

Continuous  muscular  contractions  of  long  duration,  as  for  example, 
in  severe  attacks  of  epilepsy  and  tetanus,  as  well  as  extreme  muscular 
exertion  in  general,  may,  especially  in  irritable  and  sensitive  persons,  con- 
valescents, and  others,  decidedly  increase  the  heat  of  the  body.  As  a rule, 
this  disorder  is  corrected  in  a very  short  time,  as  soon  as  the  cause  ceases  to 
act  (when,  for  example,  the  tonic  contraction  is  over),  because  the  channels 
of  escape  for  heat  are  normal  and  suffice  for  any  but  an  excessive  produc- 
tion. With  an  abundant  escape  of  heat  no  rise  of  temperature  may  show 
itself;  at  least  we  often  enough  witness  severe  and  prolonged  muscular 
contractions  produce  no  increase  of  body-heat,  or  only  a slight  and  tem- 
porary increase  of  it.  There  is  sometimes  a moderate  persistent  fever  in 
diseases  characterized  by  tonic  muscular  contractions,  although  it  is  not  to 
be  assumed  that  these  are  the  direct  cause  of  the  increased  temperature. 
If  death  occurs  during  severe  tonic  spasms,  or  with  a high  temperature 
shortly  after  their  cessation,  then  death  is  not  brought  about  so  much  by 
the  stagnation  of  the  superabundant  heat  produced  in  peripheral  parts  (the 
muscles),  as  by  a paralysis  of  certain  parts  of  the  central  nervous  system, 
which  exert  a most  important  influence  upon  the  animal  heat  {vide  infra). 
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GCntz  (Liang.  Dhs.,  Leipzig.  1862;  AUg.  ZUchr.  f.  Pm/ch. , XXV..  p.  165).  after 
experiments  upon  animals  and  man.  reaches  the  following  conclusions  respecting  tha 
conditions  of  the  temperature  in  the  tonic  spasms  of  tetanus.  A single  attack  of 
spasm  may  occur  without  any  change  appreciable  to  the  thermometer:  the  only 
consequence  is  a lowering  of  temperature  without  subsequent  rise.  After  this  fall, 
the  mercury  remains  for  a while  at  the  same  level,  then  rises  either  not  quite  up  to 
its  previous  height  or  quite  up  to  it.  After  the  primary  fall  there  may  occur  au 
immediate  rise  in  a variety  of  ways.  This  re-ascent  of  temperature  takes  place  in 
fully  one-third  of  the  cases  (37)  even  in  the  first  minute,  more  often  in  the  third 
minute  or  later.  The  least  amount  of  variation  of  terajK-rature  coincides  with  the 
least  degree  of  spasm,  and  the  most  considerable  rise  of  temperature  with  the  most 
severe  spasm.  It  is  impossible  to  say  u|K>u  wtiat  depends  the  regular  fall  of  tem- 
perature which  takes  place  just  before  or  during  the  spasms. 

Leyden  has  also  attempted  to  investigate,  by  means  of  experiments  on  rabbits 
and  dogs,  what  share  the  abnormally  increased  muscnlar  action  had  in  the  unusually 
great  increase  of  temperature  observed  in  fatal  tetanus  (WrNDEULU'H  cited  at 
p.  025).  The  animals  were  tetanized  to  exhaustion  by  means  of  broken  electrical 
currents ; the  electrodes  l>eing  inserted  under  the  skin  of  the  back.  There  was  fouud 
a rise  of  only  1 0.  in  rabbits,  of  5'  C.  in  dogs  ( Yirrh.  A rr/i..  XXVI.,  p 538). 

BiLT.ROTii  and  Fick  ( Vjnchr.  d.  Xatrfrrk.  Gt*.  zu  Zurifh,  1863.  VIII..  p.  427) 
experimented  in  the  same  way.  They  observed  in  dogs  a rise  of  fully  5 C.  They 
also  determined  the  existence  of  a fall  of  temjatrature  introducing  the  attack  of 
spasm,  in  the  rectum;  a thermometer  introduced  between  the  muscles  of  the  pos- 
terior part  of  the  thigh  showed,  during  the  intervals  of  rest,  a greater  fall  of  tem- 
perature than  that  indicated  in  the  rectum,  and  showed  a quicker  rise  during  the 
attacks.  In  general,  the  maximum  of  temperature  appears  later  iu  the  rectum  than 
in  the  muscle,  if  the  tetanus  be  interrupted  : this  being  explained  by  the  fact  that 
at  the  close  of  the  tetanus  the  muscles  are  warmer  than  the  other  tissues,  and  that 
then  the  rectal  temperature  rises  by  equalization  of  the  body-heat.  Iu  the  same  man- 
ner a partial  explanation  of  the  j mortem  temperature  may  be  made.  Billroth 
(Arrh.  f.  /diu.  Chir.,  XIII.,  p.  614)  made  the  supplementary  observation,  that  the  rise 
observed  in  the  thermometer  during  attacks  of  spasm  (the  instrument  being  in  the 
muscles)  is  not  caused  or  modified  bv  compression  of  the  mercurial  bull*,  bat  expresses 
a true  increase  of  temperature.  lie  furthermore  observed  that  a tetanus  localized  in 
the  right  leg  was  sufficient  to  raise  the  temperature  of  its  muscles  to  a point  higher 
than  that  of  the  rectum ; the  equilibrium  between  the  two  temperatures  being 
reached  after  about  one  hour. 

WoJinKRLicn  (Arrh  d.  Hrilk. , 1864,  V.,p.  223)  thinks  Leyden's  idea,  that  in 
tetanus  the  want  of  the  discharge  of  muscular  action  into  mechanical  labor  (if  the 
muscles  arc  mutually  in  equilibrium,  there  is,  so  to  speak,  no  motion  produced.)  is 
capable  of  increasing  body-heat  (according  to  BiCLAHD),  worthy  of  consideration. 
The  same  factor  may  also  play  a part  in  the  rise  of  temperature  observed  in  fettered 
animals i compare  Billroth,  1.  o.,  XIII.,  p.  611). 


lo  the  category' of  fevers  presumably  produced  by  fermentative  processes, 
belong  all  those  which  ensue  after  injuries  of  all  kinds.  There  is  a large 
number  of  wounds,  some  of  them  severe,  in  which  no  fever  shows  itself. 
Consequently,  fever  is  not  au  essential  accompaniment  of  wounds  as  such, 
but  is  always  an  accidental  affection.  The  period  during  which  a wounded 
person  may  develop  fever  varies  from  the  time  of  the  reception  of  the 
injury  to  the  healing  of  the  wound,  it  is,  however,  the  rule  that,  iu  those 
cases  in  which  fever  makes  its  appearance,  it  begins  on  the  second  day  and 
continues  until  the  seventh.  The  duration  of  traumatic  fever  is  even 
more  variable  than  the  time  of  its  first  appearance.  If  a subject  of  opera- 
tion is  free  from  fever  at  the  expiration  of  the  fourth  day,  he  will  probably 
remain  without  fever. 

it  the  temperature  of  operated  patients  lie  carefully  taken  both  before 
and  after  the  ojteratiou,  it  will  be  found  that,  as  a rule,  the  body -heat  lirst 
sinks,  t hough  seldom  under  the  normal,  and  very  soon  reascends.  Continuous 
observations  reveal  three  principal  types,  as  follows : 1.  Th°  variations  of 
temperature  remain  within  the  maximum  of  the  normal  range  (assuming 
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this  to  bo  38°  C.).  2.  The  temperature  slowly  rises  above  38°  C.  3.  It 
suddenly  rises,  and  usually  much,  even  to  as  much  as  40°  C.,  in  a few 
hours.  At  times  there  are  intercurrent  falls  of  temperature,  which  are 
usually  followed  by  renewed  elevations.  It  is  absolutely  established  that 
the  mode  of  injury  and  its  immediate  consequences,  as  far  as  effects  upou  the 
tissues  are  concerned,  do  not  by  themselves  constitute  factors  capable  of 
explaining  the  states  of  the  temperature  referred  to  above. 


BILLROTH  (Arch.  f.  /din.  Chirurg .,  1872,  XIII.,  p.  57!)),  whom  the  author  follows 
in  stating  these  phenomena,  refers  to  the  following  conditions  as  capable  of  modify- 
ing the  body-heat  immediately  after  operations. 

a.  Loss  OF  BLOOD.  Large  losses  of  blood,  and  naturally  those  occurring  spontane- 
ously as  well  as  those  produced  by  bloodletting,  are  followed,  in  the  sick  as  in  the 
well,  by  a rapid  falling  of  the  temperature,  which,  if  death  or  a marked  improve- 
ment in  the  disease  does  not  take  place,  is  soon  corrected.  The  effect  of  bloodlet- 
ting is  a very  transitory  one.  According  to  Thaubk,  even  the  radial  artery  may, 
after  a copious  bloodletting,  re-assume  its  former  degree  of  tension  in  a few  hours, 
and  at  the  end  of  the  same  length  of  time  the  thermometer  will  indicate  a higher 
temperature  than  before  the  operation.  The  observations  of  Zimmkkmann  (Ztg.  d. 
Ver.f.  Jlrilk. , 1H55,  No.  27)  on  man,  and  those  of  Bergmann  (Pt'tcrxb.  Ztxehr. , XV., 
p.  8!))  on  animals,  as  well  as  those  of  Fresk  and  Kettler  (l)ixx.  Borpnt,  1800  et 
1807  ; Virch.  Archie , XL.  et  XLIII,),  are  in  agreement  with  the  above.  Bergmann 
explains  the  secondary  elevation  by  the  augmented  entrance  of  products  of  physiolo- 
gical metamorphosis  into  the  vascular  system,  as  must  take  place  because  of  the 
lessened  lateral  pressure  upon  parenchymata.  Since  this  elevation  of  temperature 
takes  place  in  well  persons,  there  is  no  need  to  assume  n special  irritation  of  the  tis- 
sues as  necessary  to  the  formation  of  such  “ pyrogenic”  products.  In  this  connec- 
tion compare  OlETL  ( Die  C/uAcra  u.  h.  ir.  MUnchen,  1805),  who  supposes  that  “fever 
is  chiefly  produced  by  a certain  alteration  in  the  fluids  of  the  tissues,  brought  about 
by  certain  substances.”  (Possibly  the  severe  attacks  of  fever  which  appear  after  a 
diarrhoea  at  first  not  attended  by  fever,  in  children,  are  to  be  explained  in  the  same 
manner  as  the  rise  of  temperature  after  bloodletting.) 

b.  The  narcosis  ok  ciilobokorm.  Under  the  influence  of  chloroform  there 
occurs  a lowering  of  the  body-heat,  presumably  caused  by  diminution  of  the  rapidity 
of  metamorphosis  in  consequence  of  reduced  activity  of  the  heart  muscle.  The 
property  which  chloroform  has  of  reducing  the  temperature  of  the  body  was  known 
through  DuMERiLand  Dkmarqoay,  in  1848.  (Compare  Scheinesson,  Arch.  d.  Heilk. , 
180!),  X.,  p.  36.)  The  latter  discovered  that  this  tall  of  temperature  took  place  as  well 
under  conditions  which  rendered  increased  loss  of  heat  though  the  respiratory 
organs  impossible,  as  under  such  as  reduced  the  loss  of  heat  through  the  skin  to  a 
minimum.  This  points  to  lessened  production  of  heat. 

c.  The  pain  of  wounds.  This  takes  but  little  part  in  the  reduction  of  tem- 
perature which  is  observed  immediately  after  injuries.  According  to  Hkidenitain 
(Arch.  f.  d.  ges.  Phyx. , III.,  p.  508),  the  temperature  of  the  internal  parts  of  the 
body  falls  upon  irritation  of  sensory  nerves  anywhere.  It  rises  again  after  cessation 
of  the  irritation,  sometimes  rapidly,  sometimes  unusually  slowly,  so  that  by  means  of 
repeated  irritations,  each  of  which  causes  a rapid  fall  of  temperature,  a marked  and 
lasting  depression  may  be  produced.  Perhaps  the  section  of  large  nerve-trunks  exerts 
a lowering  iniluence  upon  the  body-heat.  Jordan  and  Fischer  (Volk/n.  Snnnd. 
kliu.  Vortnige , No.  10)  observed  in  “shock”  (which  according  to  F.  is  to  be  consid- 
ered as  a reflex  paralysis  of  the  vascular  nerves,  particularly  of  the  splanchnic),  pro- 
duced by  traumatic  irritation,  a decided  lowering  of  the  body-heat.  Billroth,  though 
unable  to  support  this  view  by  experiments,  concedes  that  the  wounding  of  internal 
organs  at  least  cau  produce  such  an  enormous  diminution  of  temperature  as  would 
not  be  produced  by  the  concomitant  loss  of  blood.  By  means  of  irritations  continued 
2-3  hours  he  could  not  with  certainty  produce  fever. 

d.  Prolonged  exposure  ok  the  patient.  After  operations  performed  in  insuf- 
ficiently warmed  rooms  there  occurs  a moderate  degree  of  collapse,  a proof  of  the 
insufficiency  of  the  heat-regulating  power  of  the  organism  when  tho  loss  of  heat  is 
too  great.  (Senator.) 

If,  thr  ough  the  above-named  circumstances,  the  normal  condition  of  tem- 
perature has  been  changed  to  an  abnormal  one,  it  is  easy  to  understand  that 
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»i  further  disorder  easily  sets  in — that  the  patient  is  feverish  after  a longer 
or  shorter  time. 

All  the  remaining  phenomena  of  traumatic  fever  in  man  are  best 
explained  by  the  hypothesis,  that  it  is  dependent  upon  inflammations  set  up, 
not  by  the  injury  itself,  but  by  septic  processes  taking  their  start  in  the 
wound,  it  is  most  probable  that  the  fever  is  caused  only  by  spores  which 
enter  the  blood  through  the  wound,  and  that  SEPSIS  is  the  result  of  vibri- 
onic  putrefaction.  To  what  degree  these  inflammations  of  the  wound  and 
the  fever  dependent  thereon  are  developed,  or  whether  they  develop  at.  all, 
depends  upon  the  nature  of  the  wound,  the  mode  of  dressing,  the  state  of 
the  atmosphere  in  which  the  patient  is,  the  mechanical  factors  which  favor 
the  entrance  of  putrid  substances  into  the  tissues  and  the  blood,  upon  the 
quality  of  the  putrid  substances,  the  intensity  of  their  inflammation-pro- 
ducing (phlogogenic)  and  heat ‘producing  (pyrogenic)  activity,  etc.  Conse- 
quently, if  immediately  after  a wound  or  operation  the  temperature  sud- 
denly rises,  it  is  possible  that  an  infection,  direct  or  indirect,  of  the  wound 
has  occurred,  or  that  inoculation  with  a pyrogenic  substance  has  taken 
place.  Among  other  means,  the  quick  removal  of  the  infecting  inflamma- 
tory focus  is  necessary  in  order  to  bring  the  fever  to  an  end. 

The  following  account  of  the  simple  fl'Ver  which  accomjMinies  wounds, 
“traumatic  fever,”  is  sufficient  for  clinical  purposes.  Traumatic  fever 
lasts  from  one  to  seven  days  and  more,  without  any  tendency  to  cease  on 
any  particular  day  ; it  is  continuous  with  the  secondary  fever  (after  the 
seventh  day)  in  cases  of  severe  injury,  and  even  in  cases  of  accidental 
inflammation  and  suppuration.  The  highest  temperature  is  attained  in 
traumatic  fever  on  the  first  or  second  day,  seldom  from  the  third  to  the 
fifth  days,  very  rarely  later  still  ; the  temperature  may  rise  higher  in  the 
secondary  fever. 

In  SEFTtC.SMtA,  the  temperature  is,  as  a rule,  very  high  in  the  beginning, 
and  later  become*  very  low ; though  there  are  eases  in  which  it  is  low  at 
the  commencement  ami  never  rises  very  higli ; and  even  in  some  rapidly- 
fatal  cases  it  sometimes  hardly  exceeds  the  normal.  Death  may  occur  at 
any  point  of  these  ascii lat ions  of  temperature;  or  it  may  follow  a rising 
high  temperature,  or  one  falling  far  Inflow  the  normal.  In  its  course  chills 
art*  exceedingly  rare. 

The  same  features  characterize  the  py  emic  forms  of  disease,  when  these 
ar<*  superadded,  so  that  the  distinction  of  traumatic  from  purulent  fever, 
ami  still  more  that  of  septicaemia  from  pyannia,  is  only  a graduated  ami 
uncertain  one,  because  of  the  absence  of  objective  statistically  useful  data. 
As  a rule,  the  beginning  of  fever  in  the  pynuuic  form  is  distinguished  by 
great  rise  of  temperature  during  a chill,  after  the  previous  existence  of  a 
more  or  less  marked  fever,  or  after  none  at  all ; and  yet  it  cannot  Ik* 
assumed  that  the  more  intense  dangerous  infection  has  taken  place  in  this 
chill,  immediately  before  the  chill,  the  temperature  sometimes  exhibits  a 
short  depression,  sometimes  an  elevation,  or  again  no  change  at  all ; during 
the  chill  it.  usually  rises  above  40w  and  often  attains  nearly  to  42u  C., 
and  afterward  it  falls  suddenly  almost  to  the  normal,  as  a rule.  At  this 
time  an  exceedingly  variable  course  of  temperature  sets  in,  chiefly  modified 
by  the  rapid  or  slow  sequence  of  the  succeeding  chills,  as  well  as  by  the 
average  temperature  of  the  remaining  course  of  the  disease.  The  chills, 
with  their  accompanying  enormous  or  moderate  elevations  of  temperature, 
follow  each  other  more  or  less  frequently.  Generally  they  are  few  in 
number,  rarely  more  than  five  or  Hix  before  death  ; still  more  rarely  does  a 
patient  have  more  than  one  chill  in  twenty-four  hours;  and  they  occur 
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much  more  often  in  the  daytime  than  at  night.  In  the  interval  there  is 
sometimes,  during  several  days,  a tolerably  regularly  remittent,  or  even  a 
continued  type  ot  fever;  though  more  usually  there  occur  more  or  less 
irregular  variations  of  temperature  even  down  to  the  normal,  in  the  vicinity 
ot  which  the  temperature  may  linger  for  days.  Death  may  take  place  at 
any  time  during  such  a course  of  temperature,  as  well  with  a normal  or 
nearly  normal  body-heat  as  with  greatly  increased  temperature.  The 
much  rarer  recovery,  which  occurs  only  in  mild  cases,  makes  its  appearance 
alter  cessation  of  the  chills,  and  with  a gradual  decline  of  body-heat.. 
Nothing  certain  can  be  stated  about  the  duration  of  pysemic  fever,  because 
it  is  impossible  to  determine  with  exactitude  at  what  time  the  dangerous 
or  even  fatal  infection  began.  The  patient  will  succumb  or  recover  sooner 
or  later,  according  to  the  intensity  of  the  poison,  the  power  of  resistance  he 
possesses,  etc. 

A number  of  observers  have  instituted  experiments  to  determine  the 
nature  and  the  mode  of  origin  of  septicaunic  and  pysemic  fevers. 

The  oldest  noteworthy  investigations  of  Billroth  and  O.  Weber  date  from 
18U2-4  ; and  in  what  follows  mention  will  only  bo  made  of  the  most  important  con- 
tributions of  still  more  recent  date. 

Billroth  (Arch,  f hi.  Chirurg. , XIII.,  p.  028)  injected  a small  amount  of  fdtered 
infusion  of  putrid  dog’s  flesh  in  the  blood,  or  under  the  skin.  With  relatively  large 
amounts  death  soon  ensued  with  a rapid  fall  of  temperature  ; with  smaller  amounts 
there  occurred  a rise  of  temperature,  usually  even  in  the  first  hour,  sometimes  in  the 
third  or  fourth  hour,  and  this  fever  lasted  from  four  to  eight  hours.  Fresh  pus 
injected  into  the  blood  or  into  the  cellular  tissue  sometimes  produced  fever,  sometimes 
did  not.  After  injection  of  large  amounts  of  water  a disturbance  of  temperature, 
perfectly  analogous  to  that  set  up  by  injection  of  pyrogenic  fluid,  may  show  itself ; 
consequently  the  positive  result  of  the  above  experiment  is  very  uncertain.  The 
temperature  of  the  water  used  for  injection  is  without  iufluence.  and  the  evacuation 
of  a quantity  of  blood  corresponding  to  the  volume  of  water  does  not  prevent  the 
elevation  of  body-heat. 

BeuomanN  ( Pc  tenth,  med.  Zeitschr .,  XV.,  p.  10)  discovered,  by  means  of  numerous 
experiments  upon  pysemic  and  septicaemic  processes,  that  after  the  injection  of  putrid 
substances  and  of  the  tissues  of  inflamed  parts,  there  occurs  a sudden  rise  of  tem- 
perature, quickly  followed  by  a fall  to  the  normal,  if  death  or  further  local  disorders 
does  not  take  place.  It  was  further  shown  that  after  the  injection  of  large  quantities 
of  distilled  water,  or  after  transfusion  of  healthy  blood  or  blood  plasma,  the  same 
oscillation  of  temperature  may  occur,  though  usually  to  a moderate  extent.  There- 
fore B.  came  to  the  conclusion  “ that  there  is  only  a graduated  difference,  not  a 
specific  one,  in  the  effects  of  putrid  matter,  products  of  inflammation,  or  products  of 
ordinary  metamorphosis  upon  body-heat ; that  it  is  not  merely  specific  inflammatory 
products  which,  circulating  in  the  blood,  act  as  fever-producing  agents,  but  that  the 
same  effect  may  result  from  substances  which  have  been  produced  by  decomposition 
of  tissues  in  the  usual  course  of  metamorphosis.” 

Injection  of  putrid  substances  directly  into  the  veins  shows  “that  immediately 
after  the  injection  the  temperature  begins  to  rise,  reaching  a maximum  between  the 
second  and  third  hours,  and  returning  to  the  normal  in  three  or  six  hours.  As  soon 
as  lesions  occur  at  the  punctured  spot  or  at  a distance  from  it  the  body-heat  remains 
for  a long  time  above  the  normal.  In  the  worst  cases  of  putrid  injection,  which  con- 
duce to  death  in  twenty-four  hours,  the  temperature  at  first  rises  in  a typical  way, 
remains  elevated  for  a while,  and  often  falls  a good  deal  just  before  death.”  With 
injections  into  the  subcutaneous  cellular  tissue  the  temperature-curve  varies  with  the 
local  inflammations  which  arise.  In  case  of  slight  local  trouble  there  occurs  a sudden 
rise  of  temperature  immediately  after  the  injection,  and  then  a prolonged  slight  fall 
to  a certain  height.  Before  the  breaking  of  abscesses  there  is  always  an  exacerbation. 
In  case  of  a severe  local  lesion  the  fever  runs  a course  quite  parallel  to  it;  it  remains 
continuously  at  a considerable  height  until  death,  and  it  is  only  during  the  agony  that 
for  a shorter  or  longer  time  there  is  a fall. 

Furthermore,  B.  experimented  with  pus  and  other  products  of  inflammatory  disin- 
tegration of  tissues.  He  injected  pus-serum  as  free  as  possible  from  corpuscles 
obtained  by  filtering  pus  diluted  with  water ; and  the  filtration  was  done  under  so 
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low  a temperature,  and  so  little  time  (not  more  than  an  hour)  was  allowed  to  elapse 
between  the  obtaining  of  the  pus  and  its  insertion  into  the  animal,  that  the  fluid  used 
in  the  experiment  may  be  considered  as  unchanged.  After  the  introduction  of  rela- 
tively small  quantities  of  pus-serum  in  the  circulation,  there  appeared  exactly  the 
same  temperature-curve  as  after  the  injection  of  putrid  substances.  The  above-de- 
scribed typical  fever,  following  at  once  upon  the  injection,  passed  into  a more  or  less 
prolonged  atypical  fever  only  when  further  local  lesions  were  produced  by  the  opera- 
tion itself  or  by  the  injected  substances.  Subcutaneous  injections  of  fresh  or  boiled 
pus  and  pus-serum  exerted  precisely  the  same  influence  upon  the  temperature  as  in- 
jections of  putrid  fluids.  As  au  indirect  consequence  of  the  elevation  of  temperature 
produced  by  resorption  of  the  injected  matter,  there  may  arise  anew  a fever  dependent 
upon  a local  lesion.  This  fever  keeps  pace  with  the  local  trouble,  increases  with  its 
spread,  remains  at  a stand  still  as  long  as  this  does  not  increase,  and  ceases  upon  its 
disappearance . 

Besides,  B.  injected  the  fluid  of  acute  inflammatory  oedema  and  of  inflammatory 
transudates,  but  only  under  the  skin.  It  was  first  shown  that  there  were  set  up 
rapidly  extending  inflammatory  processes  in  the  subcutaneous  cellular  tissue.  The 
temperature  increased  as  before  ; but  the  peculiarities  of  those  parts  of  the  fever- 
curve  which  were  connected  with  the  local  lesion  were  interesting.  An  exacerbation 
by  pushes  is  characteristic  of  the  fever  of  progressive  suppuration  ; and 

there  occur  in  its  course  sometimes  remissions  with  regular  evening  exacerbations, 
sometimes  intermissions.  It  is  otherwise  in  acute  inflammatory  oedema.  In  this  the 
fever  resembles  that  of  acute  septicaemia  in  man  ; febrile  paroxysms  are  not  notice- 
able. but  the  temperature  rapidly  rises  to  a considerable  height,  and  continues  at  that 
elevation. 

B.  furthermore  established  that  the  elevation  of  temperature  observed  in  his  ex- 
periments did  not  depend  upon  other  causes  than  those  brought  to  bear  in  the  experi- 
ments. as.  for  example,  individual  variations  in  the  physiological  body-heat  of  the 
animals  experimented  upon,  strong  muscular  exertions,  etc.  Injections  of  neutral 
substances,  e ?/  , distilled  water,  produced  no  elevation;  while,  on  the  contrary,  this 
did  show  itself  after  the  injection  of  large  volumes  of  water,  and  small  amounts  of 
irritating  substances,  r.g  . sulphide  of  ammonium,  in  the  same  manner  as  nfter  injec- 
tions of  pyrogenic  materials.  This  B.  explains  by  the  assumption  that  these  substances 
first  irritate  the  tissues,  and  that  it  is  only  the  products  derived  from  irritation  of 
tissues  which  act  in  a pyrogenic  manner.  Among  other  things  which  are  in  favor  of 
this  explanation,  there  is  the  elevation  of  body-heat  through  increase  of  oxidation- 
processes  in  the  organism,  as  produced  in  animals  by  the  injection  of  binoxide  of 
hydrogen  (Assmctii.  ///.«.«.  timing.,  Dorpai,  and  as  shown  after  withdrawal  of 

blood  (rt tie  *npra ).  Besides,  the  comparison  of  transfusion  of  healthy  and  of  feverish 
blood  in  dogs  teaches  that  the  former  transfused  in  small  quantity  produces  no  increase 
of  body -heat,  that  when  used  in  greater  quantity  it  sometimes  give  rise  to  a distinct 
fever,  and  that  this  is  regularly  produced  by  transfixion  of  feverish  blood.  Conse- 
quently feverish  blood  does  not  operate  in  a specific  manner,  but  only  differs  in  degree 
of  activity  from  healthy  blood.  The  temperature  after  injection  of  feverish  blood 
appears  just  as  it  does  after  injections  of  putrid  fluids,  and  B.  rightly  sees  in  this  a 
confirmation  of  his  opinion  that  the  fever-producing  effect  is  obtained  by  moans  of 
natural  products  of  tissue-metamorphosis. 

Consequently,  observations  upon  variations  of  temperature  after  diverse  injections 
did  not  enable  B.  to  determine  differences  in  the  substances  injected. 

Billroth  i.lreA.  f.  Min.  Chir .,  XIII.,  p.  G-'t-’i).  as  well  as  others,  has  corroborated 
Bekox  a NX's  obser  vat  ions . 

With  respect  to  the  origin  ok  the  elevation,  Billroth  advanced  the  opinion 
(Arch.  J.  kUn.  ( 'htr. , IX.,  p.  118*.  that  traumatic  and  inflammatory  fevers  arise 
through  the  absorption  of  pyrogenic  substanc*  s,  produced  upon  or  in  the  wound,  or 
from  such  as  are  deposited  upon  it.  The  intermissions  of  traumatic  fever  chiefly 
depend  upon  the  intermittent  taking  up  of  the  infecting  body  into  the  blood  ; and 
he  also  noticed  that  chills  were  more  dependent  u|>on  the  absorption  of  pumlent  than 
upon  that  of  ichorous  matter.  “Once  introduce*!  into  the  tissues,  the  poisons  in 
question  act  like  ferments;  it  is  not  by  an  atomic  infectious  substance  that  the 
infected  individual  is  made  so  very  ill.  but  because  the  atom  of  poison  sets  up  an 
inflammation  whose  products  are  highly  toxic,  and  it  is  these  which  repeatedly 

jxjison  the  blood The  infectious  substances  of  this  category  all  act,  in  the 

iirst  place,  in  a phlogogenic  way”  (p.  123). 

In  his  most  recent  work  (1.  c.,  XIII. ) II.  does  not  maintain  this  view  so  absolutely, 
but,  because  of  its  similarity  under  different  conditions,  and  because  of  its  rapid 
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development  and  short  duration,  he  does  not  connect  the  initial  fever  of  experiments 
by  infection,  with  an  inflammation.  Inflammation  is  not  produced  by  injections  of 
water,  blood-serum,  etc  , which  do  set  up  fever.  Incidentally  he  refers  to  the  fact 
that  although  embolisms  of  the  pulmonary  artery  produced  by  particles  of  starch 
and  charcoal  cause  fever,  they  do  not  set  up  inflammations,  as  an  additional  proof 
that  the  former  inay  exist  without  the  latter. 

Berg m an n (1.  c.,  p.  +4)  thinks  that  we  do  not  possess  any  positive  evidence  show- 
ing that  there  occurs  a kind  of  fermentative  change  in  the  blood  after  injections  of 
putrid  substances.  As  far  as  increase  of  temperature  is  concerned,  the  results  of 
injection  into  the  veins  are  certain  proof  that  the  infection-fever  is  transitory  ; when 
there  is  persistent  fever  there  must  accordingly  be  a constant  supply  of  fresh  infec- 
tions material  to  the  blood,  and  this  probably  from  newly-produced  local  disorders. 
In  putrid  intoxications  there  is  question  of  a poisonous  effect  completely  analogous 
to  the  operation  of  other  toxic  solutions  injected  into  the  blood  ; death  follows,  or 
the  poison  is  quickly  eliminated,  and  the  disorder  subsides,  or  else  there  are  de- 
veloped lesions  here  and  there,  which  may  of  themselves  give  rise  to  new  general 
phenomena  (among  others  to  fever).  It  is  only  the  first-observed  increase  of  temper- 
ature which  can  be  referred  to  the  absorption  of  the  poison,  while  the  remainder 
of  the  fever-curve  (by  far  the  larger  part)  must  be  attributed  to  the  effect  of  local 
lesions.  That  the  first  rise  of  temperature  in  case  of  subcutaueous  injections  can- 
not be  produced  by  local  processes,  is  shown  besides  by  the  quickness  with  which  it 
appears  (which  is  quite  as  great  as  when  the  injection  is  made  in  the  veins),  espe- 
cially by  those  cases  in  which  reaction  at  the  point  of  injury  is  absent,  and  in  which 
the  temperature  rises  and  falls  according  to  the  type  characteristic  of  injections  of 
putrid  solutions  into  the  blood. 

According  to  Sapalski  ( Verh.  d.  W&rzb.  phys.  mcd.-Oes.,  III.,  p.  142),  in  the 
operation  of  pus-injections  there  is  neither  a condition  of  simple  retention  of  heat 
nor  a mere  combustion  of  the  injected  substances,  but  there  is  produced  a long- 
continued  increase  of  production  of  heat  which  must  be  dependent  upon  a special 
long-acting,  ferment-like  effect  of  the  pus. 

It  lias  been  sufficiently  well  established  by  numerous  contributions,  bow 
great  an  influence  the  central  nervous  system  exerts  upon  the  distribu- 
tion of  blood  throughout  the  organism,  and  upon  the  temperature  of  its 
various  parts.  This  influence  is  chiefly  owing  to  the  capacity  which  the 
nervous  system  has  of  producing  contraction  of  the  muscles  of  bloodvessels. 
Our  knowledge  of  the  influence  of  the  central  nervous  system  upon  the 
production  of  heat  is  very  much  less. 

Ludwig  and  Spiess  discovered  that  the  secretion  of  the  sub-maxillary  gland  pro- 
duced by  irritation  of  the  chorda  tyrrvpani  showed  a temperature  l -1.5  C.  higher 
than  that  of  the  blood  of  the  artery  leading  to  the  gland,  and  concluded  that  an  in- 
creased production  of  heat  takes  place  under  the  influence  of  nervous  excitation.  B - 
sides,  pathological  observations  show  that  injuries  of  the  central  nervous  system  are 
capable  of  causing  increased  production  of  heat.  Bhodie  (Med.-Ohir.  Trans.,  1857, 
p.  410)  found  that  at  the  end  of  forty-two  hours  after  crushing  of  the  lower  part 
of  the  cervical  enlargement  of  the  spinal  cord,  the  temperature  was  43.fi  C.  ; Bigl- 
roTII  noticed,  fifty  hours  after  crushing  of  the  spinal  cord  consequent  upon  a fracture 
of  the  sixth  cervical  vertebra,  42.2°  C.  ; Simon  saw  a man  die  with  a temperature 
of  44  C.  three  days  after  contusion  and  apoplexy  of  the  dorsal  part  of  the  spinal 
cord,  with  fracture  of  the  twelfth  dorsal  vertebra;  Naunyn  observed,  nineteen  hours 
after  fracture  of  the  fifth  and  sixth  cervical  vertebra  and  crushing  of  the  spinal 
marrow  45.0  C.  in  the  axilla,  aud  already  fourteen  hours  before  it  had  been 
37.6’  C.’ 

Since  the  rapidity  with  which  the  rise  of  temperature  made  its  appear- 
ance, and  the  absence  of  preceding  signs  of  irritation  make  it  unlikely  that 
the  elevation  was  caused  by  any  reactive  inflammation  of  the  spinal  cord, 
it  appears  certain  that  in  man  a great  increase  of  temperature  may  be  pro- 
duced by  section  of  this  organ,  especially  in  its  lower  cervical  part. 

The  results  of  experimental  injuries  to  the  spinal  cord  in  animals  have 
given  results  in  striking  contradiction  with  the  above  clinical  experience. 
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After  total  section  of  the  spinal  cord  there  usually  occurred  a more  or  less 
rapid  decrease  of  body-heat. 

TsCHEBCniCHlN  found,  after  section  of  the  spinal  cord  (the  more  marked  the  highei 
the  section  was  made),  a diminution  of  temperature  ; and  on  the  contrary  a care- 
fully done  transverse  section  of  the  medulla  oblongata,  so  made  that  it  touched  the 
posterior  part  of  the  pons  Varolii,  almost  instantly  caused  increased  rapidity  of  the 
heart’s  action,  of  respiration,  of  the  blood-stream,  and  an  elevation  of  temperature. 
These  phenomena  were,  consequently,  produced  by  the  integrity  of  the  spinal  cord 
and  by  the  increased  activity  of  its  centres,  which  are  in  a measure  independent  and 
as  such  more  active,  but  which  are  also  dependent  upon  the  brain  which  moderates 
their  actions  and  holds  them  in  equipoise.  T.  refers  to  the  moderating  centres 
described  by  Sktschkxow  in  the  brain,  centres  whose  excitation  reduces  reflex 
actions,  and  whose  palsy  increases  them.  (Arch.  f.  Aunt..  Phyx.  u.  x.  ic..  18(W,  p. 
151  ; 1).  Arch.  f.  /din.  Med. , II.,  p.  599.)  Besides,  he  accidentally  discovered  that 
it  was  possible  to  retard  or  even  to  prevent  for  awhile,  the  usual  rapid  sinking  of  the 
temperature  which  follows  section  of  the  spinal  cord,  by  carefully  covering  the 
animal. 

FihHKR  (Med.  Ctrlbl.,  1859.  No.  17)  concludes  from  experiments  and  clinical 
observations  that  there  exists  in  the  cervical  part  of  the  spinal  cord  an  inhibitory  (or 
regulatory)  centre  for  tem[>erature,  excitation  of  which  causes  a rise  of  temperature, 
and  thinks  that  this  centre  must  be  sought  for  in  the  anterior  columns  of  the  cervical 
enlargement. 

HBlDE.tn.us  (Arch.  f.  d.  gex.  Phy 1870,  III.,  p.  578). observed  that:  section  of 
the  brain  at  the  limit-  between  the  pons  Varolii  and  the  medulla  oblongata  may  cause 
an  increase  of  body-heat;  injury  to  the  posterior  border  of  the  pons  and  the  ante- 
rior part  of  the  medulla  by  a simple  stab  with  a needle  is  no  less  effectual,  while 
such  a wound  of  the  anterior  border  of  the  pons  is  without  effect.  The  rise  of 
temperature  frequently  begins  immediately  after  the  operation ; occasionally  thus 
is  preceded  for  a short  time  by  a depression.  The  rise  thus  produced  may  last 
until  death  ; in  other  cases,  after  a certain  height  has  been  attained,  the  mercury 
begins  to  fall,  and  in  such  a case  a second  stab  may  cause  a renewed  elevation.  The 
increase  of  temperature  does  uot  take  place  merely  in  internal  parts,  but  in  the 
peripheral  parts  of  the  body.  II.  infers  from  this  that  the  elevation  is  not  due  to  a 
diminution  of  the  giving  off  of  heat,  but  to  uu  increase  of  heat- production.  The 
assumption  of  Tst'HKSClIK’H  IN,  that  the  increase  of  tein|>erature  is  consequent  upon 
the  separation  of  hypothetical  moderating  cerebral  centres,  does  not  appear  tenable 
to  him  It  appears  much  more  probable  to  him  that  this  may  depend  upon  excita- 
tion of  the  centres  which  regulate  the  temperature  of  the  body,  aim  tries  to  fortify 
this  opinion  by  means  of  experiments  consisting  in  electrical  irritation  of  those  parts 
of  the  brain,  by  which  in  the  course  of  one  or  two  minutes  an  increase  of  body-heat 
is  produced. 

Further  investigations  upon  the  influence  of  the  nervous  system  upon  body  heat 
showed  II.  (L  a.  p.  504),  that  by  irritation  of  sensory  nerves,  the  temperature  of  the 
arterial  blood,  as  well  as  that  of  the  internal  parts  of  the  body,  is  made  to  fall 
0.2'  C.  in  1 —1 4-  minutes,  and  that  this  depression  does  not  appear  if  the  medulla  be 
separated  from  the  spinal  cord;  while  separation  of  the  former  from  the  pons  ie 
without  effect.  Immediate  irritation  of  the  medulla  oblongata  by  electrical  means 
or  interruption  of  artificial  respiration  operates  in  a similar  way.  It  follows  that 
irritation  of  sensory  nerves  exerts  an  influence  upon  the  temperature  only  through 
the  medium  of  the  medulla  oblongata.  At  the  same  time,  with  depression  of  the 
temperature  there  occurs  an  increase  in  the  arterial  pressure,  and  the  speed  of  the 
blood  is  made  more  rapid  ; and  in  consequence  there  is  a greater  giving  off  of  heat 
from  the  surface  of  the  body.  The  diminution  of  temperature  must,  consequently,  be 
the  greater,  the  cooler  is  the  surface.  In  accordance  «ith  this.  H.  finds  that  in  u cold 
bith  of  14  -IS'1  o.  the  internal  heat  rapidly  diminishes,  and  that  this  fall  is  hastened 
by  irritation  of  sensory  nerves.  In  a warm  bath  the  temperature  rises,  and  irritation 
of  sensory  nerves  slightly  retards  this  rise.  If,  consequently,  all  the  observed  phe- 
nomena can  be  explained  by  alteration  in  the  giving  off  of  heat  from  the  surf  ace, 
the  hypothesis  of  an  immediate  influence  of  the  nervous  system  upon  the  production 
of  heat  is  not  required.  In  feverish  animals  the  artificially  produced  decrease  of 
temperature  does  not  at  all  occur,  or  appears  but  slightly — a circumstance  which  II. 
would  explain  by  the  increased  temperature  of  the  surface.  The  influence  of  nerve- 
irritation  at  once  shows  itself  if  the  surface  be  artificially  cooled. 

Naumann  had  already  (Prayer  VierUjhxcft,  ln«7,  XCIII.,  p.  13d  ; Arch.  f.  Phyx., 
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V. , p.  201)  called  attention  to  the  fact  that  irritation  of  sensory  nerves,  as  for  ex- 
ample in  consequence  of  a strong  irritation  of  the  skin,  constantly  produces  a dimi- 
nution of  body-heat.  This  shows  itself,  according  to  him.  usually  after  a shorter  or 
longer  period  of  increased  temperature  which  is  often  noticed  during  the  irritation, 
often  begins  after  the  cessation  of  the  irritation,  and  frequently  does  not  come  to 
an  end  in  half  an  hour. 

According  to  Hkidenii.un,  this  diminution  of  temperature  is  brought  about  by 
changes  in  the  circulation.  At  first  the  resistance  to  the  flow  of  blood  increases  by 
a wide-  spread  contraction  of  the  smaller  arteries,  though  through  this  the  activity 
of  the  heart  increases  more  rapidly  than  the  resistances,  thus  causing  greater  rapid- 
ity of  the  blood-current.  In  consequence  of  this  more  rapid  circulation,  larger 
quantities  of  blood  pass  through  the  colder  peripheral  parts  of  the  body  in  a given 
time.  Thus  there  is  brought  about  a more  rapid  partial  equalization  between  the 
latter  and  the  warmer  internal  parts.  While  the  temperature  of  the  periphery  in- 
creases, and  therefore  the  loss  of  heat  outward  becomes  greater,  a fall  of  tempera- 
ture must  occur  in  internal  parts.  Riegel  (Arch.  f.  d.  gcs.  Phys .,  IV.,  p.  ;388) 
denies  the  constancy  of  the  above  phenomena,  as  well  as  the  admissibility  of 
He  i DENII A in’  8 explanation. 

On  the  contrary,  Naunyn  and  Quincke  (Arch.  f.  Anat.,  Phys.  u.  s.  w.,  1809.  pp. 
174  et  521)  showed  that  crushing  of  the  spinal  cord  (usually  at'the  level  of  the  sixth 
cervical  vertebra,  within  the  slightly  opened  dura  mater)  is  followed  by  an  increase 
of  temperature  ; that  this  rise  is  so  much  the  greater,  the  higher  the  crushing  is  done, 
and  that  this  elevation  of  temperature  with  the  greatest  probability  must  be  referred 
to  an  increase  of  production  of  heat.  He  explains  the  fact  that  all  former  observers 
had  observed  a lowering  of  temperature  after  division  of  the  spinal  cord,  by  the  two-' 
fold  effect  of  this  operation,  the  one  an  increase  of  heat-production,  and  the  other 
an  increase  of  the  giving  off  of  heat,  as  caused  by  the  abolition  of  the  activity  of  the 
vaso-motor  nerves  in  the  palsied  parts.  These  two  results  of  division  of  the  spinal 
cord  operate  in  an  antagonistic  manner,  so  that  the  resultant,  the  body-heat,  must 
rise  or  fall  according  to  the  preponderance  of  one  or  the  other  effect.  In  small  animals, 
and  under  circumstances  favorable  to  loss  of  heat,  there  is  generally  observed  dim- 
inution of  temperature  ; but  by  modifications  of  external  conditions  by  which  some- 
times heat-production,  sometimes  loss  of  heat  is  favored,  it  is  possible  to  obtain 
either  a rise  or  a lowering  of  temperature.  An  elevation  is  chiefly  observed 
if  the  largest  possible  animals  be  made  rise  of,  since  iu  them  loss  of  heat  is  notably 
diminished. 

Riegel  (Arch.  f.  d.  ges.  Phys.,  1872.  V.)  and  Rosenthal  deny  that  from  tho 
rise  of  temperature  following  section  of  the  spinal  cord  the  conclusion  of  increased 
production  of  heat  can  be  drawn  ; there  is  only  a greater  loss  of  heat  compared  with 
what  takes  place  iu  normal  animals. 

Consequently,  it  seems  to  be  established  that  by  the  above-named  injuries 
to  the  nervous  system  the  regulation  of  heat  in  the  animal  organism  may 
be  so  disordered,  that  with  increase  of  heat-production  and  of  loss  of  heat, 
the  body  is  no  longer  capable  of  maintaining  its  normal  temperature  : the 
result  of  such  a disturbance  of  equilibrium  is,  under  favorable  circumstan- 
ces, a lasting  rise  of  temperature  above  the  normal. 

It  is,  however,  not  proven  that  every  increase  of  body-heat  must  be 
referred  to  a disorder  of  the  central  nervous  system ; and  stiil  less  is  the 
nature  of  this  disorder  understood. 

Naunyn  and  Dubczcanski  (Arch.  f.  exp.  Pathol .,  I.,  p.  181)  have  attempted  to 
solve  this  question  in  the  case  of  the  fever  produced  by  injection  of  pyrogenic 
substances.  Those  substances  may  be  considered  as  fever-excitiug,  for  the  reason 
that  they  cause  a pi-imary  functional  disturbance  of  those  parts  of  the  central 
nervous  system  which  regulate  animal  heat,  or  because  (according  to  Klebs) 
they  contain,  on  the  one  hand,  materials  which  possess  the  power  of  transporting 
oxygen,  i.  e. , of  acting  as  oxidizing  agents,  and  on  the  other  hand  they  are  collectively  iu 
a fermentable  state,  and  can  induce  fermentative  processes  in  other  parts  of  the  body, 
and  it  is  upon  their  occurrence  that  the  appearance  of  oxidizing  substances  depends. 
Fermentation  is  by  no  means  limited  in  extent  by  the  amount  of  ferment  introduced. 
Now,  Sapalski  observed  in  many  experiments  that  the  temperature  did  not  rise  after 
the  int  roduction  of  active  pyrogenic  substance  iu  rabbits,  but  that  it,  on  the  contrary, 


ESSENTIAL  PHENOMENA  OF  FEVER. 


G79 


diminished,  and  he  was  obliged  to  assume  that  this  fall  is  caused  by  the  enormously 
increased  loss  of  heat  in  the  febrile  condition  ; it  can  be  checked  by  raising  the  tem- 
perature which  surrounds  the  animal,  and  by  this  means  even  an  elevation  of  body- 
heat  may  be  obtained.  In  accordance  with  this.  N.  and  I>.  found  that  when  a small 
animal  was  injected  with  pyrogenic  matter,  increase  of  its  body-heat  was  constantly 
observed  only  if  the  surrounding  atmosphere  was  at  a temperature  of  at  least  24°  C. 
When  this  was  less  than  24"  0.  the  results  began  to  be  variable  ; and  the  low  er  the 
temperature  was,  the  more  surely  did  a lowering  of  body-heat  follow  the  injection  ; 
this  surely  occurred  at  a temperature  of  l.V-16*  C.  In  the  case  of  dogs  the  influence 
of  the  external  temperature  is  much  less,  and  such  an  influence  is  marked  only  after 
the  hair  has  been  removed  from  the  animal.  If  the  loss  of  heat  from  small  animals 
be  diminished  by  wrapping  in  a thick  layer  of  cotton- wadding,  a distinct  elevation  of 
body-heat  may  be  observed,  with  an  external  temperature  which,  without  this  pre- 
caution, would  prevent  the  rise,  or  even  cause  a fall  of  bodv-heat.  According  to 
these  experiments,  it  is  certainly  not  right  to  attempt  to  explain  the  modus  opernndi 
of  pyrogenic  substances  simply  by  an  increase  of  animal  heat,  but  rather  by  the 
assumption  that  the  animals  experimented  upon  are  to  a certain  extent  placed  in  a 
condition  of  labile  (changeable)  equilibrium  of  temperature,  in  all  important  particu- 
lars just  like  that  in  which  they  are  put  by  the  oj>eration  of  division  of  the  spinal 
cord. 

It  appears  from  these  investigations  that  fever,  especially  that  which  is 
produced  experimentally  by  sepsis,  and  presumably  also  the  traumatic 
fever  of  human  beings,  is  chiefly  a vaso-tnotor  phenomenon,  produced  by 
disturbance  of  function  of  certain  parts  of  the  central  nervous  system,  viz., 
those  which  serve  for  the  regulation  of  animal  heat.  It  is  most  probable 
that  there  occurs  a paralytic  state  of  these  parts,  and  that  thus  there  is 
simultaneously  produced  increase  of  the  giving  off  of  heat  and  of  heat-pro- 
duction. It  is  by  no  moans  necessary  tliaL  the  disorder  of  innervation  of  the 
cutaneous  bloodvessels  and  that  of  those  of  internal  organs  should  bear  a cer- 
tain and  constant  equal  relation  to  each  other  ; increased  heat-production  is 
not  invariably  the  cause  of  increased  loss  of  heat,  and  vice  versd  ; the  two 
phenomena  are  to  a certain  extent  independent.  That  both  may  be  conse- 
quences of  vaso  motor  processes,  cannot  Ik*  denied  ; as  this  is  established,  for 
example,  by  the  well-known  influence  of  division  of  the  spinal  cord  upon  the 
smaller  vessels  of  the  skin  and  upon  cooling  of  the  body.  Whether  the 
result  ot  increase  in  both  factors  of  regulation  of  heat  is  an  increase  of  body- 
heat  or  not,  depends  only  upon  the  fact  that  one  or  the  other  preponderates. 

From  such  considerations  it  necessarily  follows,  however,  that  in  true 
FEBRILE  STATES  OF  THE  HUMAN  ORGANISM  THERE  MAY  BE  PRESENT  A NOR- 
MAL or  even  sub-normal  tempekature.  It  is  true  that  external  condi- 
tions (atmospheric  temperature,  covering  of  the  skin,  etc.)  do  not  act  upon 
men  to  the  same  degree  as  upon  small  animals,  in  the  first  place  because  of 
their  larger  size;  hence  there  are  smaller  variations  of  body-heat  in  men, 
and,  under  certain  conditions,  there  is  always  observed  a marked  elevation 
of  temperature  toward  the  fatal  end  of  disease. 


In  this  way  some  clinical  facts  can  be  easily  explained.  For  example,  the  circum- 
stance that  certain  mild  cases  of  typical  infectious  diseases  characterized  by  a regular 
course  of  fever,  may  progress  with  no  elevation  of  temperature,  or  with  a very  small 
rise,  while  at  the  same  time  the  absence  of  the  normal  type  of  body-heat  as  observed 
in  health  is  wanting,  and  thus  an  irregularity  is  indicated  ; and,  also,  the  occasional 
variously  sudden  and  even  interrupted  rise  and  fall  of  the  temperature  under  circum- 
stances in  which  it,  as  a rule,  follows  a regular  course;  etc. 

Lastly,  the  question  has  been  studied,  whether  the  impulse  to  increase  of 
temperature,  in  traumatic  fever,  is  given  by  infection  of  the  blood,  or  by  the 
irritation  which  is  exerted  by  the  inflammation  upon  the  nervous  system. 
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Rueuer  and  Curoiuk  (Jahrb.  d.  (1.  d.  Aertte  in  Wien.  XTV.,  p.  3),  with  this  object 
in  view,  resected  all  the  nerves  of  a part  of  the  body.  and.  after  healing  of  this  injury, 
produced  severe  injuries  of  bones  and  joints.  Tho  temperature  rose  and  ran  its 
course  just  as  in  normally  innervated  extremities.  They,  therefore,  concluded  that 
traumatic  fever  is  independent  of  the  nervous  connection  between  the  inflamed  parts 
and  the  nervous  centres.  On  the  other  hand  the  depression  of  temperature  which 
severe  injuries  of  the  joints  cause,  seem  to  depend  upon  these  nervous  connections, 
since  it  was  altogether  wanting  in  case  of  preceding  resection  of  tho  nerves. 


As  regards  the  very  extreme  terminal  elevation  of  temperature,  much 
higher  than  the  usual  range  of  fever,  which  sets  in  at  the  close  of  severe 
lesions,  especially  of  the  nervous  system,  it  seems  well-established  that  it  is 
not  to  any  important  degree  produced  by  abnormal  muscular  activity.  It 
makes  its  appearance  along  with  clonic  or  tonic  spasms  of  all  kinds,  and 
even  without  these  along  with  symptoms  of  severely  disturbed  and  de- 
pressed cerebral  functions.  These  facts  are  in  favor  of  the  existence  of 
contrivances  in  the  central  nervous  apparatus,  such  as  have  been  discussed 
when  speaking  of  the  effects  of  section  of  the  spinal  cord,  in  disorders  of 
which  the  production  is  increased  to  a degree  not  possible  when  the  nerv- 
ous activity  is  normal.  Respecting  the  influence  of  loss  of  heat,  it  is  remark- 
able that  such  enormous  final  excesses  of  temperature  seem  to  show  them- 
selves more  at  the  time  of  the  greatest  heat  of  summer,  than  in  any  other 
season.  The  great  rise  begins  sometimes  suddenly  after  a normal  course  of 
fever  only  a few  hours  before  death  ; at  other  times  it  develops  gradually  in 
the  course  of  a few  days,  as  a continuation  of  a gradual  increase  of  tempera- 
ture; or,  again,  it  ensues  after  totally  irregular  variations  of  body-heat. 
This  symptom  of  approaching  agony  is  usually  accompanied  by  other  severe 
symptoms,  produced  through  the  nervous  system. 

In  addition,  there  is  not  rarely  observed  a short  post  mortem  elevation  of 
temperature  after  the  cessation  of  the  heart’s  action  and  of  respiration,  or 
even  after  actual  death  (vide  pp.  624-5).  This  is  not,  however,  necessarily 
associated  with  a pre-mortal  rise  of  temperature,  but  may  appear  without 
this,  though  it  would  seem  in  a less  characteristic  and  marked  manner. 

Concerning  the  origin  of  this  pout  mortem  increase.  Yai-entin  {I).  Arch.  f.  Id.  Med., 
VI.,  p.  200)  came  to  the  following  conclusions.  The  post  mortem  production  of  heat 
is  a process  common  to  all  bodies,  which  appears  in  a certain  gross  amount  only  in 
some  cases.  As  soon  as  it  is  noticeably  larger  than  the  simultaneous  loss  of  heat,  post, 
mortem  elevation  of  temperature  makes  its  appearance.  The  same  occurs  when  the 
production  of  heat  is  increased,  and  when  the  loss  of  heat  is  diminished.  Post  mor- 
tem rise  of  temperature  is  chiefly  due  to  the  persistence  of  the  heat- producing  vital 
processes  after  the  cessation  of  cardiac  contractions  ; increased  activity  of  these  pro- 
cesses, which  is  mainly  brought  about  by  nervous  influence,  causes  a marked  post 
mortem  production  of  heat.  The  development  of  post,  mortem  muscular  rigidity, 
although  in  its  occurrence  a little  heat  is  liberated  (Huitkrt.  Arch,  d.  Ileiltc. , 1 W>7, 
p.  321),  exerts  only  a subordinate  influence  upon  the  post  mortem  rise  of  body-heat. 
The  decompositions  which  occur  after  death  probably  act  as  not  unimportant  sources 
of  heat.  Loss  of  bent  is,  under  similar  circumstances,  much  less  after  death  than 
during  life  ; and  by  this,  without  increased  production,  a post  mortem  rise  of  temper- 
ature is  rendered  possible. 

According  to  HeidkNHALN  ( Arch.  f.  d,  yes.  Phys.,  III.,  p.  527),  post  mortem  eleva- 
tion of  temperature  is  a constant  phenomenon  in  dogs.  In  smaller  animals  whose 
heat-producing  mass  stands  in  an  unfavorable  relation  to  their  heat-losing  surface, 
the  impaired  giving  off  of  heat  makes  itself  apparent  (as  Valentin  had  already 
pointed  out)  by  retarding  the  rapidity  of  refrigeration.  The  most  important  cause 
of  this  diminished  radiation  of  heat  must  be  sought  in  the  cessation  of  the  circula- 
tion of  tho  blood.  The  temperature  rises  in  tho  interior  of  a dead  body  for  the 
same  reason  that  it  rises  in  a living  body  after  interruption  of  the  circulation : 
chemical  decompositions  continue  while  loss  of  heat  is  diminished. 
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5.  Increase  of  body-heat  may  arise  through  a combination  of  several  of 
the  conditions  which  with  resj>ect  especially  to  statements  in  1 and  3,  occui 
in  so  many  cases.  If  this  possibility  be  borne  in  mind,  it  is  conceivable 
that  the  same  height  of  febrile  temperature  in  two  cases,  or  at  two  separate 
times  in  the  same  case,  may  have  a very  different  causation  and  significance. 
With  the  same  degree  of  heat,  production  of  heat  may  be  much,  or  little, 
or  not  at  all  increased,  in  proportion  to  the  amount  of  loss  of  heat ; and 
for  this  very  reason  the  febrile  waste  and  the  amount  of  febrile  products 
of  decomposition  may  in  the  one  case  be  small,  in  the  other  large.  And 
likewise,  with  various  production  of  heat  and  equal  body-heat,  the  deter- 
mination of  the  amount  of  loss  of  heat  may  yield  a very  different  result; 
a sbit  e of  things  based  on  facts. 


According  to  Oukrnier  ( Burl.  kUn.  Woche/uch.,  18»>7,  TV.,  p.  DO),  a conclusion 
cannot  be  drawn  from  the  height  of  the  temperature  as  to  the  severity  of  the  fever. 
Similar  febrile  temperatures  in  the  same  individual  during  one  and  the  same  disease, 
as  well  as  similar  temperatures  in  dilfereut  individuals  in  diverse  diseases  may  be 
susceptible  of  very  different  estimations.  The  severity  of  the  fever,  that  is  to  say, 
the  resistance  which  a febrile  temperature  opposes  to  removal  of  heat,  the  rapidity 
with  which  a remission  caused  by  withdrawal  of  heat  is  counterbalanced,  diminishes 
a good  deal  even  before  its  normal  close.  It  is  only  the  amount  and  duration  of  a 
remission  produced  by  withdrawal  of  heat  that  is  a certain  measure  for  the  intensity 
of  the  fever.  Ziemssen  anil  Immkkma.vs  (Holt wnsserbhl.  d.  Typhus,  p.  02)  coin- 
cide with  opinion,  and  Senator  ( Fieberhaft.  Process.,  p.  159)  expresses  himself  in 
the  same  manner. 

ItlKGKi.  and  Rosen  merger  Ilcri.  kl  Wochsn.,  1872,  No.  20  et  seq.)  advance  other 
views  upon  a similar  question.  Rosen bkhokr  observed  in  the  course  of  experi- 
ments upon  the  effects  of  local  abstraction  of  heat  in  the  same  putient  in  febrile 
and  the  non-fehrile  states,  as  well  as  in  various  degrees  of  intensity  of  the  fever, 
constantly  similar  differences;  in  op|>osition  to  Likrlrmeirtkr.  who  found  that  the 
loss  of  heat  in  baths  of  almost  the  same  temperature  was  greater  in  fever-patient* 
than  in  healthy  individuals.  Recently.  Riegkl  (1).  Arch.  f.  kl.  Med.,  1x73.  XII., 
p.  100),  has  discovered,  relatively  to  the  action  of  alcohol,  that  the  lowering  of 
temperature  produced  by  this  agent,  at  various  elevations  of  the  final  temperature, 
is  nearly  the  same  as  iu  the  non  febrile  state,  and  in  low  final  timixratures  it  appears 
to  be  somewhat  greater  than  in  rising  body  heat.  So  that  it  would  seem  as  if  there 
were  a very  variable  effect ! 


Elevation  of  temperature  of  the  larger  part  of  the  body  rimul- 

TANEOl’SLY  WITH  LOWERING  OF  THE  TEMPERATURE  OF  INDIVIDUAL  PARTS 
may  be  caused  by : 

1.  Irregular  distribution  of  production  of  heat  throughout  the  body. 

-•  Irregular  cooling  of  the  affected  peripheral  parts,  in  contrast  with 
increase  of  heat  in  some  internal  part*. 

3.  Especially  by  difference  in  the  fullness  of  bloodvessels. 

Physiological  contrivances  make  it  possible  that  with  normal  production 
and  loss  of  heat,  the  temperature  of  internal  and  peripheral  parts  shall 
vary  only  within  certain  limits,  and  that  irregularities  caused  by  accidental 
external  conditions  (the  circulation  being  normal)  shall  be  quickly  cor- 
rected. Local  relrigerution  must,  therefore,  with  relatively  great  losses  of 
heat  or  with  relatively  small  supply  of  heat,  most  easily  take  place  in  the 
extreme  peripheral  parts  of  the  body,  where  deviations  from  the  normal 
limits  most  easily  arise.  In  a pure  chill  the  heart  labors  sufficiently,  and 
yet  the  external  parts  grow  cold  because  of  the  hindrance  offered  to  the 
entrance  of  warm  blood  by  the  contracted  bloodvessels ; in  collapse  the 
activity  of  the  heart  is  insufficient,  and  peripheral  parts  must  grow  colder 
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whether  heat-production  be  increased  or  not  diminished,  or  whether  the 
peripheral  bloodvessels  be  enlarged  or  contracted. 


Lowering  ok  the  temperature  of  the  whole  dody  may  be  caused 

1.  Through  diminution  of  the  production  of  heat,  with  normal,  or  in 
creased,  or  not  much  diminished  loss  of  heat. 

2.  Through  increase  of  loss  of  heat,  with  lessened,  or  normal,  or  not 
much  increased  production. 

3.  By  a combination  of  the  above  conditions. 

It  is  usually  not  possible  to  assign,  in  a given  case,  the  share  of  action 
to  diminished  production  and  increased  loss  of  heat  with  anything  like 
precision.  A depression  below  the  normal  body-heat  may  make  its  appear- 
ance after  the  body  has  been  normally  warm,  or  after  its  temperature  has 
been  increased;  and  in  the  latter  case,  under  certain  circumstances,  a fall  to 
normal  or  super-normal  values  (as  in  collapse)  may  have  the  same  meaning 
and  consequences  as  the  previous  fall  to  sub-normal  temperatures. 

The  certain  demonstration  of  a reduction  of  heat-production  below  the  normal 
amount  is  at  the  present  time  as  impracticable  as  it  is.  according  to  what  has  been 
said  above,  to  decide  in  a given  case  whether  there  is  increase  of  production.  Most 
probably  it  (diminution  of  heat-production)  is,  together  with  increased  loss,  the 
cause  of  febrile  remissions  and  of  defervescence,  especially  in  rapidly  progressing 
acute  diseases.  In  many  cases,  in  which  it  may  have  appeared  right  to  assume 
reduced  production,  the  diminished  temperature  may  (according  to  the  experiments 
of  NaunyN,  referred  to  at  p.  (178)  in  part  be  owing  to  an  increase  in  the  loss  of 
heat.  Doubtless,  heat- production  must  be  made  less  by  starvation ; but  in  patients 
this  influence  of  insufficient  supply  of  food  is  certainly  very  often  neutralized  by 
opposing  conditions,  especially  in  fever.  The  circumstances  connected  with  this 
subject  are  particularly  complicated. 

It  is  not  only  bj'  the  direct  action  of  a sufficient  degree  of  cold  (Houvatii,  Med. 
Cenlrlbt. , 1871,  p.  oil,  was  able  to  reduce  the  temperature  of  young  dogs  so  that 
the  thermometer  placed  in  the  rectum  showed  0.6°  C.,  5.8’  C.,  and  even  4.8”  C. , and 
yet  was  successful  in  reviving  them  by  means  of  heat, — a result  hitherto  not  attained) 
in  its  various  forms,  such  as  baths,  cold  applications,  ice-bags,  cold  air,  that  the  heat 
of  the  body  may  be  reduced,  but  also  by  the  introduction  of  certain  substances 
into  the  organism;  and  these  are  used  more  or  less  frequently  in  modern  practical 
medicine,  since  the  importance  of  antipyretic  treatment  has  been  appreciated.  Among 
the  substances  referred  to  are  especially  quinia,  digitalis,  veratria,  alcohol  (BtNZ). 
The  mode  of  their  not  yet  fully  appreciated  action  is  doubtless  a complicated  one  ; 
they  act  partly  as  cardiac  poisons,  and  intluence  on  the  one  hand  heat-production, 
on  the  other  hand  loss  of  heat. 

Most  obvious  are  the  depressions  of  temperature,  that  is  to  say,  conditions  which 
justify  the  conclusion  that  there  is  diminution  of  the  production  of  heat,  after  the 
introduction  of  substances  which  intluence  and  actually  reduce  tissue-metamorpho- 
sis, especially  that  taking  place  in  muscles.  Thus  curare  operates  according  to 
some  authorities  (It 'hiujo  and  ZUNTZ,  Riegel),  while  others  (Voisra  and  Liou- 
ville,  Fleischer)  attribute  to  it  the  property  of  increasing  temperature ; nicotin 
(Rosenthal)  and  chloroform  (Scheinesson)  act  in  the  same  way.  On  the  other 
hand,  under  pathological  conditions  increase  of  loss  of  heat  has  been  shown  to  be  a 
cause  of  important  modifications  of  the  body-heat,  even  causing  death.  Thus,  for 
example,  in  extensive  burns,  in  which  Billroth  (Arch.  j.  klin.  Chir VI.,  p.  413), 
observed  a temperature  of  only  33”  C.,  in  a man  thirty-seven  years  of  age.  Accord- 
ing to  Falk  ( Virch.  Arch.,  LIII.,  p.  27),  this  refrigeration  is  the  result  of  the 
extraordinary  enlargement  of  the  peripheral  bloodvessels  affected  by  the  heat, 
whence  increased  size  of  the  blood-stream  with  a local  retardation  of  the  circula- 
tion almost  up  to  the  point  of  stagnation,  partly  because  cooled  blood  runs  much 
more  slowly  through  the  tissues:  in  which  condition  loss  of  heat  is  specially  in- 
creased, the  more  so  if  the  epidermis  is  removed.  The  enlargement  of  bloodvessels 
takes  place  independently  of  nervous  intluence,  as  well  of  vaso-motor  nerves  as  of 
the  ganglionic  apparatus  in  the  walls  of  bloodvessels ; it  occurs  rather  in  conse- 
quence of  a diminution  or  abolition  of  the  elasticity  of  the  vessels  and  of  the  adja- 
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cent  connective  tissue,  and  in  the  larger  bloodvessels  also  by  heat  rigidity.  Death 
results  partly  in  consequence  of  great  cooling  of  the  blood,  which  lowers  the  excita- 
bility of  the  heart  and  that  of  the  central  nervous  system,  partly  in  consequence  of 
the  greater  paralysis  of  the  heart  produced  by  increase  of  the  vascular  area.  In 
a similar  way,  and  not  at  all  by  the  retention  of  oeitain  substances  in  the  body  in 
consequence  of  arrested  function  of  the  skin,  shorn  and  varnished  animals  die  with 
enormous  reduction  of  their  body-heat.  (Lasciikewitsch,  Arch.  f.  Anat .,  etc.. 
18(18,  p.  (51.) 

Among  means  of  depressing  temperature  also  belongs  the  fast-binding  of  animals, 
a measure  employed  in  experiments,  and  hence  practically  important  (Horvath, 
Billroth*.  This  acts  partly  by  producing  almost  perfect  muscular  quietude,  partly 
by  exercising  the  same  influence  as  simple  exposure  of  parts  of  the  body  which  are 
usually  protected  (especially  the  abdomen) ; thus  increasing  the  loss  of  heat.  The 
less  constant  body-heat  of  auimals  acts  as  an  obstacle  to  quickly  obtaining  conclusive 
results  in  these  experiments.  Furthermore,  according  to  AIaxassein  (Arch.  f.  Phys, , 
TV.,  p.  283),  the  reduction  of  temperature  (0.81°  C. ) produced  by  swinging  a rabbit 
in  a certain  way,  for  a period  of  fifteen  minutes,  does  not  depend  upon  increased 
loss  of  heat,  especially  because  the  minimum  temperature  is  not  attained  until 
thirty  minutes  after  cessation  of  swinging.  Swinging  produces  a diminution  of 
temperature  also  in  feverish  animals,  though,  like  all  other  means,  producing  less 
effect  when  the  body-heat  is  increasing  than  at  the  time  of  a fall  of  temperature. 

Diminutions  of  temperature  iu  morbid  conditions,  apart  from  unimpor- 
tant and  transitory  elevations  and  depressions  (p.  60(5),  may  best  be  consid- 
ered under  the  heads  of  such  as  occur  in  the  chill,  in  febrile  heat,  and  in 
collapse.  Doubtless  these  three  states  are  variously  composite  groups  of 
functional  disturbances  and  of  chemical  and  histological  alterations  as  well, 
among  which  anomalies  of  temperature  are  most  apparent,  and  appear  to 
play  the  most  important  part.  Many  of  the  phenomena  depend  directly 
upou  the  condition  of  animal  heat,  and  in  many  cases  the  most  important 
alterations  are  those  which  may  be  directly  referred  to  this.  On  the  other 
hand,  some  of  these  alterations  maybe  more  or  less  independent ; they 
depend  directly  upon  the  cause's  of  the  disease,  and  exert  an  influence  upon 
the  temperature,  as  for  example,  many  of  the  previously-described  anomalies 
of  circulation,  respi ration,  and  of  the  nervous  system.  Still  the  influence  of 
modifications  of  temperature  upon  the  conditions  in  question  is  in  most 
cases  a much  more  decisive  one  than  that  of  any  other  process.  Thus  a 
disorderly  arrangement  of  facts  is  made  impossible,  and  we  are  struck  with 
the  great  conformity  to  law  existing  in  the  relations  betw.  en  constitutional 
anomalies  and  variation  of  temperature ; and  this  conformity  to  law 
appears  the  more  distinct  the  more  carefully  and  precisely  we  observe 
disease. 


Thus  the  chill  presents  itself  as  a complicated  introduction  to  certain  forms  of 
disease  : in  some  it  almost  invariably  appears,  in  others  it,  shows  itself  only  with  a cer- 
tain intensity  of  the  affection,  and  in  predisposed  individuals.  When  the  last  factor 
is  strongly  developed  chills  may  make  their  appearance  at  times  when,  and  in  diseases 
in  which  they  are  usually  absent.  Chilliness  shows  itself  most  surely  when  the  tem- 
perature  of  the  trunk  rapidly  rises,  so  that  there  is  produced  in  a short  time  a marked 
contrast  with  the  temperature  of  the  extremities ; a contrast  whose  immediate  re- 
moval is  prevented  by  the  above-described  simultaneous,  or  almost  simultaneous  dis- 
orders of  circulation.  But  the  chill  is  not  inseparably  united  to  these  conditions,  and 
does  not  always  come  on  when  they  are  present. 

In  spite  of  marked  contrast  of  temperature  it  may  remain  absent  in  individuals  of 
slight  personal  susceptibility,  and  on  the  other  baud  may  arise  in  susceptible  jnsrsons 
without  any  such  contrast;  just  as  healthy  persons,  or  those  who  believe  themselves 
well,  begin  to  shiver  when  exposed  to  various  degrees  of  cold.  Its  (the  chill)  impor- 
tance for  the  regulation  of  heat  consists  in  that  during  its  continuance  (especially 
during  the  prevalence  of  the  pyrogenetic  stage,  in  which  the  characteristic  phenom  -ua 
of  chill  disappear),  as  well  as  just  before  the  hot,  stage  proper,  the  loss  of  heat  is  limit- 
ed, and  that  just  at  a time  when  the  febrile  changes  in  metamorphosis  and  the  heat- 
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producing  processes  are  iu  operation,  and  when  abnormal  sources  of  heat,  as  the 
muscles  (shivering,  chattering  of  the  teeth),  are  producing  copiously.  Even  with  a 
less  complete  development,  though  with  as  long  a duration,  this  stage  may  be  the 
cause  of  marked  accumulation  of  heat,  though,  to  be  sure,  this  is  by  no  means  suffi- 
cient to  explain  the  hot  stage  as  a whole. 

In  the  HEAT  of  fever  there  undoubtedly  exists  a certain  relative  equilibrium,  though 
not  an  equilibrium  at  the  level  of  normal  conditions,  but  one  which  is  determined  by 
the  newly-introduced  pathological  processes ; hence  sometimes  largo  variations, 
though  always  with  a return  to  a greater  or  lesser  elevation  of  temperature,  at  other 
times  a most  remarkable  constancy  of  body-heat  (within  a few  tenths  of  a degree),  in 
the  so-called  regular,  continued  or  remittent  course  of  fever,  in  paroxysms  of  inter- 
mittent fever,  etc.  If  such  a relative  equilibrium  is  gradually  established,  and  if  it 
remains  tolerably  constant  in  spite  of  increase  of  the  body-heat,  it  is  conceivable,  in 
accordance  with  what  has  been  said  above,  that  phenomena  of  chill  should  be  want- 
ing. During  febrile  heat  there  is  a disproportion  between  abnormally  increased 
formation  and  the  not  proportionately  increased  loss  of  heat.  At  the  same  time,  the 
giving  off  of  heat  at  the  height  of  the  fever  may  be  always  greater  than  normal 
( Leyden),  and  occasionally  even  greater  than  the  febrile  heat-production  (Senator); 
but  there  may  also  temporarily  occur  a restriction  of  the  loss  of  heat.  Since  the 
same  condition  of  heat-production  is  simultaneously  possible,  the  disproportion  be- 
tween the  two  is  not  at  all  times  strongly  marked. 

During  defervescence,  especially  when  it  is  accompanied,  as  usual,  by  profuse 
sweating,  the  loss  of  heat  is  much  increased ; and  by  this  means  the  snperlluous  heat 
which  has  accumulated  during  the  height  of  the  fever  is  removed,  and  providing  that 
the  equalization  is  a complete  one,  the  equilibrium  of  the  normal  state  is  restored.  In 
this  stage  the  other  symptoms  produced  by  the  febrile  rise  of  temperature  also  sub- 
side. 

Collapse  takes  place  in  feeble  states  of  the  circulation,  and  its  appearance  is  cer- 
tainly very  much  favored  by  the  occurrence  of  large  losses  of  heat,  whether  heat- 
production  be  normal,  or  increased,  or  diminished.  When  there  is  debility  of  the 
heart,  the  heat  produced  in  the  interior  of  the  body  cannot  be  carried  out  to  peripheral 
parts  in  a normal  manner,  and  it  is  in  those  parts  where  the  loss  exceeds  the  supply. 
In  case  of  simple  large  losses  of  heat,  together  with  transitory  feebleness  of  the  heart, 
the  prognosis  is  favorable,  but,  on  the  contrary,  it  is  unfavorable  when  the  circula- 
tory power  is  irreparably  weak. 

Collapse  appears  as  a relatively  primary  phenomenon,  during  the  operation  of 
severe  poisons,  as  well  as  iu  consequence  of  strong  impressions  upon  the  nervous 
system  ; furthermore,  during  the  intense  chills  of  congestive  (pernicious)  fever,  and 
to  a certain  extent  after  a fit  of  drunkenness.  It  makes  its  appearance  second- 
arily during  febrile  heat  under  the  operation  of  certain  intluences,  during  abundant 
losses  of  heat,  copious  sweats  coincident  with  weakness  of  the  heart,  in  predisposed 
individuals ; also  in  the  agony ; and  lastly,  during  the  transition  to  recovery,  espe- 
cially simultaneously  with  excessive  perspiration. 


C.  HISTORICAL  SKETCH  OF  RECENT  THEORIES  OF  FEVER. 

Consult  the  critical  account  by  Wunderlich,  Arch.  f.  Phys.  HeUk,  I.  et  II.— Th. 
Hirsch,  Die  Entwickelung  der  Fkberlthre,  etc .,  1870. — E.  Sequin,  Medical  Ther- 
mometry, , etc.,  N.  Y.,  1870. 

Among  all  the  various  chapters  of  pathology  there  is  none  which  reflects  so  clearly 
in  all  ages,  the  leading  ideas  of  the  dominant  systems  of  medicine,  as  the  then  existing 
conceptions  of  the  nature  and  causes  of  fever.  \\  UNDERLTCH  says,  “ 1 he  doctrine  of 
fever  has  always  been  the  mirror  of  pathological  systems,  but  it  has  also  always  been 
the  pathognomonic  symptom  of  their  imperfection.  The  ancient  doctrine  of  fever  is 
little  fitted  to  afford  an  explanation  of  the  nature  of  fever,  but  serves  rather  to  teach 
us  the  infirmities  under  which  the  pathology  of  that  day  was  laboring.” 

Concerning  the  general  conception  of  fever  and  its  nature,  or  as  would  formerly  have 
been  said,  its  final  causes,  we  find  very  confused  ideas  enunciated  in  various  times, 
from  which  in  the  following  paragraphs  short  selections  are  made. 

Hi  I*  POC  HATES,  free  from  Jill  speculation,  attached  the  greatest  importance  to  the 
heat  observed  in  fever,  and  named  it  accordingly  ; he  designated  it  as  an  increase  of 
the  calida/n  innatam,  the  originally  present  heat,  the  principle  of  life.  This  concep- 
tion, although  modified  and  distorted  by  his  successors,  remained  dominant  for 
nearly  2,000  years,— until  toward  the  close  of  the  seventeenth  century. 
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During  the  middle  ages  the  minds  were  principally  occupied  with  the  humoral- 
astiological  side  of  the  question  ; there  were  added  ideas  concerning  changes  of.  and 
the  presence  of  foreign  materials  in  the  liquids  of  the  organism.  Thus,  acconling  to 
Fkknkl  (1531).  fever  is  a preternatural  heat,  thrown  from  the  heart  throughout  the 
whole  body.  Its  cause  is  threefold  : simple  increase  of  heut,  as  according  to  HIPPO- 
CRATES; then  heat  from  putrefaction,  and  heat  from  toxic  infection.  For  Para- 
cei.scs  (1(14$)  the  materia  peceana  in  fever  is  “sulphur  and  saltpetre,  hence  the 
disease  is  also  called  morbus  nitri  gulf  are  incentn .”  In  this  etiology,  which  was 
sought  more  or  less  exclusively  in  chemical  and  cheinico-humoral  processes,  the  fever 
itself  was  forgotten. 

Stahl,  according  to  whom  all  vital  processes  were  controlled  by  a single  principle, 
the  Soul,  conceived  fever  to  be  “ an  almost  conscious  motor,  secretory,  and  excretory 
act  for  the  removal  of  noxious  matters,”  by  which  the  general  circulation  was  made 
stronger  and  the  heat  was  increased  ; SYDENHAM  adding  the  aphorism,  “ fever  is  an 
instni ment  of  Nature,  by  means  of  which  she  separates  the  impure  parts  from  the  pure.” 
It  was  no  longer  important  to  answer  the  question.  What  is  fever  ? but  that  other. 
What  is  its  purpose  t This  doctrine  prevailed  duriug  the  whole  of  the  eighteenth 
century,  and  we  meet  with  it  even  now  among  the  laity  ; “it  passes  for  a sign  of 
deep  medical  philosophy  ” (WUNDERLICH).  Later  an  expression  was  found  which 
seems  not  less  insidious  than  the  abstract  picture  of  a keen  medical  intelligence  ; 
fever  was  called  a reaction  of  the  organism  against  noxious  matters ; it  waa  looked 
upon  as  an  universal  reaction,  just  as  inflammation  was  a local  reaction. 

The  first  results  of  the  application  of  the  new  doctrines  of  physics  to  the  organism 
were  the  propositions  which  the  Iatro-mechanists  of  the  seventeenth  and  eighteenth 
centuries  had  advancer!,  and  accordingly  their  school  represents  the  beginning  of 
positive  medicine.  They  abandoned  the  exclusive  regard  in  which  the  heat  of  fever 
was  held,  raised  the  pulse  out  of  the  symptom -group,  and  gradually  introduced  the 
movement  of  the  blood  into  the  notion  of  fever.  This  was  especially  brought  about 
by  Boerhaavb  and  his  school.  The  nature  of  fever  was  made  to  coincide  with  the 
immediate  cause  of  the  frequency  of  the  pulse,  was  sought  for  in  an  irritation  of  the 
heart,  or  of  the  vascular  system,  or  of  the  vascular  nerves,  or.  lastly,  by  a complete 
confusion  of  all  physiological  notions,  in  an  irritation  of  the  blood  ; in  diagnosis  the 
existence  of  fever  was  connected  with  the  single  phenomenon  of  frequency  of  the 
pulse,  and  upon  this  the  plan  of  treatment  was  made  dependant.  “ Sign  urn  pathog- 
nomirum  omnix  frbrix  eat  pulaua  aueta  r dodta*"  (.van  Syviktkn,  174.5).  It  cannot  be 
doubted  that  this  localization  of  fever  in  the  vascular  system  or  in  a part  of  it  afforded 
no  explanation  of  its  true  nature.  Fit.  Hoffmann  1 1 73Mt.  for  whom  fever  was  a gen- 
eral disease,  picked  out  the  condition  of  the  heart  and  bloodvessels,  and  applied  it  as 
principle  of  classification  to  the  whole  of  pathology.  He  at  first  distinguished  between 
the  “seat”  of  the  fever,  i.e.  of  the  febrile  symptoms,  and  “ starting- point”  of  the 
febrile  disease ; the  fonner  he  planed  in  the  heart,  and  besides  in  the  central  nervous 
system,  especially  the  spinal  cord  ; the  latter  he  found  in  various  organs,  most  fre- 
quently in  the  stomach  and  intestinal  canal.  Thus  it  would  seem  that  he,  among  the 
older  writers,  had  best  approximated  to  the  modem  explanation. 

Later  still,  the  displacement  of  the  theories  of  the  fluids  and  blood  by  the  nervous 
pathology  became  still  more  complete  ; certain  phenomena  were  more  generally  desig- 
nated as  functional  disorders  of  the  nervous  system.  Nevertheless,  assignment  of 
the  {tart  played  by  the  nervous  system,  its  centres,  the  liquids,  the  heart,  and  the 
bloodvessels,  was  arbitrarily  and  obscurely  made,  and  differently  set  forth  by  the 
various  authors.  Among  them  the  most  remarkable  is  CULLEN,  who  first  endeavored 
to  construct  a physiological  notion  of  what  occurs  in  fever;  and  in  so  doing  he  cer- 
tainly looked  upon  chill  and  heat  as  cause  nnd  effect,  and  thought  that,  in  fever,  a 
spasm  of  the  most  external  bloodvessels,  resulting  from  diminished  energy  of  the 
nervous  centres,  irritated  the  heart  and  arteries,  and  that  this  spasm  continued  until 
the  cramped  bloodvessels  became  relaxed  and  the  spasm  ceased.  In  this  the  expres- 
sion “spasm  ” does  not  mean  anything  more  than  a mechanical  condition. 

Haller's  discovery  of  the  irritability  of  muscular  fibres  led  in  the  most  remark- 
able way  to  the  recognition  of  irritability  as  a mode  of  life,  nnd  to  the  interpretation 
of  disease  and  of  fever  as  changes  in  this  property.  The  Brownian  system 
w'hich  for  a very  long  time  reigned  in  undisputed  sovereignty  throughout  Germany 
originated  in  this.  Brown  saw  in  all  morbid  states  only  a departure  from  the 
average  irritability  brought  about  by  too  great  or  too  slight  irritation, — sthenia  or 
asthenia ; sthenic  diseases  with  accelerated  pnlse  constituted  the  pyrexias.  asthenic 
diseases  with  the  same  pulse  were  the  fevers ; and,  consequently,  these  affections 
were  treated  by  means  of  irritants.  Brownism  was  only  supplanted  toward  the  end 
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of  the  eighteenth  century  by  the  numerous  systems  sprung  from  natural  philosophy 
which  on  the  one  hand  added  to  sensibility  and  irritability  (with  a perversion  of  the 
original  signification)  reproduction  as  a third  factor,  and  in  a somewhat  arbitrary 
manner  referred  all  diseases  to  one  of  the  three  systems ; and  which,  on  the  other 
hand,  taught  that  an  explanation  of  all  diseases,  and  of  fever  in  particular,  was  to  be 
found  in  a mistaken  application  of  the  doctrine  of  polarity.  In  this  way  there  ensued 
such  an  incredible  confusion,  that  it  would  be  useless  to  make  a closer  examination, 
because  from  all  these  speculations  there  was  no  advance  gained  for  science  in  general, 
and  for  the  doctrine  of  fever  in  particular  : one  definition  may  be  worth  while  giving 
as  an  example.  M a iters,  who  had  previously  adhered  most  strictly  to  Ilrownism, 
says,  in  1807,  “ Fever  is  always  an  affection  of  the  electrical  element  in  arteriality,  by 
which  this  is  made  to  contract.”  All  fevers  were  diseases  of  irritability,  and  inflam- 
matory states ; they  were  distinguished  only  by  the  fact  that  inflammations  proceed 
from  organs,  fevers  from  the  system  generally ; he  admitted  a lymphatic,  arterial, 
venous,  and  nervous  fever. 

As  the  result  of  so  many,  nearly  always  perfectly  useless  inquiries  into  the  symptom 
and  nature  of  fever,  many  became  persuaded  that  the  question  under  discussion  was  not 
capable  of  being  solved.  Lieutaud  begins  by  saying:  “What  fever  essentially  is, 
is  as  yet  enshrouded  in  the  deepest  darkness  for  human  ej'es.”  Peter  Frank  does 
not  trouble  himself  to  give  a definition  of  fever  in  general,  but  says:  “ Febrium  origo 
et  ratio  proxima  profundius  quam  ut  oeulo  mortali  distingui  valent  delitescit.”  “ Fe- 
bris  certorura  potius  morborura  umbra  quam  ipse  morbus  est.” 

In  the  meanwhile  an  improved  state  of  knowledge  had  begun  to  show  itself  in 
France  under  Pin  el,  and  later  under  BiiOTJSS  Vis.  Pixel  passes  rapidly  over  the 
general  definition  of  fever,  as  it  had  been  previously  arbitrarily  deduced  from  the 
general  ideas  of  a system,  and  says  : “We  must  take  care  not  to  set  up  fever  as  a 
reality,  or  to  study  and  define  it  as  something  independent.  Fever  is  a purely  ab- 
stract notion.”  It  had  been  the  custom  to  distinguish  between  fevers  and  febrile 
diseases.  By  the  former  were  meant  acute  affections,  in  which,  at  the  beginning  at 
least,  fever  was  the  chief  phenomenon  (essential  or  simple  fever),  in  which  one  part 
of  the  body  was  not  mainly  involved  ; the  latter  included  local  diseases  with  febrile 
symptoms,  which  appeared  subordinate,  secondary,  and  complicating,  and  which 
were  thought  to  accompany  the  local  affection.  Pixel  was  the  first  to  endeavor  to 
ANALYZE  the  single  symptoms  in  the  forms  of  diseases  considered  as  units  by  tradi- 
tion, in  order  to  learn  what  were  the  elementary  phenomena,  and  he  was  thus  enabled 
to  give  to  the  genera  of  fever  sharper  and  simpler  characters  than  was  possible  before 
him,  and  to  which  ho  felt  himself  obliged  to  return  in  his  observations — a half  step 
only,  because  the  physiology  of  the  day  did  not  permit  a deeper  insight.  In  another 
way,  however,  lie  made  a remarkable  progress,  following  the  general  anatomy  now 
for  the  first  time  formulated  by  Bichat,  by  classifying  fevers  according  to  the  appa- 
rently most  affected  organic  system,  and  by  establishing  the  similarity  of  phenomena 
in  case  of  affection  of  parts  having  a similar  texture.  His  histological  division 
of  fevers  (/'.  angiotenica — with  tension  of  bloodvessels,  f.  inetiingo-gastriea,  f.  culcno- 
meninym — mucous  fever./,  adynamicn , f.  atactica — with  nervous  symptoms,/,  arteno- 
tmr-cosa — with  glandular  affections)  was  undoubtedly  incomplete  and  capricious,  but 
it  served  to  point  out  the  way  in  which  histology  might  be  made  useful  to  practical 
medicine  in  the  future. 

Pixel’s  doctrine  of  fever  gave  the  impulse  to  the  rapid  development  of  French 
pathology  under  Broussais  and  his  so-called  physiological  school,  which,  however, 
soon  recognized  the  weak  points  in  the  doctrine,  and  combated  it  with  success.  B. 
borrowed  from  the  Brownian  school  the  notion  of  irritation,  but  soon  identified  this 
with  active  congestion  and  even  with  inflammation  itself,  thus  confusing  these  three 
conceptions.  According  to  him,  fever  is  an  irritation  of  the  heart,  produced  by  irri- 
tation of  other  organs,  most  frequently  the  intestinal  canal.  It  did  not  escape  him 
that  in  acute  febrile  diseases  neither  the  organism  as  a whole  nor  a single  organ  is 
affected,  but  that  usually  several  organs  perform  their  functions  badly,  an  observa- 
tion which,  before  him,  had  led  to  the  creation  of  arbitrary  forms  of  disease  which  he 
strongly  combated.  lie  recognized  that  these  were  composed  of  a group  of  elemen- 
tary disorders.  As  a bond  of  union  which  should  combine  the  phenomena  in  the 
various  organs  and  govern  their  sequence,  he  advanced  his  notion  of  sympathies,  by 
which  the°variou8  parts  of  the  body  are  united,  and  through  whose  excitement  by  the 
primary  irritation  the  secondary  effects  (irritations)  are  produced.  The  heart,  in- 
testinal canal,  and  the  brain  were  distinguished  by  the  strongest  sympathetic  union; 
any  febrile  irritation  of  one  of  these  parts  called  forth  a sympathetic  irritation  of 
these  organs.  And  yet,  the  irritation  by  its  transfer  to  another  organ  did  not  change 
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its  nature;  consequently  the  sympathetic  irritations  of  the  above-named  organs  always 
had  a shade  of  inflammation.  Lastly,  intimately  united  with  these  views  was  his 
doctrine  of  the  non-essential  nature  of  fever,  with  respect  to  which  he  tried  to  prove 
that  the  starting-point  of  variously  complex  symptom-groups  of  the  formerly  so-called 
essential  fever,  was  to  be  sought  for  in  a local  affection,  particularly  of  the  intestinal 
canal, — a gastro-enteritis.  These  doctrines  were  seized  upon  with  avidity,  hut  were 
also  energetically  disputed,  to  the  great  advancement  of  science,  which  was  thereby 
led  away  from  the  caprice  of  the  usual  grouping  of  symptoms  to  the  study  of  posi- 
tive objects, — the  exact  observation  of  anatomical  changes  in  the  various  organs.  At 
this  time  exact  observation  began  to  take  the  place  of  phrases.  Especially  with 
regard  to  fever,  the  fact  was  made  known  that  material  changes  were  present  every- 
where. A persevering  use  of  Pinki/s  method  of  analysis  led  to  the  result  that  each 
individual  local  or  febrile  symptom  was  comprehended  in  its  isolated  significance, 
that  in  special  cases  it  was  attempted  to  discover  the  relation  which  the  morbid 
states  bore  to  one  another  and  to  the  morbid  cause,  and.  lastly,  that  by  the  help  of 
physiology  and  of  sctneiological  aids  progress  was  made  in  the  diagnostic  recognition 
and  naming  of  these  conditions.  Thus  observation  was  henceforth  diverted  from 
the  half  capricious  specific  morbid  ontology  of  former  times  to  individual  diseases. 

The  study  of  pathological  anatomy  placed  medicine  in  the  rank  of  the  exact 
sciences.  From  that  time  on  further  demands  were  made  on  observation  and  theory  ; 
it  became  henceforth  necessary  that  the  phenomena  during  life  and  in  the  corpse 
should  lx*  noted  with  minuteness  and  exactitude,  and  that  new  knowledge  should  be 
accumulated  in  place  of  the  older  and  almost  useless  records.  The  bases  of  Pixel’s 
genera  of  fevers  crumbled  more  and  more  under  the  sympathies  and  the  gastro- 
enteritis of  BRorssAjK.  and  in  its  stead  was  placed  by  Um  n.i.At  n the  angio-carditis, 
which  was  supported  by  the  anatomical  researches  of  HrktoxnkaI'.  Loris,  Amaral, 
t ut  ykimisru,  liorssKAU,  BoriLi.Ai'O.  and  which  was  to  be  treated  by  venesection 
coup  tni r c<»tp ; while  the  physiology  of  fever  was  for  a time  wholly  ignored.  We 
consequently  now  meet  with  some  more  highly  unrefresbing definitions.  For  Roche 
fever  is  only  a word,  by  which  increased  frequency  of  the  pulse  and  heat  are  desig- 
nated; Gkmmci.n  calls  fever  a disorderly  disturbance  of  various  functions;  Loris 
designates  fever  as  a conventional  term  for  chill,  febrile  heat,  perspiration,  and 
changes  of  the  pulse ; Piokry  states  that  it  generally  cannot  be  at  all  explained  ; and 
Anurai,  does  not  enter  into  any  discussion  of  its  nature  Nevertheless,  the  opinion 
gradually  became  current  in  the  third  decade,  that  in  fever  the  blood  was  altered, 
more  especially  in  typhoid  fever.  This  was  after  G A HP  ARP  had  already  in  1S23 
attempted  to  demonstrate  the  effect  of  the  state  of  the  blood  upon  symptoms  of 
disease.  Amaral  and  Gavahkbt  first,  placing  themselves  upon  a general  stand- 
point. showed  in  1 HtO  that  there  was  not  present  m fever  a specific  condition  of  the 
blood,  and  also  that  the  assumption  that  such  a state  modified  the  symptoms  of  fever 
was  inadmissible;  the  more  so  as  febrile  symptoms  appeared  fully  developed  in 
intermittent  fever  without  any  alteration  of  the  blood.  They  suggested  at  the  same 
time  that  the  explanation  of  fever  was  to  1ms  sought  for  in  something  else.  After- 
ward li RtsoLLK,  even  in  ISIS,  thought  the  origin  of  fever  was  sometimes  in  a local 
inflammation  or  functional  disorder  of  an  organ,  sometimes  in  changes  in  the  blood, 
and  explained,  just  like  the  writers  of  the  previous  fifty  years,  that  we  did  not  know 
and  could  never  expect  to  learn  how  it  originated. 

During  this  great  advance  of  science  in  France,  the  German  pathologists  during 
the  first  jsirt.  of  the  nineteenth  century  were  still  worrying  themselves  with  specula- 
tions upon  fever  considered  as  an  abstract  generality,  and  we  meet  with  such  even 
later.  V nder  the  domination  of  natural  philosophy  the  notion  had  developed  that 
diseases,  which  in  imitation  of  the  descriptive  natural  sciences  had  been  grouped  in 
artificial  or  seemingly  natural  classes,  genera,  and  species,  were  not-  to  be  looked 
upon  as  abstract  ontologies,  but  as  actually  existing  essentialities  which  attacked  the 
organism  like  something  hostile.  Thus  it  was  that  to  the  natural  school  of  the  third 
decade  (Stark,  Jaiin,  les>  so  Sciioxi.KIX)  fever  appeared  the  chief  means  of  reaction 
of  the  organism  against  disease,  of  which  reaction  the  organism  made  use  to  throw 
out  critical  evacuations,  and  by  means  of  these  to  get  rid  of  the  disease  itself,  and  in 
this  connection  the  three  stages  of  invasion,  reaction,  and  crisis  were  distinguished. 
German  physiologists  were  the  first  to  lead  minds  back  to  the  study  of  phenomena 
and  to  a reasonable  comprehension  of  them,  after  they  had  lieen  for  a long  time  set 
aside,  as  was  thought  justifiable  in  fever;  “the  prototype  of  disease,  in  which  the 
development  of  an  ideally  parasitic  organism  takes  place  most  clearly,  most  legiti- 
mately, ami  most  uniformly  ” (Carrs),  strictly  from  the  laws  of  healthy  life.  Reforn; 
first  started  in  the  study  of  intermittent  fever  ; the  opinion  gradually  gaining  ground 
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that  the  nervous  system  is  to  a large  extent  concerned  in  the  development  of  this  dis- 
ease. Strangely  enough,  SciiOnlkin  and  Sachs,  adopting  Autkniueth’s  idea  that 
the  course  of  many  diseases,  especially  intermittent  and  typhoid  fevers,  was  to  be 
sought  for  in  the  ganglionic  nervous  system,  to  which  since  the  time  of  BlCHAT  an  im- 
portant and  independent  rale  had  been  assigned,  suggested  that  the  former  disease 
should  be  stricken  from  the  list  of  fevers  ; ami  it  was  discussed  whether  it  was  a fever 
or  a neurosis.  Chiefly  through  Kuemers,  who  had  observed  the  frequency  of  spinal 
pain  in  intermittent  fevers,  the  opinion  gained  ground  that  the  seat  of  this,  and  conse- 
quently the  seat  of  even  the  non-typical  febrile  phenomena,  was  to  be  placed  in  the 
central  organs,  or,  rather,  in  the  spinal  cord.  The  same  opinion  had  previously  and 
simultaneously  been  expressed  in  France  (Georoet,  Bayer,  Ollivier,  Maillot), 
though  not  much  attention  had  been  paid  to  it. 

The  physiological  treatise  of  J.  Miller  contributed  in  an  important  manner  to 
rendering  ideas  clearer,  and  to  the  revolution  in  opinions  by  the  following  laws. 
“ The  modifications  of  sensation,  motion,  and  of  organic  functions,  excretion  and 
production  of  heat,  which  are  characteristic  of  fever,  are  only  comprehensible  by  the 
participation  of  such  an  organ  ns  the  spinal  cord.  Since  fever  is  produced  by  nothing 
so  easily  as  by  changes  in  the  activity  of  capillary  vessels  in  any  part,  it  is  very 
reasonable  to  suppose  that  in  fever  certain  impressions,  starting  from  a severe  affec- 
tion of  the  organic  nerves  of  any  part,  are  transmitted  to  the  spinal  cord,  and  thence 
reflected  through  all  the  nerves.”  “This  umbra  morbi , which  manifests  itself  in  so 
many  parts  of  the  body,  and  which  as  a rule,  perhaps  always,  has  a local  origin,  is 
not  simply  connected  with  changes  of  the  heart-beats;  it  exhibits  itself  in  a com- 
plexity of  symptoms  which  are  united  bound  together  only  by  means  of  the  spinal 
cord.”  After  the  enunciation  of  these  laws,  destined  to  reform  the  whole  doctrine 
of  fever,  it  only  remained  to  carry  out  in  detail,  by  future  investigations,  wluit 
MOllkk  had  shortly  and  in  a general  way  expressed. 

From  among  the  numerous  subsequent  neuro-pafchological  theories  of  fever,  it  may 
be  admissible  to  reproduce  one  (that  of  Wunderlich,  Arch.  f.  phy*.  Hcilk, .,  1ST!. 
II. , p.  (>),  with  some  details  concerning  its  leading  notions.  All  the  phenomena  which 
he  considers  as  belonging  to  the  febrile  condition  (such  as  general  mala  in e and  muscular 
weakness,  altered  sensibility  and  motility,  disordered  activity  of  the  brain  and  organs 
of  special  sense,  changes  in  the  circulation,  respiration,  and  digestion,  as  well  as  in 
the  secretions  and  in  nutrition,  the  altered  objective  conditions  of  temperature,  as 
well  as  the  subjective  sensations  of  chill  and  heat)  stand  in  causal  relation  to  one 
another ; they  constitute  an  essential  physiological  unit,  which,  notwithstanding 
that  its  substance  corresponds  only  partially  with  the  usual  changing  and  various 
views  of  practice  and  of  nosologies,  is  still  supported  by  facts.  This  being  so, 
“ fever  ” is  consequently  a grouping  (complex)  of  associated  symptoms,  which  are  pro- 
duced by  a common  cause,  viz.,  an  altered  activity  of  the  nervous  centres,  of  the 
spinal  cord  chiefly ; probably  owing  to  a material  change  at  that  time  wholly 
unknown.  In  the  spinal  cord  there  arises,  sometimes  directly  and  primarily  (as  yet 
remains  to  be  proven  by  direct  observation),  sometimes  in  a reflected  manner  from 
other  nervous  parts,  central  or  peripheral,  sometimes,  lastly,  by  the  action  of  altered 
composition  of  the  blood,  a kind  of  “irritable  weakness,”  that  is  to  say,  astute  of 
heightened  impressibility  in  which  slight  impressions  are  easily  perceived  and 
reflected,  as  well  as  always  felt  in  an  exaggerated  manner,  and  in  which  movements 
following  the  action  of  a cause  are  easily  interfered  with  by  associated  movements, 
and  they  are  in  great  part  removed  from  under  the  influence  of  the  will.  If  this  con- 
dition is  aggravated  by  continued  irritation,  there  at  last  occurs  a spontaneous 
explosion  of  morbid  sensations  and  movements— which,  subjectively,  does  not  recog- 
nize an  external  exciting  cause,  and  in  which,  on  the  contrary,  the  centres  seem  to 
be  wholly  insensible  to  external  impressions— the  period  of  chill.  After  this  there 
ensues  a’  state  of  fatigue,  dulness,  and  even  torpor,  which  when  it  is  moderate  again 
causes  increased  susceptibility,  but  which  when  more  severe  shows  itself  as  a true, 
or  paralytic  weakness.  The  hot  stage,  which  in  the  great  majority  of  cases  ensues,  is 
characterized  by  the  cessation  of  that  condition  of  the  spinal  cord  which  was  at  its 
height  during  the  chill,  and  must  be  attributed  to  the  development  of  local  affections 
which  keep  up  the  morbid  state  of  the  spinal  cord.  If  the  remaining  organs  remain 
free  from  disease,  the  affection  terminates  in  a short  time,  but  it  may  be  increased  by 
the  development  of  marked  localizations  ; and  a prolonged  continued  fever  is  never 
met  with,  unless  such  foci  of  disease  are  present.  The  special  emphasis  which  is  laid 
upon  the  hypothetical  affection  of  the  spinal  cord  in  the  fundamental  notions  of  the 
theory,  is  employed  by  W.  only  for  the  exposition  of  the  analogues  of  fever,  which, 
notwithstanding  their  "analogy  to  fever,  are  excluded  from  it  in  practice ; as  such  may 
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be  named : intermittent  pain,  so-called  spinal  irritation,  tetanic  attacks  after  injuries, 
morbid  reflex  movements  under  certain  circumstances,  neuralgia  and  spasm,  nervous 
palpitation  of  the  heart,  and  nervous  delirium.  The  central  affection  may  be  gener- 
alized. or  may  be  limited  to  one  part,  and,  consequently,  the  phenomena  dependent 
upon  it  may  be  general,  or  may  appear  in  some  parts  of  the  body  only ; in  which  latter 
case  the  motor  or  the  sensory  apparatus,  or  even  a single  nerve-trunk,  might  be  af- 
fected. and  the  further  results  (disorders  of  heat,  secretion,  of  circulation)  be  modified 
or  not  appear  at  all.  In  practice  we  preferably  call  fever  the  general  uniform  affec- 
tion, while  we.  separate  from  it  that  which  is  really  or  apparently  partial,  and  the 
sooner,  the  more  it  differs  from  the  general  affection. 

What  WUSDEKHICH  says  of  the  varieties  of  fever,  or  about  fevers  with  especial 
reference  to  the  previously  flourishing  nosological  systems,  is  particularly  worthy  of 
notice.  “ All  attempts  to  arrange  the  interminable  modifications  of  febrile  diseases 
into  exact  classes  have  been  wrecked,  either  because  the  classes  were  set  up  without 
any  theoretical  knowledge,  or  because  a principle  of  classification  was  rigidly  adhered 
to.  Thus  species  have  been  retained,  some  of  which  are  unnatural  and  forced,  and 
others  which  allow  of  as  endless  modifications  as  the  fever  itself.  A great  error  was 
committed  in  thinking  that  a single  principle  of  classification  would  be  sufficient. 
Febrile  diseases  present  such  numerous  relations  and  aspect*  ; of  which  one  may  be  as 
important  as  the  other,  and  none  can  be  neglected  at  the  expense  of  the  others.  .Since, 
if  with  sufficient  knowledge  we  place  ourselves  at  all  the  various  stand-points  and 
study  fever  now  from  this  and  then  from  another  side,  wo  survey  and  comprehend  the 
subject,  and  are  elevated  above  the  rigid  species  to  which  bigoted  systematic  writers 
cling.  Rightly  understood  there  is  but  one  fever,  though  its  connections  are  various. 
Important  subdivisions  can  only  1*3  founded  upon  the  degree  of  fever,  its  duration, 
the  completeness  of  the  symptom-group,  the  mode  of  recurrence  (type),  and,  lastly, 
upon  the  part  of  the  central  organ  which  is  affected.  Besides  this  classification, 
which  relates  alone  to  the  symptoms  of  fever,  there  are  others  not  devoid  of  practical 
value  ; for  example,  that  according  to  the  general  picture  which  the  symptom-group 
offers  (Sen  iN I, kin’s  syuochal.  erethetic,  and  torpid  fevers)  or  that  according  to 
causes,  according  to  localizations  and  their  peculiarities,  according  to  the  state  of  the 
Wood,  according  to  the  degree  of  danger,  according  to  symptoms,  and  especially 
according  to  the  state  of  the  nervous  centres.  But  it  mast  not  be  forgotten  that  any 
classification  proceeding  only  upon  'me  principle  refers  only  to  one  aspect  of  febrile 
diseases,  and  that  if  one  makes  such  a classification  the  standard  and  allows  it  to  dom- 
inate his  judgment  and  his  thoughts,  it  is  raised  to  the  standard  of  a system,  and 
judgment  and  reflection  upon  concrete  cases  must  be  one  sided  and  false.'* 

It  is  unnecessary  to  detail  other  important  theories  founded  upon  the  same  princi- 
ple ; what  follows  must  suffice.  According  to  Wr/.K  (1842)  the  term  •‘fever"  is 
intended  to  desiguato  the  symptom-groups  which  occur  under  circumstances  whioh 
make  them  appear  as  the  reaction  of  a general  irritation  of  the  nervous  system,  and 
the  phenomena  of  which  show  themselves  especially  in  the  vascular  system  and  in 
the  vegetative  functions.  Hence  fever  consists  in  an  irritation  of  the  nervous  system 
which  does  not  involve  the  central  organ  directly,  but  through  the  medium  of  the 
sympathetic.  For  Sri  ess  (IS44)  this  tthe  sympathetic  nervous  system)  is  the  sole 
und  direct  excitor  of  fever,  and  is  itself  irritated  by  abnormal  substances  in  the  blood  ; 
it  produces  fever  by  its  own  independent  power,  and  all  cerebro- spinal  manifestations 
art*  secondary.  11  KNEE  (1840)  reached  the  conclusion,  that  the  pathological  altera- 
tions.  in  consequence  of  which  febnle  symptoms  arise,  are  to  be  looked  for  usually 
in  the  spinal  cord,  and,  when  the  special  senses  aud  ]«syehical  activity  are  much  dis- 
turbed. in  the  brain  as  well.  Fever,  as  such,  is  not  a general  disease,  nor  a disease 
of  the  blood,  but  an  affection  of  the  nervous  centres.  According  to  Stuxino,  this 
morbid  state  is  produced  by  a foreign  substance  which  is  alrsorbed  by  the  blood,  and 
by  the  circulation  of  the  infected  blood,  accumulations  of  blood  arc  produced  in  the 
vcs-.  N of  the  spinal  cord.  In  18411  F.isenmvnx  explained  fever  by  saying  that  it 
consists  in  au  irritation  and  subsequent  foebleness  of  the  vaso- motor  centre,  caused 
either  by  altered  blood  or  by  a peripheral  irritation.  In  the  same  year  Heine  stated 
that  the  irritation  of  the  spinal  cord  in  fever  was  always  the  result  of  a change 
in  the  whole  blood.  Stannies  derives  all  the  symptoms  from  an  affection  of  the 
sptual  marrow,  but  places  the  true  origin  of  the  fever  in  the  blood  or  peripheral 
nerves,  1 et  ever  so  many  of  the  most  important  of  the  neuro-pathological  views  of 
the  fourth  decade  weut  to  wreck  on  the  fact,  that  the  hypothetical  lesion  in  the  cen- 
tral nervous  organ  was  not  demonstrable. 

'Ihe  simultaneous  labors  in  the  field  of  organic  chemistry  (Liekki)  must  have 
exerted  some  influence  upuu  the  views  of  fever.  LlKBto’s  own  theory  (1812)  was  foi- 
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lows.  If  in  consequence  of  a morbid  change  of  parts  of  the  living  body  an  amount  of 
force  is  produced  greater  than  is  necessary  for  normal  movements,  there  necessarily 
ensues  an  augmentation  of  a few  or  of  all  organic  movements,  and  in  consequence  we 
have  increased  temperature,  that  is  to  say  fever.  The  superfluous  force  which  can 
only  be  consumed  iu  motion  is  transformed  into  voluntary  movements,  and  so  pro- 
duces the  febrile  paroxysm.  (}.  Hruscu  remarked  in  18411 : The  fundamental  symp- 
tom of  fever  is  heat,  produced  by  increased  rapidity  of  the  process  of  combustion  in 
the  capillaries,  and  is  thus  a purely  chemical  process.  The  chill  is  a nervous  symp- 
tom and  represents  the  reaction  of  the  nervous  system  to  a sudden  impression,  and  is, 
furthermore,  only  something  accidental.  There  is  no  reason  to  look  for  the  immedi- 
ate cause  of  fever  in  the  nervous  system.  The  importance  of  increased  metamorpho- 
sis was  likewise  insisted  upon  by  Ph.  von  Walther.  Naitmann,  and  others. 

The  older  neuro-pathological  theories  of  fever  were  finally  overthrown  by  the 
renewed  application  of  tuermomktrioal  measurements,  by  means  of  which  the 
fact  that  the  body-heat  is  constantly  raised  in  fever  was  placed  upon  a secure 
foundation,  not  to  be  shaken  by  any  of  the  changes  of  theoretical  views. 

It  was  natural  that  the  attention  of  investigators  should  be  next  directed 
to  the  investigation  of  the  causes,  the  nature,  and  the  mode  of  origin  of  the 
febrile  rise  of  temperature.  Zimmkrmann  constantly  looked  for  these  in  local- 
ized inflammatory  processes,  an  opinion  which  has  been  rejected  as  erroneous  from 
all  quarters.  It  seemed  most  probable  to  Trauue  (1851,  Vharite-Annal.,  II., 
p.  109),  that  the  increase  of  animal  heat,  which  is  certainly  in  greater  part  the 
result  of  a process  of  combustion  excited  and  kept  up  by  the  oxygen  inhaled, 
is  brought  about  by  a weakness  or  paralysis  of  the  regulatory  centre  for  the  heart, 
which  lies  in  the  medulla  oblongata  ; at  any  rate,  he  explained  the  reduction  of  tem- 
perature after  the  use  of  digitalis  to  an  excitation  of  this  centre,  and  the  consequent 
slacking  of  the  speed  of  the  blood,  with  which  the  supply  of  oxygen  must  be  dimin- 
ished. We  meet  with  a similar  conception  by  Virchow  (1854,  llandb.  d.  Path..  I , p. 
215).  Inasmuch  as  V.  considers  the  blood  as  the  vehicle  of  the  febrile  temperature, 
he  finds  the  sources  of  this  heat  to  be  exclusively  in  an  increase  of  the  prooess  of 
combustion,  in  which  it  is  not  at  all  necessary  that  with  the  entrance  of  larger 
volumes  of  oxygen  the  last  products  of  oxidation  of  oxidizable  substances  should 
leave  the  body.  The  final  cause  of  fever  is,  however,  not  to  bo  looked  for  iu  the 
products  of  decomposition  which  accumulate  in  the  blood,  or  else  fever  must  arise 
after  every  meal  by  reason  of  increased  combustion  For  febrile  heat  is  not  a mere 
increase  of  temperature,  but  a rise  of  temperature  having  a special  cause  ; and  this 
cause,  according  to  all  our  knowledge,  can  be  nowhere  but  in  the  nervous  system. 
With  respect  to  the  connection  between  the  nervous  system  and  production  of  heat, 
it  is  to  be  remembered  that  febrile  heat  must  be  looked  upon  as  the  result  of  increased 
innervation  of  the  nerves  which  serve  for  heat-production,  as  well  as  the  consequence 
of  diminished  excitation  ok  nehvous  MODERATORS;  the  latter  is  all  the  more 
probable,  because  the  whole  febrile  process  so  well  exhibits  the  characters  of  weak- 
ness or  of  paralysis.  Besides,  it  appeared  unreasonable,  bearing  in  mind  the 
increased  consumption  of  tissue  in  all  parts  of  the  body,  and  the  evidently  only 
secondary  acceleration  of  the  circulation,  to  localize  the  presumable  state  of  weak- 
ness of  the  regulatory  nervous  system  in  a small  part,  about  the  seat  of  origin  of  the 
vagus  nerve  ; the  assumption  of  a large  number  of  morbid  foci  in  the  nervous  system 
Beemed  most  probable.  Probably  at  the  origin  of  fever  we  have  to  do  with  a state  of 
abnormal  tension  in  these  nervous  centres,  produced  by  the  fever- exciting  cause,  and 
which  finds  no  escape  by  the  usual  channels.  The  more  the  power  of  the  moderating 
centres  is  imprisoned,  so  much  the  more  will  the  waste  of  tissues  and  consequently 
animal  heat  increase  ; the  longer  this  increase  lasts,  the  more  will  fever  become, 
what  it  was  not  at  first,  a general  disorder,  and  equally  so  whether  it  is  primarily 
produced,  i.r..  directly  through  an  alteration  of  the  nerves,  or  secondarily,  i.e.,  in 
consequence  of  a distinct  local  lesion. 

Claude  Bernard  also  (1859)  refers  fever  to  the  nervous  system,  but  considers  it 
an  affection  of  the  sympathetic  nerve  : the  chill  is  a phenomenon  of  excitation,  heat 
one  of  paralysis  of  this  nerve.  He  says  : when  after  section  of  the  cervical  cord  of 
the  sympathetic  on  one  side  the  temperature  of  the  head  and  the  blood- pressure  rise, 
temperature  and  the  blood-pressure  on  the  opposite  side  diminish,  it  would  seem 
as  if  the  organism  could  dispose  of  but  a certain  amount  of  force,  so  that  when  an  in- 
crease takes  place  upon  one  side  a decrease  must  occur  upon  the  other  In  fever  the 
sympathetic  is  iu  a similar  condition,  as  is  shown  by  those  cases  in  which  the  blood  in  the 
veins  flows  out  red  and  by  jets,  as  after  section  of  the  sympathetic,  and  in  which  there 
is  simultaneously  a marked  increase  in  the  temperature  of  peripheral  parts.  These 
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facts  can  only  be  explained  by  the  occurrence  in  fever  of  a state  of  equilibrium 
between  the  internal  and  external  production  of  heat ; and  there  does  occur  a com- 
pensatory diminution  of  temperature  in  the  chief  sources  of  animal  heat,  the  liver  (B. 
estimates  the  nonnal  temperature  of  the  hepatic  blood  at  41.6  C.),  and  intestinal 
tract.  Maket  (1863)  professes  his  belief  in  this  theory  of  nerve-paralysis  and  com- 
pensation of  heat,  and  adds  to  it,  that  with  dilatation  of  the  bloodvessels  increased 
flow  of  nutritive  material  from  the  blood  to  the  tissues,  and  greater  oxidation,  must 
occur.  In  opposition  to  this,  Sam  I KE  (Die  trophieche  Nerten,  I860)  designates 
fever  as  a condition  due  to  a general  state  of  irritation  of  trophic  nerves,  by  which 
the  increase  of  temperature  is  produced,  and  calls  attention  to  the  fact  that  the  symp- 
toms of  fever  are  wholly  absent  in  paralyzed  parts,  in  which  an  irritation  is  impos- 
sible. Furthermore,  Schikf  (1859)  maintains  against  Bernard’s  theory  that  we 
must  not  allow  ourselves  to  be  misled  by  the  deceptive  resemblance  of  symptoms  of 
paralysis  of  bloodvessels  to  those  of  congestion,  and  to  consider  chill  and  febrile  heat 
as  conditions  of  irritation  and  paralysis.  For  the  palsy  of  vascular  nerves,  which  of 
itself  causes  a rise  in  the  teinj>erature  of  the  affected  parts,  at  the  same  time  prevents 
the  action  of  any  local  changes  by  which  the  peripheral  temperature  is  increased.  If, 
for  example,  we  take  animals  whose  vascular  nerves  have  been  paralyzed  on  one 
side  by  section  of  the  corresponding  sympathetic  trunk,  and  excite  fever  in  them,  or 
overheat  them  by  continued  movements,  the  parts  which  in  a state  of  vuso-motor 
paralysis  are  warmer  in  the  non-febrile  or  quiescent  state,  become  cooler  and  less 
vascular  than  the  corresponding  normal  parts.  Hence,  8.  ooncl tides  that  besides 
vaso  constrictor  nerves  there  are  also  active  vaso -dilator  nerves,  through  whose  agency 
febrile  heat  is  produced,  just  as  the  chill  is  produced  by  the  action  of  the  vaso -con- 
strictors. Both  are  active  processes,  and  independent  of  one  another;  their  frequent 
association  only  makes  it  probable  that  the  irritations  have  a common  starting-point. 
Lastly,  Jacobs* >x  and  Leyden  ( ('cntrlbL  f.  d.  nud.  His*..  1870,  p.  259)  showed  that 
during  fever  the  difference  of  temperature  between  the  liver  and  the  rectum  fluctu- 
ates within  the  same  limits  as  in  the  normal  non-febrile  state,  and  that,  consequently, 
there  is  no  foundation  for  the  Bern  ard-Ma  KEY  hypothesis  of  equalization  of  tem- 
perature. On  the  other  hand,  Bernard’s  theory  seemed  supported  by  the  thermo- 
electrical  researches  of  H HLank EL  (Arch.  d.  HeUk.,  18$8, 321),  who  found  the  differ- 
ence of  temperature  between  the  temperature  of  the  axilla  and  that  of  the  surface 
of  the  body,  in  the  same  individual,  less  in  the  feverish  than  in  the  non-febrilo 
state. 

Although,  according  to  what  has  been  slated  above,  Virchow  was  also  led.  after 
a careful  consideration  of  all  known  factors,  to  lock  for  the  explanation  of  fever  in 
the  nervous  system,  it  may  still  be  doubted  whether  it  is  necessary  to  conceive  its 
activity  as  that  of  a directly  controlling  centre  which  modifies  the  production  of  heat 
and  the  amount  of  tissue- metamorphosis. 

Traubr’s  (1868,  compare  p.  662)  theory  of  fever  ascribes  to  the  nervous  system, 
instead  of  the  capacity  of  producing  heat,  that  of  checking  refrigeration,  by  a direct 
or  reflex  tetanic  contraction  of  the  small  arteries  ; it  also  maintains  the  utility  of  the 
skin  for  the  regulation  of  beat,  as  had  already  been  done  by  BeRGMAXN  in  1840.  If 
Trap  he's  view  were  correct,  it  would  no  longer  be  necessary  to  seek  the  hypothetical 
nerve-centre  which  regulates  metamorphosis ; while,  according  to  Bcimjk  (CetdrM. 
f.  d.  med.  HV.*s. , 18*14,  No.  35),  that  controlling  the  muscles  of  bloodvessels  seems 
to  have  been  found  in  the  crus  cerebri.  However,  t his  theory  encountered  almost  uni- 
versal opposition.  In  the  first  place,  Auerbach  (/>.  KWh.,  1864  > called  attention  to 
the  fact  that  increased  animal  heat,  may  be  caused  besides  by  (!)  increased  produc- 
tion, as  has  been  hitherto  generally  assumed,  and  (2)  by  diminution  of  loss  of  heat,  as 
Tu  lUBK  has  it ; also  by  i3>  increase  of  both  production  and  loss  with  preponderance 
of  the  former;  by  (4)  diminution  of  both  with  preponderance  of  the  latter;  by  (5)  in- 
crease of  production  with  diminution  of  loss  of  heat.  And  fever  is  not  a simple 
thing;  doubtless  these  various  conditions  may  occur  in  its  course  under  different  cir- 
cumstances, at  various  times,  and  in  various  parts  of  the  body,  and  the  different 
meaning  of  the  height  of  fever,  and  of  the  various  forms  of  fever,  may  be  dependent 
upon  these  factors,  lie  also  makes  the  objection,  that  although  the  blood  driven  out 
of  the  small  arteries  can  only  remain  in  the  capillaries  and  small  veins,  and  by  this 
the  loss  of  heat  must  be  ngain  increased,  yet,  on  the  other  hand,  the  increased  fre- 
quency of  respiration  and  of  the  pulse  produces  increased  cooling  by  the  lungs  and 
skin. 

Moreover,  if  the  skin  is  moist  and  sweaty  during  the  stages  of  heat  and  perspira- 
tion, which  last  much  longer  than  the  chill,  the  increased  loss  of  heat  is  evident. 
Lastly,  Auerbach  maintains  that  the  undoubted  increase  of  heat-production  probably 


692 


THEORIES  OF  LIIvBERMEISTER  AND  WACIISMUTII. 


results  chiefly  from  combustion  of  hydrogen,  which  is  furnished  by  the  fat  wlich  is 
rapidly  consumed  in  every  fever,  and  much  less  from  oxidation  of  carbon,  as  is  usually 
thought  Senator  rejects  these  assertions,  because  at  the  same  time  with  oxida- 
tion of  II  there  should  also  be  more  CO.,  produced,  which  is  not  the  case  ; and,  be- 
sides, these  products  of  combustion  cannot  be  increased  because  of  deficient  absorp- 
tion of  O.  WACIISMUTII  (Arch.  (I.  Ileilk. , 1805)  asserts  that  it  has  not  been  demon- 
strated that  a contraction  of  the  arteries  precedes,  in  point  of  time,  the  other 
phenomena  of  fever ; and  does  this  not  to  oppose  the  fact  of  contraction  of  the  small 
arteries,  but,  on  the  contrary,  against  the  reasoning  that  diminished  loss  of  heat  in 
fever  is  produced  by  this  narrowing.  And,  besides,  the  fever  continues,  and  the  body- 
heat  may  even  continue  to  rise,  when  the  skin  is  perspiring  profusely  and  the  loss  of 
heat  must  evidently  increase.  And,  then,  the  state  of  the  vascular  system,  proposed 
as  highly  characteristic  of  fever,  is  also  met  with  in  the  insane.  Lastly,  emaciation 
and  increase  in  the  excretion  of  nitrogen  were  inexplicable  without  increase  of  heat-pro- 
duction. which,  moreover,  was  sufficiently  established  by  Liebehmeistkr  ; so  that  a 
theory^  which  assumed  that  impeded  refrigeration  was  the  only  means  by  which  a rise 
of  temperature  of  febrile  origin  was  made  possible,  must,  at  all  events,  be  insufficient. 
Lie  bermeister  (1865,  Prag.  17-  rtc/jahrsch.,  LXXXV. ) showed  that  the  surface  of  the 
skin  in  fever-patients  during  the  heated  stage  possessed  a decidedly  higher  tempera- 
ture than  in  the  normal  state,  and  there  could  not  be,  as  required  by  Tit  Annie’s 
theory,  less  heat  brought  to  it ; and,  furthermore,  that  demonstrably  it  did  not  give 
off  less  but  more  heat  to  the  surrounding  medium  than  in  the  healthy  state.  The 
assumption  of  a contraction  of  the  muscles  of  bloodvessels  lasting  weeks,  such  as 
must  exist  in  long-lasting  fever,  was  in  contradiction  to  all  physiological  experience  ; 
and,  then,  besides,  the  fever-patient  should,  in  consequence  of  diminished  excretion 
of  urine  and  of  evaporation,  become  dropsical,  which  is  well  known  not  to  occur.  It 
is  only  during  the  stage  of  chill,  in  which  all  the  peripheral  arteries  are  actually  con- 
tracted, that  an  increase  of  animal  heat  may  thus  be  caused  by  diminished  loss  of 
heat ; but  .yet  there  is,  as  shown  with  certainty  by  his  researches,  an  increase  of  heat- 
production  in  fever,  both  in  the  period  of  chill  and  in  that  of  heat.  Immermann 
also  ( I ).  K Unite , 1865),  on  the  basis  of  calculations,  expressed  himself  in  favor  of 
Likbermeistkr’s  opinion,  that  with  an  elevation  of  temperature  amounting  to  I C. 
in  a grown  person  (even  in  a chill),  increase  of  heat-production  is  positively  to  be 
assumed,  a statement  which  to-day  almost  no  one  contradicts.  L.  concludes  with  the 
following  definition  of  fever:  “By  the  name  fever  we  designate  a symptom-group, 
at  the  foundation  of  which  is  an  elevation  of  the  temperature  of  the  body  produced 
by  a morbid  general  increase  of  metamorphosis.”  Finally,  Leyden  (compare  p.  607) 
has  overthrown  Trauise’s  hypothesis  in  the  most  positive  manner  by  the  direct 
demoustration  of  an  increase  in  the  giving  off  of  heat  by  fever-patients,  by  means  of 
calorimetric  experiments.  It  is  only  since  1808  that  through  Senator  some  of 
Traure’s  propositions  have  been  again  advanced  in  modified  form,  and  with  the  con- 
cession of  a moderate  increase  of  heat-production. 

After  the  rejection  of  Traube’8  theory,  it  appeared  necessary  once  more  to  deter- 
mine precisely,  for  the  explanation  of  the  processes  in  fever,  what  share  the  nervous 
system  had  in  their  development.  Wachsmutii  (1.  o.)  comes  to  the  following  con- 
clusions upon  this  point : Neither  increased  heat- production  nor  diminished  cooling 
can  of  itself  produce  fever.  If  either  alone  were  sufficient,  nothing  could  be  more 
easily  produced,  or  even  possibly  cured,  than  fever,  but  unfortunately  the  one  is  as 
difficult  as  the  other,  ltather  there  must  be  something  superadded  to  increased  heat- 
production  or  to  arrested  loss  of  heat, — the  suspension  of  physiological  compen- 
sation • in  other  words,  in  order  that  a person  shall  become  feverish,  it  is  necessary 
that  the  normal  capacity  of  compensation  for  changing  conditions  of  heat-production 
and  escape  of  heat  be  lost.  There  is  thus  present  in  fever  a disturbance  of  the 
regulation  OF  heat,  and  observation  of  patients  shows  that  of  the  two  possibilities, 
it  arises  by  increased  production  without  compensatory  increase  of  cooling  and 
not  by  checking  of  loss  of  heat,  which  leads  to  diminished  production  in  a compensa- 
tory manner.  Thus  is  it  in  the  stage  of  fever-heat.  However,  observation  of  fever- 
patients  teaches  further  that  physiological  regulation  may  not  only  be  insufficient,  or 
wanting,  but  that  a true  arrest  of  it  may  take  place.  The  last  is  brought  about  by 
Traure’s  contraction  of  the  smaller  arteries,  as  it  occurs,  for  example,  in  the  period 
of  chill.  The  stronger  and  more  distinct  this  contraction  is,  the  more  rapidly  a 
marked  rise  in  temperature  takes  place,  until  this  has  reached  so  great  a height  that 
the  arrest  is  overcome,  and  the  skin,  in  spite  of  its  insufficient  supply  of  blood,  is 
heated,  at  the  expense  of  internal  parts,  to  more  than  the  normal  degree.  At  tins 
time  radiation  from  the  surfaces  increases  in  obedience  to  purely  physical  laws.  If,  at 
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length,  the  arterial  spasm  is  relaxed,  the  functional  disorder  of  the  skin  ceases,  and 
the  final  lowering  of  temperature  occurs  with  or  without  perspiration.  According  to 
this  view,  the  sndden  and  rapid  increase  of  body -heat  is  not  the  cause  of  the  chill, 
but  the  changes  in  the  skin  which  accompany  it  cause  the  rapid  rise,  and  these  changes 
may  make  their  appearance  at  any  period  of  the  fever  except  when  the  great  degree 
of  heating  of  the  skin  prevents  contraction  of  bloodvessels.  The  variations  of  animal 
heat  in  the  course  of  a fever,  the  daily  exacerbations  and  remissions  are  much  more 
dependent  upon  tissue-metamorphosis  than  upon  the  nervous  system,  whereas  the 
general  type  of  the  fever  and  its  coarse  are  determined  by  the  nature  of  the  cause  of 
t he  fever.  With  respect  to  the  increase  of  metamorphosis  present  in  fever,  and  of 
the  allied  production  of  heat,  W. , after  rejecting  Bernard's  vaso  motor  theory,  and 
Zimmkhmann’s  inflammatory  theory,  comes  to  the  conclusion  that  it  is  not  necessarily 
dependent  upon  the  nerves,  and  that  an  “ irritation  ” of  the  blood  may  very  well  be  its 
cause.  This  irritation  may  be  looked  upon  as  the  effect  of  a ferment-like  body, 
possibly  ozone,  especially  since  the  discovery  by  Schon lei.v  and  Alex.  Schmidt  of 
the  property  of  the  blood,  and  of  haematin  of  the  blood -globules  more  particularly,  by 
which  they  take  up  ami  transport  the  oxygen  of  the  air.  It  is  only  necessary  that  the 
cause  of  fever  should  exalt  the  rapidity  of  diffusion  of  the  solid  and  liquid  parts  of 
the  blood,  and  thus  effect  an  increase  of  the  transportation  of  ozone,  and  that  this 
does  take  place  is  taught  by  the  composition  of  the  urine.  Furthermore,  according 
to  Wachsm I'TH.  there  is  not  in  fever  a simple  nervous  moderation  of  heat-production 
in  the  sense  of  Virchow,  which,  excited  from  somewhere,  directly  or  indirectly 
arrests  the  processes  of  combustion  in  the  body,  or  is  left  unbridled  to  itself,  but  a 
disturbance  of  the  regulation  of  the  normal  equilibrium  of  heat,  a mechanism  com- 
plete in  itself,  by  means  of  which  the  change  from  greater  heat  production  to  greater 
cooling,  and  lessened  cooling  to  diminished  heat- production,  and  rice  termi.  is  facili- 
tated. and  the  narrow  limits  of  body-beat  in  the  normal  state  maintained.  Investiga- 
tions have  not  yet  made  us  more  intimately  acquainted  with  this  mechanism,  but  they 
have  had  the  result  of  determining  its  existence  under  very  varied  conditions.  Wo 
can  only  say  that — with  the  exception  of  the  purely  physical  changes  on  the  surface 
of  the  body  produced  by  the  heat  itself — it  is  conceivable  only  as  brought  about  by 
the  medium  of  the  nervous  system,  its  ways  and  means  being  the  preponderating 
changes  in  the  circulation  of  the  blood  in  the  skin  and  lungs,  as  well  as  the  insensible 
perspiration.  To  be  sure,  it  does  not  seem  difficult  to  designate  the  lesion  of  the 
nervous  system  in  fever,  yet  opinions  on  this  point  differ  as  widely  as  if  it  were  a 
question  whether  paralysis  or  increased  activity  of  the  nervous  system  is  the  lesion. 
From  tin*  peculiar  contrasts  in  various  provinces  of  the  nervous  system,  from  the 
existence  of  elastic,  tonic,  and  muscular  contraction  of  bloodvessels,  and  because  of 
the  dispute  about  vaso -dilator  and  vaso- contractor  nerves  and  muscles,  it  is  difficult  to 
come  to  a satisfactory  conclusion.  At  the  present  time  facts  make  the  assumption  of 
a paralysis  of  the  heat- regulating  mechanism  most  probable.  W.  considers  the 
event  in  the  case  of  febrile-heat  to  be  a paralysis  of  the  nerve-centre  by  means  of 
which  the  innervation  of  the  muscles  of  small  arteries  is  moderated;  for  the  explana- 
tion of  the  chill  he  falls  back  upon  the  contraction  of  vascular  muscles,  and  he  thinks 
that  a subjective  feeling  of  cold  with  marked  elevation  of  temperature  only  occurs 
when  this  contraction  takes  place  suddenly  and  forcibly,  whereas  with  a slower  and 
weaker  contraction  the  increase  of  heat  is  less,  and  the  sense  of  chill  is  wholly  want- 
ing. Possibly,  however,  the  activity  of  this  centre  is  not  exerted  specially  upon  the 
muscles  of  the  small  arteries,  but  chiefly  upon  the  ton  u*  of  the  tissues,  and  its  inner- 
vution  produces  an  alteration  of  the  tissues  collectively,  including  the  smallest  vessels, 
which  with  manifestations  of  turgescence  and  expansion  opens  to  the  blood-stream 
numerous  channels,  while  its  paralysis  conduces  to  the  opposite  condition  of  collapse, 
such  as  so  strongly  characterises  the  approach  of  death.  The  nervous  factor  in  fever 
would  consequently  lie  a real  paralysis,  not  so  much  of  vnso-motor  ” as  of  ‘‘symjia- 
thetio  fibres.  Lastly,  WacHsmuth  defines  fever  as  “the  result  of  at  least  two 
processes,  one  of  which  increases  heat-production,  the  other  paralyses  regulation  of 
heat  through  the  nerves,  aud  which  when  they  occur  together  give  rise  to  the  succes- 
sion of  phenomena  which  constitute  a febrile  period.” 

The  clinical  observations  of  this  period  were  wholly  favorable  to  the  assumption  of 
the  existence  of  a regulatory  centre,  as  well  as  to  its  paralysis.  This  significance  was 
especially  placed  upon  the  excessive  temperatures  at  death,  which  appeared  together 
with  numerous  signs  of  palsy  of  the  nervous  system,  as  well  as  after  injuries  of  the 
spinal  cord.  Wunderlich,  who  likewise  considered  incomplete  regulation  as  the 
cause  of  pathological  modifications  of  animal  heat,  concluded,  from  numerous  obser- 
vations of  extreme  elevation  of  body-heat  toward  the  end  of  fatal  neuroses,  that  in 
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the  unknown  “changes  in  the  nervous  centres  which  cause  death  by  so-called  nervous 
exhaustion,  there  are  factors  by  which  its  regulation  is  hindered  or  suspended.  Per- 
haps the  tissues  disintegrate  prematurely  in  consequence  of  the  cessation  of  the 
influence  of  the  nervous  system,  and  of  chemical  processes  which  rapidly  produce 
heat.’  It  was  now  attempted  to  determine  experimentally  the  scat  of  the  regulatory 
centre,  and  in  this  way  many  important  facts  were  learned.  Tschesciiichtn  con- 
stantly observed,  after  section  of  the  spinal  cord  in  rabbits,  a lowering  of  the  body- 
heat.  whereas  an  increase  of  heat  followed  a sectiou  through  the  medulla  oblongata; 
and  he  concluded  from  these  facts  that  the  spinal  cord  may  continue  to  perform  its 
functions  independently  for  a while  after  its  separation  from  the  brain,  and  that  this 
independence  is  shown  in  an  increased  excitability  of  its  centres,  the  activity  of  which 
is  temporarily  morbidly  heightened  and  exhibits  itself  in  increased  animal  functions, 
whereas,  without  section,  ail  these  functions  remain  under  the  control  of  the  brain, 
which  moderates  them  and  holds  them  in  equipoise.  Consequently,  for  him,  fever  is 
“ a morbid  increase  of  the  activity  of  the  spinal  centres  in  consequence  of  a weakness 
or  palsy  of  the  moderating  parts  of  the  brain,  whereby  a series  of  chemical  processes 
increase  to  a degree  impossible  while  the  functions  of  the  brain  are  normal.”  It 
must  certainly  not  be  overlooked  that  in  observations  upon  dying  patients,  as  well  as 
in  T.’s  experiments,  we  have  to  do  with  exceptional  conditions,  which  do  not  seem 
well  suited  to  give  a direct  insight  into  the  ordinary  febrile  state;.  At  all  events,  even 
in  this,  complicated  conditions  are  involved.  This  is  also  indicated  by  the  results 
which  N'aunyn  and  Quincke  arrived  at  by  similar  experiments.  They  conclude  from 
them  that  there  are  in  the  spinal  cord,  besides  vaso-motor  fibres  which  exert  a regu- 
lating influence  upon  loss  of  heat,  and  by  whose  paralysis  after  the  operation  an 
immediate  dilatation  of  the  bloodvessels  of  the  skin  and  consequently  an  excessive 
loss  of  heat  ensue,  yet  other  libres,  which  effect  a regulating  (inhibitory)  influence 
upon  heat-production  in  internal  organs,  and  by  whose  division  an  increase  of  produc- 
tion of  heat  is  made  possible  in  the  latter;  it  yet  remains  uncertain  whether  these 
are  identical  with  the  fibres  which  furnish  innervation  to  the  bloodvessels  of  internal 
organs.  A direct  or  reflex  excitatiou  of  a hypothetical  heat-centre  by  division  of  the 
spinal  cord,  they  consider  improbable.  The  above-mentioned  observations  of  H vnkel 
upon  the  increased  temperature  of  the  skin  in  fever  arc  explicable  by  the  help  of 
these  researches. 

In  the  next  few  years  the  doctrine  of  regulation  of  heat  was  quite  specially  elabo- 
rated by  Liehehmeister,  although  it  has,  in  the  form  in  which  it  was  presented,  by 
him,  been  subjected  to  numerous  and  well  grounded  attacks.  In  particular,  L.  main- 
tains that  there  is  a regulation  of  meat-production  aocohdino  to  each  occa- 
sional LOSS  of  meat;  the  more  heat  is  abstracted,  the  greater  is  the  combustion. 
It  is  by  such  contrivances  that  the  apparatus  of  regulation  of  heat  is  made  perfect 
and  becomes  fitted  for  the  performance  of  its  extraordinary  functions ; and  it  thus 
becomes  possible  for  the  organs  in  the  interior  of  the  body  to  maintain  their  normal 
temperature  in  spite  of  the  actually  occurring  great  losses  of  heat.  This  capacity  is 
most  probably  made  active  through  the  nervous  system,  and  it  necessitates  the  hypothe- 
sis of  an  “ excito-caloric  system.”  Even  in  fever-patients  such  a regulation  of  produc- 
tion according  to  loss  of  heat  takes  place,  as  is  shown  by  experience  in  the  use  of 
cold  baths,  by  means  of  which  the  production  of  heat,  already  increased  above  the 
normal,  is  excited  to  a much  greater  intensity.  To  be  sure,  it  would  appear  that  its 
means  are  somewhat  more  restricted  than  those  of  the  healthy,  and  that,  for  exam- 
ple, it  is  not  capable  of  withstanding  a strong  refrigeration  for  so  long  a time.  In 
the  further  development  of  his  idea,  L.  expresses  himself  as  follows  about  fever. 
To  the  febrile  state  there  belong  necessarily  the  increased  temperature  as  well  as  the 
increase  of  heat-production,  but  neither  the  one  nor  the  other,  nor  both  together, 
constitute  the  essence  of  fever,  which  rather  consists  in  this,  that  regulation  of 
MEAT  IS  FIXED  AT  A HIGHER  DEGREE  OF  TEMPERATURE.  A healthy  person  is 
distinguished  from  a fever-patient  chiefly  in  that  he  regulates  his  loss  and  production 
of  heat  in  equilibrium  at  about  A7°  C.,  and  as  far  as  is  physically  possible  maintains 
this  temperature,  or  regains  it  as  quickly  as  possible.  The  fever-patient,  on  the  con- 
trary. no  longer  regulates  at  :17  C.,  but  for  a given  higher  degree;  yet  by  no  means 
is  the  regulation  of  heat  wanting  in  him.  Were  this  the  case,  he  must  behave  with 
respect  to  his  body -heat  just  like  an  animal  in  whom  the  spinal  cord  is  separated  from 
the  brain.  To  be  sure,  the  condition  in  which  such  an  animal  is  has  often  been 
called  true  fever,  but  the  fact  that  in  this  state  a moderate  increase  of  loss  of  heat, 
by  which  the  temperature  of  a fever-patient  would  not  be  noticeably  altered,  is 
sufficient  to  reduce  the  animal’s  body-heat  far  below  the  normal,  would  seem  to  con- 
tradict the  assumption  of  such  a similarity.  In  what  maimer  the  establishing  of 
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regulation  at  a higher  degree,  by  means  of  which  the  organism  has  the  decided  ten- 
dency to  continue  at  its  high  temperature  of  perhaps  40  C.,  is  brought  about,  is  at 
present  absolutely  obscure,  and  will  not  be  better  understood  until  after  we  shall 
know  more  about  the  intrinsic  mechanism  of  regulation  of  heat  in  the  healthy.  All 
the  most  various  phenomena  which  the  symptom-group  of  fever  embraces,  all  the 
peculiarities  of  the  feverish  organisms  are  naturally  deducible  from  the  change  of 
{•lace  of  regulation  of  temperature  to  a higher  degree.  In  the  stage  of  chill  this 
higher  location  is  suddenly  effected ; in  the  stage  of  decrease  of  fever  it  does  not 
descend  from  the  previously  high  degree  to  the  normal  in  a moment,  but  gradually, 
and  often  with  oscillations. 

Likhekmkistkh’s  theory  met  with  much  opposition.  It  was  accepted  by  Ziemsskn 
and  Immkk.mann  (KaUmumerbehaiutt.  d.  T)fphu»  abd. , 1870),  though  with  the  modi- 
fication that  during  the  period  of  exacerbation  the  temperature  is  gradually  elevated 
to  successive  heights  by  the  postulated  centre  for  regulation,  while,  on  the  contrary, 
during  the  period  of  remission  it  is  established  on  successively  lower  degrees,  and 
that  the  degree  of  temperature  which  happens  to  be  present  is  retained  with  equal 
tenacity,  whether  it  occurs  in  the  period  of  exacerbation  or  iu  that  of  remission. 
Botkin  {Med.  Klin.,  1800)  attaches  more  importance  to  the  regulation  of  the  loss 
of  heat,  and  in  this  connection  refers  to  the  activity  of  an  apparatus,  the  irritation 
or  depression  of  which  has  an  influence  upon  the  secretion  of  sweat,  in  analogy  to 
Ludwig's  experiments  upon  the  secretion  of  saliva.  Immkkmann  also  {!).  Arc/i.  f. 
kl.  Med.,  XII.,  p.  170;  argues  in  favor  of  the  existence  of  such  an  apparatus.  He 
assumes,  with  special  reference  to  the  frequent  occurrence  of  a wholly  dry  skin  with 
congestion  (acute  exanthemata,  febrile  turgescenco),  the  existence  of  a nerve- 
centre.  through  irritation  of  which  the  secretion  of  sweat  is  arrested  (as  is  the  rule, 
for  example,  in  fever  , and  through  paralysis  of  which  this  secretion  becomes  pro- 
fuse (as  in  the  agony,  or  under  the  influence,  of  certain  causes  of  fever — as  acute 
rheumatism) ; and  locates  it  in  the  medulla  oblongata  or  just  above  it,  in  the  neighbor- 
hood of  Likiikkmkistkk’s  vaso-motor  and  excito-caloric  centres,  lie  believes  that 
under  the  influence  of  fever  exciting  causes  usually  all  three  centres  are  placed  in  a 
state  of  irritation,  the  conjoint  effect  of  which  is  a rise  of  temperature  with  pheno- 
mena of  ischaemia  of  the  skin  and  with  arrested  j»erspiration,  though  under  peculiar 
circumstances  irritation  of  the  vaso-motor  centre  and  of  the  sweat-moderating 
centre  as  well,  may  be.  wanting,  or  nearly  absent.  These  conjectures  are  to  a certain 
extent  supported  by  the  investigations  of  LrDWto  and  Uhtimowitsch  (Her.  d.  K.  ft. 
Qej<.  d.  It.,  1870,  XXII..  p 4B0),  and  of  II  I.  id  e Nil  a in,  according  to  which  not  only 
a certain  blood-pressure  in  the  vascular  net-work  of  glands,  but  also  a certain 
nervous  influence  and  excitation  is  necessary  to  the  excretion  of  the  glandular  pro- 
duction ; and  it  is  presumable  that  the  febrile  tissue- metamorphosis  is  capable  of 
influencing  the  secretion  of  sweat  in  a variety  of  ways.  For,  at.  any  rate,  the  absence 
or  presence  of  sweat  does  not  depend  upon  the  febrile  process,  but  upon  the  kind  of 
disease  and  upon  individual  peculiarities.  Lastly,  with  respect  to  the  state  of  the 
temperature  of  the  skin,  it  must  be  remarked  that  this,  as  £.  Hanked  discovered 
by  thermometrical  means  (AreJi.  d.  lieilk. , 1874,  XIV.,  p.  157),  begins  to  rise  at  the 
beginning  of  natural  or  artificially -produced  perspiration,  and  remains  elevated  until 
Us  cessation,  while  the  axillary  temperature  remains  unchanged  or  is  a little  raised. 

In  the  meanwhile  the  attempt  lia<l  also  been  made,  in  conjunction  with  observa- 
tions ou  traumatic  fever,  to  determine  more  exactly  its  origin  and  that  of  fever  in 
general,  by  experimental  means.  In  general  h-ss  attention  was  paid,  in  these  re- 
searches. to  the  regulating  mechanism,  than  to  the  mode  and  course  of  the  increased 
heat-production,  whose  occurrence  was  no  longer  doubted.  Thus,  0.  O.  Weber 
(18t>.i.  1 Uniat  u.  Pitha,  Chir.,  p.  599)  understands  by  fever,  “a  general  increase 
of  tissue- metamorphosis  united  with  heightened  temperature,  which  is  produced  by 
poisoning. of  bhe  blood  by  the  products  of  decomposition  of  the  tissues,  acting  in  a 
ferment-like  manner,  and  which  determines  a rapid  decrease  of  body-weight.”  Bkug- 
M ann  also  (J’r.'enb.  Zeitee.hr. , 1 HI <9,  XV.,  p.  16)  states  that  with  reference  to  a specific 
difference  between  the  influence  of  products  of  putrefaction  or  inflammation  upon 
the  temperature,  he  was  able  to  discover  no  difference,  or  only  a difference  of  degree. 
He  considers  it  possible  that,  inasmuch  as  inflammation  is  only  a inode  of  decomposi- 
tion, increased  iu  quantity  and  more  rapid,  its  products  do  not  behave  toward  the 
organism  as  something  completely  heterogeneous,  and  thus  its  effects  upon  the  gen- 
eral temperature  ore  produced  in  the  same  manner  as  by  the  increased  local  temper- 
ature of  inflammatory  foci  demonstrated  beyond  question  by  JOHN  Simon  and 
V\  kbi  h.  lor  the  causes  of  fever  do  not  opeu  up  absolutely  new  sources  of  heat; 
they  ouly  increase  the  productiveness  of  those  already  present.  B.,  looks  upon  tho 
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Mo(xl  as  irritable,  somewhat  in  the  same  Bense  as  Wachsmtttii,  and  as  irritated  by 
the  pyrogenic  ami  phlogogenic  products  of  the  inflammatory  focus.  A return  of  the 
temperature  to  the  normal  follows  the  excretion  of  the  irritament.  Billroth 
(1872,  Arch.  f.  hi.  Chir.)  considers  as  best  suited  to  explain  traumatic  fever,  the 
hypothesis,  that  substances  arc  carried  into  the  blood  from  gangrenous  or  inflamma- 
tory foci,  which  substances  affect  certain  parts  of  the  nervous  system  in  such  a 
manner,  that  henceforward  the  regulation  of  heat  is  destroyed,  although  it  remains 
uncertain  whether  increased  heat-production  or  diminished  loss  of  heat  occurs. 
The  pyrogenic  substances  carried  into  the  blood  from  the  putrefactive  and  inflamma- 
tory foci,  and  between  which  there  is  no  important  difference  in  this  respect,  are  not 
produced  by  the  injury  itself,  but  by  septic  processes  in  the  wound.  Whether  the 
latter  are  only  produced  by  a form  of  vibrio-gangrene,  and  the  fever  caused  by  fungi 
which  enter  the  blood  (Hi'TER,  Ki.ebs),  has  not  yet  been  proven,  it  is,  however, 
improbable  that  pyrogenic  substances  first  produce  an  inflammation,  and  only  cause 
a rise  of  temperature  in  consequence  of  it  (Zimmkkmann). 

According  to  Ki.ebs  ( SohiceiU . Corrbl .,  I.,  1871),  the  fever  which  accompanies  the 
beginning  of  suppuration  is  produced  by  the  entrance  into  the  blood  of  phlogogenic 
elements  which  arc  produced  in  every  suppuration,  and  which  are  probably  identical 
with  the  ozone-carriers  demonstrated  in  the  spleen  and  in  pus  by  K.  Continued 
fever  is  caused  by  the  continued  importation  of  these  substances,  the  end  of  the 
fever  by  cessation  of  the  supply.  It  is  presumable  that  the  deleterious  properties  of 
pus,  as  well  as  those  of  the  general  infection  produced  by  suppuration,  are  due  to 
the  presence  of  organized  elements,  most  likely  the  fungus  which  he  calls  micro- 
vporon  aepticum  ; and  during  the  development  of  which  a substance  is  produced  which 
has  the  property  of  exciting  fever  in  the  nutritive  fluids.  On  the  contrary.  Albert 
and  Strieker  (1871).  deny  that  pus  has  any  special  pyrogenic  property.  P.  Nie- 
MKYER  ( Mi  llionth. , 18715 1 may  also  be  mentioned  here  as  thinking  that  fever  depends 
upon  imperfect  processes  of  combustion. 

Ki.ebs  and  S.u*albki  ( Wdrtzb.  Verhdl. , III.,  p.  142),  and  Naunyn  and  Dubc- 
ZCANHKl  (Arch.  f.  cup.  Pathol .,  I.,  18715)  have  opened  up  a most  interesting  perspective 
for  our  knowledge  of  fever.  They  found  that  injections  of  pus  produced  increased 
heat- production  and  increased  loss  of  heat  as  well.  The  amount  of  the  latter  de- 
pends in  an  important  manner  upon  the  external  temperature,  and  may  well  be  the 
result  of  an  effect  of  the  pus  upon  the  circulation  of  blood  in  peripheral  parts ; and 
K.  in  this  connection  calls  attention  to  the  increased  loss  of  water  which  takes  place, 
probably  by  increased  evaporation.  The  increase  of  heat-production  K.,  on  the 
contrary,  considers  to  be  the  result  of  the  prolonged  action  of  a peculiar  chemical, 
ferment-like  action  of  the  ozone-bearing  pus.  Naunyn  holds  the  septic  fever 
produced  by  experiments  to  bo  a vaso-motor  phenomenon,  which  is  produced  by 
disorder  of  the  function  of  certain  parts  of  the  central  nervous  system,  and  which 
conduces  on  the  one  hand  to  increased  giving  off  of  he  it  by  au  influence  upon  the 
cutaneous  vessels,  and  on  the  other  hand,  to  increased  production  of  heat  by  an 
influence  upon  the  circulation  in  the  internal  organs.  The  great  similarity  in  the 
condition  of  animals  experimented  on  to  that  of  those  upon  which  sections  of  the 
spinal  cord  have  been  made  (vide  p.  078)  renders  it  very  probable  that  a condi- 
tion of  paralysis  is  the  cause  of  these  disorders.  In  this  way  two  factors  are  set 
free,  which  struggle  for  mastery  over  the  result,  as  it  were : whether  this  be  a rise  of 
body-heat  or  not,  depends  upon  the  preponderance  of  one  of  them,  which  do  not 
necessarily  always  bear  the  same  relation  to  one  another.  Accordingly,  it  can  no 
longer  be  doubted  that  in  really  feverish  states  in  man  a lasting  normal  or  sub- 
normal temperature  may  be  produced,  if  the  factor  of  refrigeration  assume  the 
upper  hand.  . . 

Most  recently,  two  contributions  have  appeared  which  are  calculated  to  rehabili- 
tate some  of  the  laws  of  Traube’s  theory.  First,  HOter  (1872  and  187:5)  published 
a theory,  which  he  supports  chiefly  upon  observations  of  disturbed  circulation  in  the 
mesentery,  tongue,  and  lung  of  the  frog,  after  infection  produced  by  fluids  contain- 
ing monads.  Even  in  a few  hours  after  infection,  he  found  numerous  small 
arterial  and  venous  vessels  filled  with  red  blood-globules  and  excluded  from  the  cir- 
culation ; and  in  twenty-four  hours  one-half  of  the  capillaries  were  in  this  condition. 
The  occlusion  of  these  bloodvessels  is  very  often  caused  by  adherent  monad  holding 
white  globules.  (Consult  BlRCH-HiRSCHFELD,  Arch.  d.  lie  ilk.,  XIII..  p.  88!).)  Iu 
the  remaining  vessels  there  is  partly  a slow  and  incomplete  circulation,  partly  one 
which  is  normally  fast  and  complete,  the  latter  being  a proof  of  the  non-existence 
of  palsy  of  the  heart,  by  which  the  diminished  rapidity  of  the  whole  circulation 
might  have  been  explained.  H.  thinks,  that  this  exclusion  of  such  a large  number 


FEVER-THEORY  OF  SENATOR. 


697 


of  blood  vessels  from  the  circulation,  must  cause  an  important  diminution  of  the 
amount  of  loss  of  heat  from  the  external  surfaces  (skin)  and  from  the  internal  sur 
faces  (the  lungs),  just  as  Traube’s  contraction  of  the  small  arteries,  not  proven  tc 
exist  in  all  stages  of  fever,  does.  Exclusion  of  aljout  one-half  the  bloodvessels  from 
the  circuit  of  the  circulation,  would  represent  a diminution  of  loss  of  heat  by  one- 
half,  and  in  warm-blooded  animals  would  suffice  to  explain  the  increase  of  tempera- 
ture. The  chill,  with  its  sudden  rise  of  temperature,  indicates  a sudden  exclusion 
of  numerous  cutaneous  vessels  from  the  circulation.  There  is,  moreover,  no  legiti- 
mate symptom  of  fever  which  is  not  capable  of  being  sufficiently  and  simply  ex- 
plained by  this  theory.  H.  applies,  in  the  first  place,  his  theory  to  traumatic  and 
suppurative  fevers,  and  adds,  provisionally,  that  increased  production  of  heat  may 
well  play  a part  as  well  as  diminished  giving  off  of  heat,  and  that  every  variety 
of  fever  must  not  be  hastily  subjected  to  the  theory. 

Lastly,  Senator  ( 1873)  has  given  us  a detailed  exposition  of  his  opinious  upon  the 
febrile  process,  as  derived  mainly  from  exact  experiments  upon  metamorphosis.  Ho 
expressly  declines  to  give  a definition  of  fever,  because  it  apj>ears  doubtful  to  him 
that  only  one  and  the  same  process  makes  up  what  is  generally  understood  by  that 
term.  His  experiments,  he  states,  are  not  applicable  to  all  febrile  diseases,  but  only 
to  the  greater  number,  especially  the  majority  of  acute  infectious  diseases  ; while 
other  cases  very  surely,  in  still  others  probably  comport  themselves  quite  differently, 
and  show  nothing  in  common  with  fever  except  the  increased  temjterature  and  its 
consequences.  Rise  of  temjierature  is  only  one  symptom,  and  does  not  constitute  the 
essence  of  fever;  its  explanation  has  not  yet  furnished  any  theory  of  fever,  because 
underneath  this  symptom  very  different  morbid  processes  are  combined,  and  Iweausa 
there  are  in  fever  other  important  processes  independent  of  elevation  of  temj>erature. 
Among  these  he  considers  ehietlv  the  special  tissue-ehanges.  as  can  be  proven,  in  par- 
ticular, by  the  different  effects  of  pure  pus  and  of  pus  treated  with  glycerine.  He 
presumes  that  in  the  course  of  time  it  will  be  possible  to  divide  fever,  on  the  one 
hand,  into  one  or  several  processes  causing  increase  of  temperature,  and  in  others 
causing  modification  of  tissue-metamorphosis.  As  imjmrtant,  though  not  sole  sources 
of  heat,  he  considers  the  demonstrable  processes  of  oxidation ; and  for  him  the 
regulation  of  heat  is  nothing  but  the  regulation  of  loss  of  heat.  It  (regulation  of 
heat)  takes  place  under  normal  conditions,  in  so  far  as  it  is  not  voluntarily  produced, 
by  changes  in  the  frequency  of  respiration,  and,  besides,  by  the  changing  vascularity 
of  the  skin  (regulated  by  the  needs  of  the  moment)  and  the  therewith  changing  loss 
of  heat.  (Compare  Bekomann,  Muller's  Archie , 1843.)  In  fever  the  utility  of  the 
skin  is  impaired  to  an  important  degree,  because  under  the  influence  of  the  cause  of 
fever  an  enormous  irritability  and  irritation  of  its  bloodvessels  are  produced,  in  con- 
sequence of  which  they  are,  from  the  l>cginning  of  the  fever  onward,  occasionally 
contracted,  and  thus  the  equalization  of  superfluous  heat  is  prevented.  These  peri- 
odical diminutions  of  loss  of  heat,  together  with  a constant,  though  not  great  increase 
of  heat-production,  are  the  important  causes  of  the  febrile  rise  of  temperature,  and 
by  them  all  the  important  phenomena  of  fever  may,  according  to  8.,  be  explained  in 
the  most  natural  way.  Senator's  exposition  of  the  febrile  process  is  simple,  and 
is  supported  by  facts  which  are  almost  universally  acknowledged,  a superiority  which 
distinguishes  it  from  many  other  theories. 


XVII.  marasmus. 

L'asstatt,  Die  Krkh . <1.  huh.  Alt.,  1839.— Day.  A PracL  Trent,  on  Die.  of  Ad- 

r aural  f-ife,  1849.  — Durand-Fahdel,  Tr elite  dee  rrudetd.  dee  eieilLirde.  1854 

Geist,  Klin.  d.  Grieeenkrkh.,  1857.— Buhl,  Z f.  rut.  Med. , 1857,  VIII.,  p.  97.— 
Charcot,  Let;,  eur  lee  med.  dee  vieHUtrde , etc.,  1888. 

Marasmus  is  the  State  peculiar  to  advanced  life,  but  occurring  at  every 
age  under  morbid  conditions,  which  consists  in  diminished  nutrition  and 
capacity  of  function  of  almost  all  tissues  and  organs. 

Senile  marasmus,  and  that  which  results  from  disease,  premature  maras- 
mus, are  hardly  or  not  at  all  to  be  distinguished.  In  the  earlier  stages,  in 
the  marasmus  of  age,  diminished  nutrition  and  capacity  of  function  affects 
almost  all  tissues  and  organs  in  nearly  equal  intensity,  while  in  premature 
marasmus  oue  organ  or  system,  or  another,  is  atfected  in  a much  greater 
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degi  res.  Xu  senile  marasmus  also  the  latter  is  often  the  case,  but  for  the 
most  part  the  initiatory  disturbances  escape  the  observation  of  both  phy- 
sician and  patient. 

Jn  marasmus  few  changes  are  so  constant  that  they  can  with  certainty 
be  regarded  as  consequences  of  it.  With  respect  to  most  of  these  changes, 
no  anamnestic  or  patbologico-anatomical  distinction  can  decide  the  question 
of  their  origin  from  a preceding  disease. 

1.  Senile  marasmus. 

The  cause  of  senile  marasmus  is  old  age,  the  period  after  the  seventieth 
year  of  life  (a sruectus  ipsa  morbus").  This  form  appears  earlier  and  re- 
markably more  quickly  in  persons  of  low  vitality,  from  hardships,  depressing 
psychical  states,  excesses,  as  a consequence  of  severe  attacks  of  disease  during 
the  earlier  years  of  life,  and  as  a result  of  the  use  of  powerful  therapeutic 
means. 

The  symptoms  of  marasmus  concern  every  system  of  the  body. 

The  organs  OF  CIRCULATION  show  the  most  frequent  and  furthest  ad- 
vanced changes. 

The  heart  becomes,  as  a whole,  larger,  especially  broader,  and  somewhat 
thicker,  and  its  openings  somewhat  wider.  The  valves  are  mostly  thickened ; 
the  endocardium  chiefly,  in  general  or  at  points.  The  substance  of  the 
heart  shows  a stronger  pigmentation,  not  infrequently  fatty  degeneration. 
The  pericardium  resembles  the  endocardium.  The  cardiac  force  is  in  gen- 
eral lessened. 

The  arteries,  usually  the  aorta  most  distinctly,  likewise  become  larger 
and  thicker:  the  thickness  proceeds  usually  from  an  increase  of  all  the 
tunics.  Their  elasticity  and  contractility  are  diminished,  for  the  most  part 
in  consequence  of  the  excess  of  connective  tissue,  often  also  through  fatty 
degeneration  and  calcification,  which,  especially  through  the  diminished 
nervous  influence,  is  of  importance  with  respect  to  the  small  arteries  of 
various  organs,  of  the  heart  itself,  brain,  large  glands,  as  well  as  of  those 
parts  which  are  furthest  from  the  heart  (feet). 

The  veins  become  thick-walled,  uniformly  or  invgularly  wider,  espe- 
cially in  the  lower  half  of  the  body.  Their  elasticity  is  diminished. 

The  capillaries  become  in  part  wider,  in  part  narrower  to  complete  obli- 
teration ; their  wall  frequently  shows  fatty  and  pigmentary  metamorphosis. 

By  all  these  conditions  the  circulation  is  in  general  affected  injuriously. 
The  heart’s  beat  anil  the  pulse  are  weaker ; the  latter  in  rigid  arteries  is  re- 
markably hard.  The  sounds  of  the  heart  and  arteries  are  feeble,  and  not 
infrequently  modified.  The  heart-beat  is,  from  unknown  causes,  quite  often 
suspended.  The  mean  frequency  of  the  pulse  rises  to  75  and  80  beats. 
The  temperature  is  lowered  (see  page  600).  The  blood  accumulates,  espe- 
cially in  the  veins  (so-called  venosity),  while  the  arteries  are  in  general  more 
empty.  There  exists  a tendency  to  thrombosis  of  the  arteries  and  veins 
(so-called  marasmic  thrombosis) ; in  consequence  of  the  former  there  results 
ametnic  softening  of  the  brain,  and  senile  gangrene  of  the  extremities.  The 
influence  of  the  vaso-motor  nerves  upon  the  arteries  is  probably  always 
diminished,  in  consequence  of  which,  influences  of  various  kinds  (changes  of 
temperature,  accidental  and  surgical  wounds),  without  danger  in  the  normal 
state,  pass  into  inflammations  and  gangrene. 

The  blood-mass  is  diminished  (senile  anaemia).  Almost  all  organs  are 
auremic.  The  blood  itself  is  clearer,  more  fluid,  poorer  in  solid  constituents, 
especially  in  b'ood-corpuscles  and  albumen,  richer  in  cholesterin ; coagula- 
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"bility  is  increased  (“the  fibrin  increases”).  In  consequence  there  follow 
the  general  symptoms  of  chronic  amemia  and  liydraemia,  especially  cool  ex- 
tremities, etc.,  and  the  special  signs  of  diminished  function  of  all  organs. 

The  larger  lymphatic  vessels  behave  in  general  similarly  with  the  veins 
The  conditions  of  the  lymphatic  capillaries  are  unknown.  The  lymph- 
glands  show  simple  atrophy  in  a varying  degree  to  complete  disappearance, 
sometimes  transformation  into  fatty  tissue,  and  calcification. 

The  spleen  behaves  in  a similar  manner.  It  becomes  smaller,  dense, 
and  tough,  reddish-brown  (so-called  brown  atrophy)  ; its  pulp  may  be  so  far 
lessened,  that  its  tissue  consists,  in  larger  proportion,  of  trabeculae  and 
thickened  vessels;  its  follicles  are  few,  small,  and  even  altogether  want- 
ing. The  capsule  is  often  irregularly  thickened,  so  that  the  expansion  of 
the  organ  is  more  or  less  prevented. 

In  consequence  of  these  structural  changes  of  the  spleen  and  lymph- 
glands,  the  formation  of  colorless  blood-corpuscles  is  probably  diminished. 

The  organs  of  respiration  likewise  show  constant  changes. 

The  mucous  membrane  of  the  nose  and  pharnyx  presents  sometimes 
atrophy,  sometimes  hypertrophy  of  various  kinds.  The  air-passages  be- 
come wider,  especially  in  consequence  of  the1  thinning  of  the  mucous  and 
muscular  tunics,  and  diminished  elasticity  of  their  walls  ; the  cartilages  be- 
comes richer  in  fat ; not  infrequently  they  are  transformed  into  spongy 
bony  tissue. 

In  the  LUNGS  so-called  senile  atrophy,  or  senile  emphysema,  is  very  often 
fonnd,  dependent  upon  a disappearance  of  the  alveolar  septa  with  destruc- 
tion of  the  capillaries,  thence  giving  rise,  especially  in  the  borders  of  the 
lungs,  to  very  large  air-filled  spaces.  The  whole  lung  is  smaller,  less  elastic, 
often  rich  in  so-called  false  pigment ; here  and  there  presenting  atelectases, 
and  other  effects  of  various  disturbances  which  may  occur  during  a long 
life. 

The  intercostal  spaces  are,  for  the  most  part,  correspondingly  depressed, 
witli  anterior  and  lateral  flattening,  and  general  narrowing  of  the  thorax  ; 
the  vertebral  column  is  kyphotic,  and,  from  the  lessening  of  the  inter- 
vertebral cartilages,  shortened.  The  respiratory  muscles,  especially  also 
the  diaphragm,  are,  for  the  most  part,  atrophied. 

I he  changes  in  the  interchange  of  gases  in  senile  lungs  are  not  cer- 
tainly known  : most  probably  there  is  a diminution  in  the  oxygen  taken,  as 
well  as  of  the  carbonic  acid  given  otr.  which  are  consequences  partly  of  the 
conditions  mentioned,  partly  of  the  diminished  force,  especially  of  the  right 
side  of  the  heart,  partly  of  the  diminished  number  of  the  red  blood  cor- 
puscles, partly  of  the  impaired  movement  of  the  body,  etc. 

In  consequence  of  these  states,  as  well  as  of  those  of  the  circulatory  ap- 
paratus, there  is  a shortness,  with  greater  frequency  and  lessened  depth  of 
the  respiratory  act,  diminished  capacity  of  the  lungs,  diminished  reflex  irri- 
tability ot  the  air- passages,  lessened  and  difficult  cough  in  disease,  and  conse- 
quently labored  expectoration ; finally,  and  on  this  account,  the  readier 
appearance  of  severer  or  deeper  bronchitis,  catarrhal  lobular  or  lobar  pneu- 
monia. 

1 he  APPARATUS  of  DIGESTION,  as  a whole,  shows  more  or  less  distinct  signs 
of  atrophy  ; often  loss  of  the  teeth,  and,  therefrom,  atrophy  of  the  jaws, 
eKjjeciallv  the  lower;  thinning  of  the  whole  digestive  mucous  membrane, 
already  visible  on  the  surface  of  the  tongue,  most  marked  in  the  small  intes- 
tines, sometimes  with  black  pigmentation  and  atrophy  of  the  intestinal 
villi  ; not  infrequently  thinning  of  the  muscular  coat,  and,  in  consequence 
of  it,  marked  general  or  partial  dilatation  of  portions  of  the  intestines. 
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In  senile  marasmus  the  gastric  mucous  membrane  shows  sometimes  more  or  leas 
numerous  small  yellow  spots,  i.e.,  groups  of  glands  with  l'atty  contents  (so-called 
gastritis  glandularis , Klebs). 

Accompanying  these  conditions  are  difficult  mastication  and  deglutition, 
diminished  sense  of  taste,  slower  gastric  and  intestinal  digestion,  dimin- 
ished resorption  from  the  stomach  and  intestines,  difficult  defecation,  some 
times  alternating  with  diarrhoea.  In  addition  there  is  a diminished  con- 
sumption of  nourishing  foods  (bread  and  meat)  an  account  of  the  diminished 
function  of  the  teeth,  muscles  of  mastication,  etc.,  and  sometimes  a more 
abundant  use  of  less  or  non-nutritions  substances.  All  these  unfavorable 
circumstances  are  attended  by  a kind  of  chronic  inanition  (see  p.  52G). 

Atrophies  of  glands  belonging  to  the  apparatus  of  digestion  occur  in  like 
manner  : the  glands  proper  of  the  mucous  membrane  in  the  whole  length  of  the 
digestive  canal,  the  salivary  glands,  especially  the  pancreas,  liver,  mesenteric 
glands.  The  liver  shows  the  so-called  senile  or  red  atrophy,  which  consists 
in  a diminution  of  the  liver-cells  with  relative  dilatation  of  the  bloodvessels. 
The  results  of  the  more  important  functional  disturbances,  are,  in  detail, 
unknown  : at  all  events  there  is  diminished  absorption  of  nutritious,  etc., 
substances  into  the  blood.  The  bile  becomes  richer  in  cholesterin. 

Of  the  u KIN  Ail  Y apparatus,  the  kidneys  are  not  infrequently  diminished 
in  size,  presenting  atrophy  of  the  urinary  tubuli  and  bloodvessels  with  or 
without  hypertrophy  of  the  intermediate  tissue,  and  atrophy  of  the  mucous 
membrane  of  the  urinary  passages  for  the  most  part  with  atrophy  of  the 
muscular  substance.  In  consequence  of  the  renal  changes  the  urine  becomes 
scantier,  darker,  richer  in  coloring  matter  ; it  also  contains  more  urea  and 
chloride  of  sodium,  as  well  as  extractive  matters  and  odoriferous  substances. 
The  affections  of  the  urinary  passages  are  followed  by  a diminished  contrac- 
tion of  the  bladder,  retention,  or  incontinence. 

The  BRAIN,  especially  the  cerebrum,  become  ssmaller  and  firmer,  tougher, 
poorer  in  fat  and  richer  in  water;  the  convolutions  are  diminished  in  size. 
The  sub-araclinoid  space  is  usually  enlarged,  and  the  liquid  of  the  cerebral 
cavities  increased,  and  the  meninges  are  for  the  most  part  clouded.  The 
vessels  show  various  forms  of  atrophy.  The  spinal  cord  behaves  in  a sim- 
ilar manner.  Almost  nothing  is  known  respecting  the  sympathetic  and 
the  nerves. 

Proceeding  from  this  are,  in  general,  a diminution  of  all  psychical  func- 
tion, which  may  amount  even  to  imbecility,  loss  of  sleep,  lessened  subjective 
impressions  during  disease.  Likewise  from  the  resulting  disturbances  in 
the  muscles  and  bones  is  explained  the  diminished  movement  of  the  extremi- 
ties and  internal  organs,  and  on  the  other  hand  the  trembling  of  the  limbs, 
etc. 

The  organs  of  sense,  sometimes  all,  sometimes  a single  one  in  a greater 
degree,  show  atrophy  in  its  various  forms.  The  cornea  frequently  presents 
the  so-called  arcus  senilis  (gerontoxon). 

Of  the  male  genitals,  the  testicles  are  found  to  decrease  in  size  and 
suffer  fatty  degeneration,  in  consequence  of  which  the  semen  is  secreted 
more  scantily,  becomes  thinner  and  for  the  most  part  poorer  in  spermatozoa. 
The  tunics  "of  the  testes  are  often  thickened.  The  prostate  gland  is  some- 
times atrophic,  sometimes  in  a varying  degree  hypertrophic : the  latter  is 
the  occasion  of  various  disturbances  connected  with  the  evacuation  of  the 
urine. 

Of  the  female  genitals,  the  ovaries  present  atrophy  of  high  degree. 
The  uterus  is  either  diminished  in  size  or  enlarged  by  secretions  accumu- 
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Intel  especially  in  its  body,  and  its  walls  are  for  the  most  part  thinned  ; its 
tissue  is  sometimes  very  tough,  sometimes  extremely  soft,  in  which  latter 
case  its  mucous  membrane  is  often  lacerated  by  haemorrhages.  The  pudenda 
show  varying  degrees  of  atrophy.  In  the  mamma;  atrophy  of  high  degree 
of  the  proper  gland-tissue  is  found,  sometimes  with  dilatation  of  the  larger 
gland-ducts  and  replacement  of  the  gland  substance  by  fatty  tissue. 

All  these  states  are  commonly  followed  by  decrease  of  the  sexual  func- 
tions and  their  final  disappearance,  for  the  most  part  much  earlier  in  the 
female  than  in  the  male.  No  noteworthy  pathological  conditions  result 
therefrom. 

The  bones,  most  strikingly  the  tubular  bones  and  vertebrae,  remain  of 
normal  size  or  become  smaller  (ex centric  or  concentric  atrophy).  In  the 
former  and  much  more  frequent  case  the  compact  tissue  wall  is  thinned, 
and  in  places  entirely  disappears ; sometimes  it  remains  of  normal  thick- 
ness, but  is  very  porous;  the  bone-corpuscles  become  wider,  and  the  basis- 
substance  poorer  in  organic  substance.  The  spongy  substance  likewise 
becomes  more  scanty  in  its  bony  constituent,  the  diploe  may  almost  disap- 
pear ; the  medullary  spaces  become  everywhere  wider;  the  yellow  marrow 
is  for  the  most  part  transformed  into  the  red ; or  like  the  red  it  becomes 
softer,  more  vascular,  or  amende  and  (edematous.  The  cartilages  show  vari- 
ous degrees  of  atrophy,  especially  metamorphosis  into  fibrous  substance  or 
into  bone,  or  they  calcify  ; those  of  the  joints  are  thinned,  the  joints  them- 
selves become  drier.  The  sutures  between  the  bones  of  the  skull  disappear. 
In  consequence  of  all  these  conditions,  the  solidity  of  the  bones  is  dimin- 
ished, and  they  break  more  easily ; movable  bony  parts,  especially  the 
vertebral  column,  become  less  flexible ; the  latter  shows  kyphosis. 

The  muscles  are  scantier,  especially  in  proper  muscular  substance,  richer 
in  pigment,  poorer  in  fat,  more  easily  lacerated.  The  flexors  mostly  pre- 
ponderate, and  on  this  account  the  articulations,  most  distinctly  the  Angel's, 
are  bent.  Their  electric  contractility  is  diminished.  The  tendons  are  drier, 
and  often  shorter. 

All  motion  becomes  slower,  and  more  awkward  : not  merely  that  of  the 
body  and  extremities,  but  also  the  movements  of  respiration,  voice,  masti- 
cation, etc. 

According  to  Ranke,  there  is  a relative  increase  of  apparatus  of  motion  and 
decrease  of  the  glandular  apparatus  with  age  ; ti -sue- metamorphosis  rises  and  falls 
with  the  increase  and  decrease  of  the  whole  glaudular  apparatus  in  relation  to  the 
organs  of  motion. 

The  skin  becomes  thinner,  in  the  white  races  richer  in  pigment,  dirty 
yellowish,  in  the  colored  races  poor  in  pigment.  The  epidermis  becomes  drier, 
thinner,  and  scales  o(T  irregularly  {pityriasis  senilis).  Its  stratum  Malpighi 
becomes  richer  or  poorer  in  pigment.  The  corium  itself  loses  its  vascu- 
larity, moisture,  and  elasticity.  The  nails  become  striated,  deformed,  brittle  ; 
the  hail's  become  blanched,  drier,  atrophic,  and  fall  (calvities  senilis). 
Sebaceous  and  sweat-glands  become  smaller,  with  less  capacity  of  function: 
the  skin  is  less  oily,  and  perspiration  diminishes.  Through  all  these  con- 
ditions the  function  of  the  skin  becomes  manifestly  diminished.  From 
unknown  causes  there  is  found  not  infrequently  a peculiar  hyjienesthesia 
(so-called  prurigo  senilis ),  sometimes  very  numerous  boils,  retention-tumors 
ot  various  kinds  of  the  sebaceous  glands,  teleangiectases,  hypertrophies  of 
the  skin,  etc. 

The  subcutaneous  fatty  tissue  is  almost  always  diminished,  darker  and 
more  homy.  The  connective  tissue  especially  becomes  drier. 

See  Flemminq,  Arch.  f.  micr.  Anat.,  1971,  VII.,  p.  328. 
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The  above-mentioned  properties  of  the  skin,  muscles  and  bones  explain 
the  known  peculiarities  of  the  external  habitus  in  senile  marasmus,  espe- 
cially of  the  face  and  hands.  Even  the  length  of  the  body  decreases  0 cent, 
and  more  ; likewise  the  weight  of  the  body  by  G kil.,  and  more. 

Through  all  the  anomalies  stated  there  arises  a diminished  resistance  to 
injurious  influences  of  every  kind,  and  therefore  a greater  tendency  to  dis- 
ease; and,  further,  a less  resistance  to  morbid  processes,  to  therapeutic 
measures  (medicamentous  and  surgical),  to  bloodletting  and  haemorrhages 
especially,  and  thereby  a greater  mortality. 


2.  Marasmus  as  a result  of  disease. 

A general  representation  of  this  marasmus  is  impossible ; it  is  much  more 
necessary,  in  individual  cases,  to  look  for  its  causes.  With  respect  to  this, 
and  especially  noteworthy,  are  : 

Lowered  vitality:  in  children  born  prematurely,  or  of  diseased  parentage 
(tuberculosis,  syphilis,  losses  of  blood,  sometimes  severe  acute  diseases,  etc.) ; 

Deficient  or  unsuitable  nourishment,  occurring  more  often  especially  in 
sucklings  and  small  children  ; 

Difficult  taking  of  food  from  various  diseases  of  the  mouth,  throat,  oeso- 
phagus, cardiac  orifice ; 

Diminished  resorption  on  the  part  of  the  stomach  or  intestines  (so-called 
atrophia-  mesaraica , etc.) ; 

Diminished  function  of  the  so-called  blood-forming  organs  (lymph-glands, 
spleen — liver  in  retention  of  Idle,  etc. — bone-marrow?); 

Haemorrhages,  losses  of  albumen,  diabetes; — severe  general  diseases, 
especially  chronic  tuberculosis,  syphilis; 

Long  continuing  moderate  or  occasionally  high  fever  ; 

Some  diseases,  in  which,  from  causes  more  or  less  unknown,  there  is  an 
especially  striking  marasmus  present:  morbus  Addisanii,  m.  liasedovm 
[Graves’  disease — Ed.]  ; goitre  in  the  short-lived. 

Therapeutically  there  are  occasionally  conditions,  which  should  be  considered 
in  this  place:  for  example,  hunger-treatment,  Ranting  treatment,  “dry”  treat- 
ment, etc.  Hunger-treatment  is,  in  important  particulars,  like  the  condition  de- 
scribed under  the  head  of  chronic  inanition  (p.  534).  For  details  upon  the  Banting 
cure,  vide  p.  544. 

The  symptoms  of  this  form  of  marasmus  are  various,  according  to  the 
nature  of  the  underlying  affection.  At  first  they  consist  of  the  signs  of 
acute  or  chronic  anaemia  of  inanition  (vide  pp.  533-4),  or  those  of  amemia 
succeeding  haemorrhage  (p.  52G),  or  of  hypalbuminosis  (p.  538),  etc.  After 
long  duration  there  are  allied  to  these  more  or  less  striking  disorders  of 
various  organs,  sometimes  in  all  to  a similar  extent,  sometimes  especially  in 
one  or  another.  More  especially  striking  are  the  symptoms  as  exhibited  in 
convalescence  from  severe  acute  diseases,  especially  typhoid  fever  (wasting 
of  the  skin,  hair,  muscles,  sometimes  of  the  intestinal  canal,  etc.),  and  in 
some  chronic  affections,  especially  diabetes  mellitus  ( vide  p.  578),  sometimes 
in  chronic  cancer,  granular  liver,  chronic  swelling  of  the  spleen. 

The  issue  of  marasmus  depends  upon  the  nature  of  the  disease  causing 
it. 

XVIII.  HJ5MORRHAGIC  DIATHESIS. 

Virchow,  Ildb.  d.  Path.,  1854,  I.,  p.  239 ; Deutsche  KUnik , 1859,  No.  23. 
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Grandidier.  Die  JIa rnophilie,  1855.—  Lemp.  Be  /Hemophilia  rumnvUa  adj.  morbi 
specimine  rariori , Berl.  Diss. , 1857. — Wagner.  Die  Fettmetamorphose  dee  Herzfleisches, 
1864;  Arch.  d.  Jleilk .,  IX.,  p.  497;  X.,  p.  387. — Kapfklkr,  L eber  Purpura , Zurich 
Diss.,  1863.  [Lkog,  A Treatise  on  IlmmopiiiUa.  Load.,  1872. — Ed.J 

Compare  the  literature  of  1 hemorrhage,  p.  210;  of  Scorbutus,  etc. 

Under  the  general  name  of  haemorrhagic  diathesis,  are  grouped  a number 
of  conditions,  in  which  there  occurs  from  different  vascular  areas  a bleeding 
unexplained  by  any  of  the  known  causes  of  haemorrhage  (mechanical  causes, 
changes  in  the  texture  of  bloodvessels,  congestive  or  accumulation-hyper- 
amiia). 

The  forms  of  disease  belonging  to  this  group  are  sometimes  primary  and 
well  characterized  : as,  for  example,  tin*  bleeding-sickness  or  luemophilia, 
true  scorbutus,  the  morbus  m-aculosus  T1  rerlhojii,  purpura  or  peliosis  rheu- 
mutica  ; sometimes  these  affections  exhibit  transitions  into  one  another; 
sometimes  similar  conditions  make  their  appearance  in  consequence  of  other 
well-marked  diseases  (acute  exanthemata,  typhoid  fever,  pyaemia,  icterus, 
diseases  of  the  spleen,  etc.),  after  the  administration  of  several  medicines 
(iodine,  mineral  acids,  etc.). 

In  many  of  the  above-mentioned  affections  remote  and  exciting  causes 
are  known.  Thus,  in  the  case  of  haemophilia,  inheritance,  especially  in  the 
male  line;  for  scorbutus,  restricted  diet  (want  of  fresh  meat  ami  vegeta- 
bles), cold,  dampness,  muscular  exertions,  depressing  psychical  impressions. 
The  htemorrhagic  diathesis  shows  itself  only  occasionally,  sporadically  or  in 
the  course  of  epidemics,  in  other  diseases,  as  measles,  pharyngeal  diphtheria, 
etc. 


Several  endemics,  especially  in  houses  of  correction,  are  in  favor  of  the  identity 
of  morbus  maculotus  WerihajU  with  scorbutus ; in  many  of  the  cases  there  was 
only  an  affection  of  the  palate  and  gums,  in  others  the  usual  inorb.  mac.  IF.,  in  some 
large  eochymoses.  and  in  others  yet  haunorrhages  in  the  muscles,  ami  lastly  in  some 
haemorrhage  under  the  periosteum.  Thus  it  was  in  the  endemic  in  the  prison  at 
Wartenburg,  described  by  Ward  < Vierteljschr.  f.  grr.  Med. , 1857,  XI.,  p.  45). 

Bai'KR  (Deutsche  Kan. , 1868,  No.  85)  met  with  certain  families  of  which  individual 
members  were  affected  with  purpura  at  a certain  age.  Hence  he  iufers  a relationship 
between  tnorb.  mac.  IF.  and  luemophilia. 

Not  one  exciting  cause  common  to  the  various  conditions  grouped  under 
the  title  of  hemorrhagic  diathesis,  is  yet  known.  It  is  most  likely  that 
different  causes  are  operative  in  the  various  conditions.  In  this  connection 
may  bo  named:  traumatic  influences,  which  in  predisposed  individuals  may 
be  so  insignificant  as  to  be  overlooked  by  the  patients  (in  haunophilia,  in 
many  instances  of  bleeding  into  the  muscles  or  from  the  gums,  in  scorbu- 
tics) ; congestive  or  collateral  hyperaunia:  which  subside  so  rapidly  that  the 
patient  does  not  observe  them,  or  which  involve  parts  which  furnish  few 
symptoms  or  none  at  all. 

I’o  this  category  belong  the  small  hiernorrhages  of  internal  and  external 
organs  which  occur  in  the  course  of  ulcerative  endocarditis:  they  are  caused 
by  capillary  emboli. 

The  hemorrhages  which  take  place  in  consequence  of  accumulation -hyperacmia 
(Stan  n nyshype rdnue),  which  have  been  recently  exactly  described  after  microscopic 
study  Viy  Co  II. S' HEIM  i 1 trehote  s Arch.,  XLL , p.  220),  do  not  belong  to  the  hajmorrhagic 
diathesis  (ride  p.  186). 

In  coses  of  htemorrhago  like  those  mentioned  supra  we  often  find,  and 
almost  equally  do  not  find  acute  or  chronic  alterations  in  the  walls  of  the 
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bloodvessels,  functional,  or  chemical,  or  anatomical  in  nature,  and  most 
commonly  fatty  metamorphosis.  And,  in  the  first  place,  the  degeneration 
of  the  vascular  walls  may  be  the  consequence  of  the  hannorrhage  or  of  the 
simultaneously  present  general  anaemia. 

Many  think  that  the  frequent  haemorrhages  in  acute  poisoning  by  phosphorus  are 
caused  by  fatty  degeneration  of  bloodvessels  (Ki.kbs,  Bollinger). 

In  haemophilia  as  in  chlorosis  the  narrowness  and  great  elasticity  of  the  arteries 
may  so  much  increase  the  blood-pressure  in  the  capillaries,  that  thereby  a pre- 
disposition to  hannorrhage  arises,  and  the  lacerations  which  occur  are  kept  open 
(Virchow). 

Besides,  a disproportion  between  the  capacity  of  the  bloodvessels  and 
the  amount  of  blood  has  been  considered  a cause  of  haunorrhago. 

If  at  the  time  of  a greater  production  of  blood  the  vascular  system  is  very  small 
and  has  only  a small  capacity,  the  blood-pressure  must  increase  in  the  aortic  sytem, 
not  only  in  the  direction  of  the  heart,  but  it  also  attains  a considerable  height  in 
peripheral  parts.  Nearly  all  cases  of  haemorrhagic  diathesis,  or  of  haemophilia, 
which  have  been  studied  in  the  last  ten  years  have  presented  this  condition  of  the 
vascular  system.  The  Author  considers  this  explanation  admissible  in  the  exces- 
sive haemorrhages  which  occur  at  the  menstrual  period  in  chlorotic  girls  ( Bcitr . z. 
Gebrtxh.  u.  Gyudk..,  1872,  I.,  p.  323). 

Disease  of  one  organ  in  particular  and  the  haemorrhagic  diathesis  have 
often  been  observed  together.  In  these  cases  the  affected  organ  was  the 
heart  (fatty  degeneration);  or  a glandular  organ  (liver,  kidneys),  by  lesion 
of  which  certain  injurious  substances  were  formed  in  the  body,  or  the  ex- 
cretion of  such  substances  from  t lie  body  was  prevented.  Or  there  were 
severe  diseases  of  the  stomach  and  intestinal  canal,  with  impeded  absorp- 
tion of  nutritious  substances. 

Cases  of  this  kind  have  been  reported  by  the  Author  (heart  and  internal  canal), 
by  Koppeler  (kidneys),  by  Henocii  (intestinal  canal).  Apart  from  what  has 
already  been  described  (p.  348),  I found  in  a second  fatal  case  of  morbus  maculosus 
peculiar  gangrenous  foci  in  the  intestines.  Compare  Leuoocytluemia  (p.  545)  and 
Icterus  (p.  550). 

Diminution  of  the  quantity  of  fibrin  in  the  blood  (hypinosis  so-called), 
which  has  so  often  been  considered  as  the  cause  of  the  hannorrhage,  cannot 
be  such  ; for  in  tolerably  numerous  cases  of  scorbutus,  in  some  fatal  cases 
of  haunophilia  and  chlorosis,  the  blood  has  been  found  especially  rich  in 
fibrin.  This  condition  (hypinosis)  may  as  well  be  a result  of  the  lueraor- 
rhage ; and  the  same  is  true  of  the  diminished  coagulability  of  the  fibrin. 

The  increase  of  red  blood-globules  in  the  blood  often  causes  haemorrhage 
in  various  organs,  or  hemorrhage  (arrested  with  difficulty)  externally  after 
injuries  {vide  p.  545). 

That  chemical  substances  may  occasionally  be  the  cause  of  hemorrhages 
has  been  certainly  demonstrated  by  numerous  experiments  on  putrid  infec- 
tion ; but  we  are  not  well  acquainted  either  with  the  nature  of  the  sub- 
stances or  their  mode  of  action. 

Gaspard  (Mem.  sur  lea  mol.  purulentrs  et  putrides,  Journal  de  Phyt.,  par  Mayen- 
die,  1822.  II.,  p.  1 ; 1824,  IV.,  p.  1)  showed  by  numerous  experiments,  that  the 
introduction  of  putrid  substances  into  the  body,  especially  in  the  veins,  produced 
haemorrhages  in  the  most  various  organs,  particularly  in  the  intestines,  lungs,  heart, 
subcutaneous  areolar  tissue,  gall-bladder,  intestinal  mucous  membrane,  etc.  Stick 
insists  most  upon  the  intestinal  haemorrhages.  Virchow  has  confirmed  Gaspakd’S 
statements  by  bis  own  experiments. 


H.ElfORRIIAGIC  DIATHESIS. 


ro5 


As  regards  the  addition  of  a number  of  salts  to  the  blood,  Gaspard  thinks  am- 
monia )>eeuliarly  efficacious ; in  favor  of  this  view  are  some  foreign  experiences, 
while  others  are  opposed  to  it.  Others  blame  the  accumulation  of  soda-  and  potassa- 
salts,  etc.,  because  after  the  continued  use  of  salted  food,  after  the  injection  of 
carbonates  in  the  blood,  hsemorrbages  appear.  Garrod,  on  the  contrary,  considers 
the  want  of  potassa-salts  as  the  cause  of  the  hanuorrhagie  diathesis.  The  same  is 
true  of  acids,  alcohol,  phosphorus. 

O.  Webkk  Pitha  - Billroth , lit  lb.  d.  Chir.,  L,  p.  12ti)  observed  numerous  ecchy- 
moses  after  the  injection  of  water  containing  sulphuretted  hydrogen. 

PRUSSAK  (-Stkickeb,  Wien.  Acad.  Sitzeber. , 18(57,  LVI.)  noticed  a copious  escape 
of  red  blood-globules  (whole  ones  as  well  as  pieces)  through  unaltered  bloodvessels  in 
frogs,  perhaps  also  in  rabbits,  which  had  received  injections  of  large  quantities  of 
solution  of  common  salt  in  the  blood,  or  had  been  placed  for  a long  time  in  a strong 
solution  of  the  same.  CoHHQBiM  ( [Inters . ub.  d.  embol.  Proems,  p.  27 ) was  unable 
to  verify  this. 

The  symptoms  of  the  various  affections  belonging  to  this  group  depend 
chiefly : upon  the  causal  influences  as  in  scorbutus,  or  upon  the  primary 
disease  as  in  acute  exanthemata;  furthermore  upon  the  haemorrhages  in 
internal  and  external  parts,  and  the  various  local  and  general  disorders 
caused  thereby.  The  latter  are  more  or  less  referable  to  general  anaemia 
and  bydnemia  {villi’  p.  518  and  p.  538).  As  regards  the  composition  of 
secretions  in  this  condition  we  want  exact  ex[>emnent8. 

The  explanation  of  many  symptoms  is  unknown : thus  in  the  case  of 
the  rheumatic  pains  which  precede  these  affections ; those  of  scorbutus, 
etc.  Usually  there  is  only  a small  secretion  of  sweat.  In  the  same  way, 
even  the  poet  mortem  examination  does  not  afford  an  explanation  of  the 
severity  of  the  eases  (many  acute  cases  of  so-called  haemorrhagic  diathesis). 


Dl'chf.k  ( Octt.  Jnhrb.,  18(31,  XVII.,  p.  39)  found  that  in  scorbutus,  during  the 
increase  of  the  disease,  all  the  constituents  of  the  urine  were  diminished ; potassa 
less  so  relatively  than  soda,  so  that  the  latter  seemed  relatively  increased. 

Lkpoksdurp  (Mid.  Centric.,  So.  NO  et  82)  describes  a case  of  land-scorbutus  in 
which  the  ecchymoses  occupied  only  one-half  of  the  body. 

Garrod  places  the  value  of  vegetable  diet  in  the  contained  alkalies.  From  a 
direct  estimation  of  the  amount  of  ]>otassa  in  the  blood  he  believes  that  he  has 
demonstrate*!  the  diminution  of  this  substance.  Still,  this  may  well  occur  in  con- 
sequence of  diminished  supply  of  food  in  general. 
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THERMOMETER  SCALES. 
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Cauliflower  growths,  394. 

Causes,  proximate,  38. 
predisposing,  37. 
exciting.  38. 
remote,  38, 

Cell,  division  of,  358. 
granular,  303. 

Cells,  new- formation  of,  258. 

Cellular  pathologists,  5. 

Centre  for  vascular  nerves,  161. 

Corcomonas,  1 12. 

Cestoidea,  113. 

Cheesy  focus,  454. 

Clieyne-Stokes'  respiration,  622. 

Childhood,  diseases  of,  47- 

Chill,  010. 

Chlorine  in  fever,  043. 

Chlorosis,  535. 

tropical,  125. 

Choked  disk,  233. 

Chola'mia.  650. 

Cholesterin,  303. 

Cholestenemia,  555. 

Cholesteatoma,  611. 

Chromokrinia,  314. 

Chylous  blood.  542. 
mine,  224. 

Cicatrix,  380,  881. 

Cicatricial  contraction,  381. 

Circulation,  collateral,  217. 

local  disturbances  of,  145. 
in  thoracic  cavity,  157. 

In  cranial  cavity.  157. 
in  abdominal  cavity,  158. 
influence  of  nerves  on,  160. 
modifications  of,  149. 

Cirrhosis,  385. 

Civilization,  influence  of,  82 

Clavus,  468. 

Cleft-fungi,  87. 

Climate,  70. 

Climacteric  age,  diseases  of,  49,  50. 

Clot,  219. 

changes  in,  219. 
organization  of,  220. 

Clothing,  74, 75. 

mode  of  protection,  76.^ 
relative  value  of,  77,  78. 

Cloudy  swelling,  298. 

Collapse,  611. 

Colloid  substance,  characters  of,  329. 

metamorphosis  of  bloodvessels,  331. 
metamorphosis  of  skin,  281. 
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Colloid  metamorphosis  of  mnsetas,  331. 
metamorphosis  »f  cells,  3W. 
metamorphosis  of  th>  nod  gland.  330. 
mctamon >h oaw  of  choroid  plexus,  -wl. 

Colrwtrnm  corpuscles,  3*  3. 

C’ompen*atk>n*  in  nervous  system,  1J. 
in  the  blood,  90. 
in  tissues.  20. 

Complications,  33. 

Concretions.  319. 

arthritic.  319. 

Congestion,  173, 

Omio-myeetes,  SO. 

Connective-tissue,  structure  of,  371. 

tumor,  306. 

Connective  tissue  cancer.  301. 


Contagions.  130. 

transportation  of,  1*K>. 

Contagium.  131. 

nervous.  132. 

Contagion  of  diphtheria,  134. 
of  measles,  134. 

Constitution,  atuamlc,  53. 
robust,  S3, 
irritable,  53. 
indolent,  54. 

Cont  iguity,  extension  by,  3. 

Continuity,  extension  by,  8. 

Convalescence,  19- 

Corns.  468. 

Corpora  amylacea,  827. 

Corpuscle-  of  connective  tissue,  37*. 

Crisis,  lfl,  062. 

Cuppeti  cell*.  333. 

Cure,  mode  of,  21. 
artificial,  22. 
natural.  22. 

Cryptoeoeens,  80. 

Cryptogams.  84. 

Cyanosis,  186.  507. 

Cylindroma,  48U. 

Cymex  lectniarius,  130. 

Oyatoidete,  118. 

Cystuae.  115. 

Cvstofa'Uia,  113. 

Cyst*,  504. 

origin  of.  503,  507. 
from  eermis  sux  595. 
closed  follicles,  506. 

Graalhan  follicles,  500. 
by  retention,  600. 
from  likxsl vessels,  506. 
contents  of,  509,  J 

changes  In,  513. 
frtim  lymphatics,  507. 
from  f'tptal  organs,  507. 
from  clots.  507. 
from  connective  tissue.  307. 
from  epithelium,  608, 
secondary.  MV. 
tertiary,  509. 

Cystoma,  504. 

Cysticerco*  crllaloxa,  115,  116. 
ttnatcaUl,  110. 
tapeworms,  lift. 

Cytogentc  ti*ne,  439, 

new  formation  of,  447. 
hypertrophy  of,  440. 
t issue,  heteroplasia  of,  443. 


Dkath.  24. 

phenomena  of,  25. 
causis  of,  34. 
apparent,  26. 
varieties  of,  27. 
dingnos'e  of,  28,  29,  30. 
audtten,  85. 

Death  ntte  iu  various  countries,  33. 

t in  various  cities,  35. 

Decidua.  470. 

I)i  feet,  2. 

Defervescence,  C22. 

Deformity.  2 

Degeneration.  287,  297. 
lardaceoua,  322. 
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Degeneration,  amyloid,  322. 
waxy,  322. 

in  nervous  centres,  294. 

Dendritic  vegetations,  396. 

Dental  osteoma,  471. 

Dermanvesus  avium,  129. 

Dennatophtli,  128. 

Deruiotlex  folltt-ulorum,  1*8. 

Dermoid  cysts.  510. 

Dermoid  metamorphosis,  467. 

Demo- bacteria.  92. 

Determination  of  blood.  173. 

Diabetes,  theories  of.  579. 
symptoms  of,  581. 
lesion*  of,  5 "4. 
mellitus,  578. 
ins:  Indus,  585. 
inositus.  585.  i 

Diagnosis.  8. 

methods  of,  10. 
symptomatic.  8. 
anatomical,  ft 

Diathesis  tnnuorrhaine,  214,  7d2. 

Diphtheria,  267. 

fungi  in,  267. 

Diphtheritic  membrane,  265. 

locations  of.  26ft 

Diplosporinm  fuacum,  100. 

Dipter-s  130. 

Di*orvlrrs  symptomatic,  2. 
cheintoo-  path  , 2. 
anat.-path„  2. 
functional,  2. 

Disease,  definition  of,  1. 
general,  4. 
constitutional,  4. 
latent.  10. 
extension  of,  8. 
idiopathic,  2. 
symptomatic,  2. 
local,  3. 
acute,  13. 
chronic,  13. 
febrile.  14. 
non -febrile.  14. 
typical,  14. 
n m typical.  I t 
duration  of.  14. 
course  of,  14. 
epiilemie,  14*'. 
pandemic,  140. 
endemta,  140. 
infectious.  131. 
contagious,  131. 
miasm  I io- contagious,  181. 
DMotnutn,  120. 

hepatictun,  129. 
lance-  dal  inn.  121. 
cTBssum.  121. 
ophthaimobium.  121. 
heteropbies,  121. 
haematobium,  121. 
Dracnnculua  oculi,  127. 

Drink,  80. 

Dropsy,  224. 

cause*  of.  230. 
symptom*  of.  216.  287. 
course  of.  287. 
termination  of.  288. 
false,  227. 
mechanical,  231. 
eriieriment.il,  231. 
ex  varan,  288. 
cachectic,  234. 
of  unknown  origin,  235. 
liquid  of,  228. 

Dust-fnngi,  '6. 

Dwelling,  siaeof,  72. 

air  of.  73. 

Dyscraimc,  516. 

Djsmenorrhcea  membranocea,  471. 
Dyspnoea,  561. 

cause*  of,  562. 

EcHisococcc*  hominls,  117. 
hydatiiloHUs,  1 17. 
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Echinorrhynchus,  122. 

Eczema  marginatum,  97. 

Electricity  <>f  atmosphere,  66. 
of  skin,  66. 

Elephantiasis  arabnm,  383. 
Grajcorum,  438. 

Embolism,  lb!). 

symptoms  of,  207. 
effects  of,  203. 
causea  of.  201. 
capillary.  202,  203. 
of  cerebral  arteries,  208. 
of  mesenteric  arteries,  208. 
of  pulmonary  arteries,  2U8. 
diagnosis  of,  210. 
effects  of,  205. 

Embolus  100. 

origin  of,  200. 
nature  of,  200. 
changes  in,  203. 

Emboli,  distribution  of,  201. 

Emphysema,  230. 

diagnosis  of,  241. 

Empiricists,  5. 

Encephalitis  of  the  new-born,  306. 

Enoephaloid  cancer,  503. 

Enchomlroma.  115. 
origin  of,  417. 
osteoid,  418. 
cystoid,  418. 

Endarteritis,  300. 

Endemics,  1 43. 

Endogenous  cell-formation,  312. 

Enostonis,  412. 

Endothelial  cancer,  500. 
origin  of,  500. 

Endothelium,  now-formation  of,  304. 
regeneration  of,  305. 
hypertrophy  of,  805. 

Entozoa.  100. 

Epidemic  constitution,  1 14. 

Epidemics,  characters  of,  140. 

Epithelioma,  408,  486. 
origin  of,  485. 

Epithelium,  tumor  of,  4G8. 
new-formation  of.  401. 
regeneration  of,  463. 
origin  of,  488. 

Epidermis,  hypertrophy  of,  468. 

Epizoa,  109. 

Erythrasma,  99. 

Exostosis,  112. 

Experimental  pathology,  6. 
pyemia,  699. 
septicaemia,  506. 

Exudation,  inflammatory,  247,  256. 
free,  256. 
interstitial,  256. 
parenchymatous,  256. 
serous,  250. 
mucous,  257. 
albuminous,  257. 
fibrinous,  257,  258. 
purulent,  259. 
croupous,  2ti5. 
croupous-diphtheritic,  206. 
luetnorrhagic,  269. 

Facies  Hippocratioa,  25. 

Fastiginra,  15,  619. 

Fat,  formation  of,  801. 

Fatty  tissue.  898. 

regeneration  of,  800. 
hypertrophy  of,  300. 
tumor  of,  401 . 

Fatty  metamorphosis,  causes  of,  304. 
of  organs,  805. 
of  connective  tissue,  806. 
of  cells,  806. 
of  ganglion-cells,  307. 
of  nerves,  307. 
of  vessels,  307. 

Favus,  98. 

Febricula,  17. 

Fever,  602. 

symptoms  of,  603,  626. 


Fever,  typo  of,  617. 

continuous,  617. 
remittent,  017. 
intermittent,  617. 
evaporation  in,  635. 
urine  in,  037. 
urea  In.  638. 
urie  acid  in,  642. 
chlorine  in,  643. 
body-weight  in,  644. 
pulse  in,  628. 
respiration  in,  631. 
carbonic  add  in,  632. 
digestion  in,  688. 
metamorphosis  in,  600,  665. 
muscular  tissue  in,  669. 
traumatic,  671. 
historical  sketch  of,  684. 
chronic,  17. 
continued,  17. 
remittent,  17. 
intermittent.  17. 
ephemeral,  618. 
initial  stage,  til!), 
subsidence  of,  622. 
in  convalescence,  623. 
in  the  agony,  625. 
in  chronic  diseases,  625. 
lesions  of,  625. 

Fever-curve,  600. 

Fever-heat,  610. 

Fever  theory  of  Hippocrates,  684.  . 
of  Paracelsus.  685. 
of  Kernel,  685. 
of  Stahl,  685. 
of  Boerhaavc,  685. 
of  Fr.  Hoffmann,  685. 
of  Cullen,  685. 
ot  Pine],  686. 
of  Broussais,  687. 
of  Orisolle,  687. 
of  Schonlein.  688. 
of  Wunderlich,  688. 
of  Henle,  689. 
of  Eisen  matin,  689. 
of  G.  Hirsch,  690. 
of  Virchow,  690. 
of  Claude  Bernard,  690. 
of  Marcy,  691 . 
of  Samuel,  691. 
of  Sch iff,  691. 
of  Traube,  691. 
of  Wnchsmuth,  692. 
of  Licbermeister.  6!I2,  694. 
of  C.  O.  Weber,  695. 
of  lClebs,  696. 
of  Hueter,  696. 
of  Senator,  696. 

Fibrin,  composition  of,  155. 
properties  of.  1 56. 
changes  in,  542. 

Fibrinoplastic.  substance  of,  155. 

Fibrinogenic  substance,  155. 

Fibroid,  422. 

Fibroma  of  skin.  3SG. 
of  nerves,  386. 
in  glandular  mgans,  386. 
densurn,  3S5. 
laxutn,  886. 
arec-lar,  886. 

Fibro-myoma,  422. 

Filar  id®,  126. 

Filaria  medinensis,  126. 
lentis,  127. 
homiuis,  127. 
bronchialis,  127. 

Fits.  17. 

Flagellattc,  112. 

Flat  worms,  113. 

Fleas,  130. 

Flies  180. 

Food,  80,  81. 

Foraminifera,  111, 

Fractures,  healing  of,  410. 

Freezing,  effects  of,  343. 

Fruit-filament,  85. 
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Fungi,  Si 

filamentous,  87. 

an  exciter*  of  fermentation,  lw. 
oh  cause*  of  disease,  100. 
effects  of,  on  tissues,  05. 
in  cholera,  108. 
in  malignant  pustnle,  10-1. 
in  diphtheria.  105. 
in  pyaemia,  106. 
in  puerperal  fever,  106. 
on  plants,  102. 
on  lower  animals,  102. 
in  pyEBiuia,  600. 

GALl-STONM.  320. 

Ganglia,  reseneration  of,  425. 

Ganglions,  510. 

Ganglion -cell*,  fatty  change  in,  JOT. 

Gases  intestinal,  240. 
negative,  65. 

Irrespirablc,  66. 

Gangrene.  336. 

symptoms  of,  350. 
course  of.  352. 
causes  of.  337. 
of  the  spleen,  103. 
drv.  8 IT. 
soit,  347. 
moist,  848. 
senile,  8 HI. 
symmetrical,  340. 
metastatic,  853. 
emphy-ematous.  348. 
from  ehcmh'al  action,  844. 
arterial  disease.  339. 
venous  disease,  310. 
capillary  disease.  840. 
from  fungi.  3-15. 

Gangrene-fever,  351. 

Gastric  juioe  la  fever,  634. 
ulcer,  81,0. 

Genius  epidomicus,  144. 

Genu  valgum.  412. 

Geophagitt.  125. 

Germ  fuuei.  86. 

GUuit  cells.  350. 

Girlhood,  diseases  of,  49. 

Glioma.  39T. 

Olio-sarcoma.  432. 

Globular  bacteria,  89. 

Glyoomria.  578. 

Goitre.  330. 

Gout.  577. 

Gouty  deixadts,  819. 

Granulations,  879. 

exuberant,  881. 
erethistic,  381. 

Gregarime,  119. 

Gummy  tumor,  434. 

Gymuomycetes,  86. 

H A bits,  transmission  of,  43. 

Habitus,  54, 

Hminatocrystnllln,  310. 

Hivmatin,  310. 

Haematoidin.  309. 

crystalline,  310. 
origin  of,  310. 

Hnunatoin,  310. 

Hiematonui.  218. 

Harraooooci,  518. 

Hamioglobin,  310 

changes  In  amount  of,  537. 

Haemopathology.  516. 

Hiemophilla,  703. 

Htemoirhagc,  210. 
cardiac.  210. 
arterial.  210. 
venous,  210. 

capillary,  210. 
parenchymatous,  210. 
vicarious,  214. 
collateral,  214. 
per  rhexin,  810. 
j kt  dinpedisin.  211. 
per  anaslomooin,  211. 


H*morrhage,in  chlorosis,  213. 

parenchymatous  secondary,  213. 
spontaneous  arrest  bf,  115. 
causes  of,  212. 
symptoms  of,  221. 
diagnosis  of.  224. 

Hmmorrhagie  diathesis.  703. 

Hay-fever  vibrionos.  101. 

Healing,  by  seabt.ing.  881. 

in  non-vascular  parts,  377. 
in  vascular  parts,  378. 
by  first  intention,  378. 
by  immetliate  union,  378. 
by  second  intention,  379. 

Health,  1. 

Health-resorts.  72. 

Heart,  action  of,  1 45.  146. 
amemia  of,  168. 
fatty.  805. 

Heat  stroke,  artificial,  59. 

Hemiatrophia  facialis,  292. 

Hemiptera,  180. 

Herpes  tonsurans,  97. 

HeUTochronia,  5.  355. 

Heteroplasio,  354. 

of  connective  tissue,  427. 

Heterotopia,  5,  355. 

of  nervous  substance,  427. 

Hwterotricha,  112. 

Herapodie,  129. 

Hirudo  medicinal!*,  127. 

Homteoplasia,  354. 

Horns,  cutaneous,  393. 

Hospital  gangrene,  3 16,  349. 

Humoralists,  5. 

Hydnemia,  524,  541. 

Hydrothiontemia,  576. 

Hygiene,  37. 

Hy  palburainosis,  538. 

Hypcnetnio,  172. 

post-mortem  evidence  of,  1 . — 

active,  173. 

functional,  173. 

collateral.  166,  167. 

pasdre,  183. 

mechanical,  183. 

venotts,  133. 

direct  neuralgic,  175. 

red  ex  neuralgic,  176. 

temisTOtnre  In,  179. 

H yperail ju  m i n<  ahs.  519. 

Hyperinosi-S  543. 

Hyj«ro*to*is»  412. 

Hypertrophy,  354,  ®5- 

Hypertrophy  of  connective  tissue,  382. 
of  the  skin,  383. 
of  mncuus  membranes,  381. 
of  fibrous  membranes,  384. 
of  vascular  membrane*.  884. 
of  lymph  glands.  441. 
of  solitary  follicles,  442. 
of  spleen.  412. 
of  tonsils,  442. 
of  conjunctiva,  442. 
of  red  bone-marrow,  444 
of  epidermis,  408. 
of  raucous  membranes,  469. 
of  gland-cells.  469. 
of  mucous  glands,  469. 

Hyphomyeetes,  87. 

Hypoplasia,  535. 

ICHOBHHjEMtA,  5S7. 

icterus,  550. 

symptom*  of.  555. 
mechanical,  Ml. 
by  absorption,  551. 
by  suppression,  557. 
chemical,  556. 
baeinatogenic,  556. 

Iohthyosis,  468. 

Idiosyncrasy,  39. 

Impressions,  maternal,  42. 

Inanition,  complete  in  animals.  528. 
incomplete  in  animals,  530. 
in  man,  538. 
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Inanition,  in  fever,  533. 

Incubation,  stage  of.  137. 
duration  of,  137.  * 

Indisposition,  2. 

Induration,  inflammatory,  961, 

Infarctions,  hiemorrhagie,  Sly. 

Infarctus,  haemorrhagic,  SOI. 

Infection,  131. 

event  of,  137. 

Infecting  agent,  133. 

Infiltration,  287,  297. 
albuminous,  298. 
fatty,  800,  301. 
pigmentary,  309. 
serous,  834. 

Inflammation,  211. 

local  temperature  in.  274. 
phenomena  of.  252,  255,  270. 
characters  of.  212. 
progress  of,  213. 
causes  of,  2-t'J. 
results  of,  271. 
symptoms  of,  273. 
termination  of,  275. 
division  of,  277. 
influence  of  nerves  on,  2-14. 
adynamic,  280. 
specific,  280. 
sthenic,  280. 
asthenic,  280. 
hyperasthenic,  28)5. 
phaged antic,  285. 
cheesy,  285. 
tuberculous,  286, 
ulcerative,  2 S3, 
productive,  283,  281. 
degenerative,  284. 
gangrenous,  286. 
purulent,  281. 
catarrhal,  282. 
exudative,  279. 
desquamative,  280 
mucous,  281. 
croupous,  281. 
dyscrasic,  278. 
metastatic,  278. 
rheumatic,  278. 
hypostatic.  278. 
congestive,  279. 
traumatic,  277. 
toxic,  277. 
parasitic,  277. 
adhesive,  270. 
tuberculous,  450. 
vessels  iu,  246. 
white  corpuscles  in,  246. 
hi  cornea,  251. 
theories  of,  248,  253. 
experimental,  245. 

Infusoria,  111. 

Inherilanee,  39. 

Inoculation,  137. 

of  tubercles.  155. 
syphilitic,  138. 

Inopexia,  543. 

Insects,  129. 

lschtemia,  165. 

causes  of,  1 05. 
mechanical,  105, 
spasmodic,  100. 
idiopathic,  100. 
arterial,  106. 
symptoms  of,  1 07. 
duration  of,  107. 

Itch  mite,  128. 

Ixodte,  129. 

Ixodes,  ricinus,  129. 

marginntus,  129. 
amcricanus  humanus,  129. 

Jaundice,  560. 

Kkixiid,  8®. 

Keratitis,  experimental,  251. 

Keratosis,  408. 

Kidneys,  anaemia  of,  171. 


Lakdaoeous  degeneration,  characters  of,  828. 
of  arteries,  324. 
reaction  of,  324. 

Leech,  127. 

Lepra,  438. 

anasthetica,  439. 
tuberculosa,  439. 

Leprosy,  438. 

LeptoLhrix  buccalis,  93. 

I.eptus  autnmnalis,  129. 

Leucocytes,  161. 

contractility  of,  152. 
movements  of,  153. 
migration  of,  154. 
changes  in,  517. 

Lencocythannia.  545. 
transitory,  545. 
symptomatic,  545. 
essential,  510. 
chronic,  540. 
splenic,  547. 
lymphatic,  547. 
myelogenic,  517. 
state  of  blood  in,  516. 

Lcuoocyt  humic  new-furmation,  -160. 

I.i'-e,  130. 

Life,  periods  of,  41. 

Light,  effects  of,  07. 

Lipoma,  401. 

Lingnatnlidas,  127. 

Liver,  acute  yellow  atrophy  of,  299. 
fatty,  801. 

Liver  fluke,  120. 

Loss  of  heat  by  radiation,  75. 
conduction,  75. 
evaporation,  75. 

Lucilia  hominivorax,  130. 

Lungs,  congestion  of,  181. 

Lung  stones,  320. 

Lupus,  437. 

exedens,  438. 
rodens,  438. 
esthtomenos,  488. 
non-exedens,  438. 
syphilitic,  438. 

Lymph,  flow  of,  151. 
quantity  of,  156. 
loss  of,  520. 

Lymphangioma,  392. 

Lymphatic  new-formation,  459. 

Lymphatics,  structure  of,  150. 
origin  of,  150. 
functions  of,  151. 
in  inflammation,  255. 
thrombosis  of,  1517. 
new-formation  of,  376 

Lymphoma,  459. 

origin  of,  460. 

Lyrnpho  sarcoma,  503. 

Lymphorrhagia,  224. 

Lysis,  10,  022. 

Malformations,  43. 

Marasmus.  097. 
senile,  698. 

nervous  system  in,  700. 
genital  organs  lu,  7tH). 
bones  in,  701. 
skin  in,  701. 
from  disease,  702. 
henrt  in,  098. 
bloodvessels  in,  098. 
blood  in.  698. 
respiratory  organs  in.  699. 
digestive  organs  in.  099. 
urinary  apparatus,  700. 

Marriage,  intlner.ee  of,  83. 

Mature  ago,  diseases  of,  49. 

Measles  in  Faroe  Islands,  137. 

Medical  geography,  71. 

Medicine,  anatomical,  5. 
physiological,  6 

Melanaemia,  549. 

Melanin,  310. 

Melanosis,  309. 

Meltcna,  212. 


INDEX  OF  SUBJECTS, 


UWlitnrin.  RTS. 

Meutagm,  87. 

Metamorphoses,  297.  -Jo3. 

Metamorphosis,  309. 
colloid.  329. 
croupous,  ’’CO. 
mucous,  333- 
fatty.  301. 

Metastasis,  33. 

Miasmata,  130. 

Kiurocuccn*.  87.  90. 
varieties  of,  DO. 

nr-a;.  91. 

diphtheritica*,  91. 
aepticna,  91. 
v sect  use,  91. 

M’cro-tKicteria,  IK. 

Microaporotj  audouini.  99. 
minut.ssimum,  99. 
furfur,  99. 
scptk'tim,  91. 

Mleechcrian  pouches.  113. 

Migration  theory,  249,  250. 

Mite*,  m 

Mi  mad  lua.  113. 

Monostomum  lantis,  123. 

Mortality,  44. 

M'irtiu*  maculosa*,  703. 

MorUliiy,  44. 

table*  of,  45. 

Mortification,  830. 

Mother  cell*,  359, 

Mould-disease*,  05. 

Mould  fungi.  87. 

Mucor  mnordo.  37. 
racemosu*.  87. 

Mucous  bursae.  396. 
tissue,  373. 

metamorphosis  of  cells,  333 . 

of  cartilage,  327. 

Mummification.  342. 

Hu**  vomitorie,  130. 

dnuwwtica,  ISO. 

Muscles,  arurmia  of,  168. 

fatty  change  of,  304. 

Mr  odium,  ISB. 

M.v  coderma,  MO. 

Myo-wi*  tnbwsttnalla,  104. 

Mvcrot-ythatmia,  518. 

Myeroonocus.  *6. 
vini.  (45. 
aceti.  8*1. 

Myelin,  32*  •V,'!* 

Myeloplax**,  869. 

ilvkoscs,  96. 

Myoma,  4212. 

cavemosnm,  422. 
atrlii  cellulare,  420. 

Myo-sarcoma.  420. 

My  -dti*  ossitloans,  413. 

Myxoma.  887. 

of  cerebellum,  3.89. 
erf  thyroid  gland.  389. 
eartilaginemn,  388. 
heteroplastic.  8SB. 
of  the  plactnta,  3881 
of  mamma,  888. 
ttbrosum,  8$n. 
liyaltnum,  8K4. 
medullary,  888. 
teleangiectodes,  888, 
lipomatodea,  888. 

NechosIs,  837. 

embolic,  339. 
thrombotic,  389. 

Nerves,  dilator.  1*53. 
cardiac,  160. 
depressor,  160. 
vast*- motor,  181. 
degeneration  of,  423, 
regeneration  of,  423. 
fatty  change  In,  '#  7. 
hypertrophy  of,  426. 

Nerve-tissue,  new-fonnatlon  of,  423. 

Nernauilmia,  122. 


Nematodes.  122. 

Neurcarlia.  396. 

hypertrooby  of,  S57. 
tumor  of,  8t>7.  # 

Neuroma.  126. 

myelinicnm.  426. 
amyeiinkum.  426. 
Neuro-pathoiogUts.  6, 

New-formatsonx,  classifications  of,  370.  . 
cause*  of,  287. 
homologous,  864. 
heterologous,  854. 
combined,  514. 
secondary,  866. 

New-formatioti  of  connective  tissue,  371. 
of  ywadg  374. 
of  endothelium.  391. 
of  neuroglia,  896. 
of  fatly  tis»uc,  39* 
of  elastic  tissue,  403. 
of  osseous  tissue.  404. 
of  cartilaginous  tissne,  414. 
of  muscular  tissue.  418, 

Of  nervous  tissue,  422. 
of  oonnecttv*  tissue.  427. 
of  cytog.  nic  tissue,  439, 
lymphatic,  159. 
of  true  epithelium,  461 . 
of  epithelium  alone,  462 
of  skin.  476. 

of  mucoua  membrane.  470. 
of  skin  and  glands,  471. 
of  dentine.  471. 
of  glandular  tissue,  479. 

Nosology,  L 

Nursing  age,  disease*  of,  46 
Nutrition,  imperfect.  SNT. 

general  disturbance*  of,  2(41. 


Obesity,  400. 

Occupation,  effect*  of,  81. 

Odontoma,  471. 

(E-k'tua,  225. 

triehinons,  235. 
fugax,  2:15. 

Collatrial,  212. 

Ovdematon*  l-arts,  state  of,  226. 

OMrat  hotninia  180. 

i iidium  albicans,  119. 
loot  is,  86. 

OM  age.  ihoam  of,  60. 

IliigaMnitk,  519. 

Ony.-uotnyoisia,  98. 

Ophthalmia,  nymjiathetic,  4. 

t nerve,  engorgement  of.  233. 

Osseous  tissue,  structure  of,  401. 
development  of,  405  467. 
growth  of,  408. 
regeneration  of.  409. 
hypertrophy  of,  414 
tumor  of,  412. 

Osteoclast*.  359. 

Osteoma.  412. 

spongiosum.  413. 
myelohlea,  413. 
hi‘trn  | li-*t!c,  413. 

Osteophyte.  412. 

Otinumatoma.  218. 

Ovary,  cysts  of,  906,  508. 

dermoid  tumor*  of.  608. 

OxyurU  voruticulana,  123,  124. 

Oxotic,  66. 

PACHTbERMTA,  383. 

Papilloma.  392. 

formation  of.  SfO. 

Paralysis,  ischium. c,  170. 

pscuiio-hyi-Ttropbic,  399. 
periphci  ai,  292. 
spinal.  292. 

Parasite*.  83. 

animal,  109. 
vegetable,  84. 
bibliography  of,  83. 

Paroxysm,  17. 
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Passive  hyporoemin,  causes  of,  183. 
symptom*.  U5, 

Pathological  anatomy,  7. 
chemistry.  7. 
cells,  characters  of.tBII. 

Pathognomic  symptom,  8 

negative,  8. 

Pearly  sickness.  457. 

Fediculus  capitis,  130. 
pubis,  130. 
vestimentL  l-'  O. 

Peliosis  rheumatics,  703. 

PeiiioilUum  glauctmi,  87. 

Peustatomum  tienioicles,  138. 
denticulatnni,  128. 

Periosteum,  function  of,  406. 

Perspiration  in  fever,  030. 

l'et while.  312. 

Petrifaction,  310. 

PcntHstomiiitc,  127. 

Plmgodama,  387. 

Phosphorus,  )>oisonmg  by,  305. 

Phthiriasis,  130. 

1'hthirius  inguinalis.  130. 

Phthisis  calculosa.  320. 

l’hyto-pariwitps.  HI. 

Pigmentation,  physiological,  314. 
pathological,  814. 
of  cells,  312. 
of  skin,  314. 

of  serous  membranes,  315. 
of  mucous  membranes,  315. 

Pityriasis  rubra,  00. 

Plat  oiles,  113. 

Plethora,  643. 

apocoptica,  545. 

Pneumatosis,  30. 

Pneumonia,  catarrhal,  288. 

Pneumonokoniosis  uiithracotlca,  04. 

Pneumonomycosis  sarcinica,  04. 

Podagra,  577. 

Polytuemia,  544. 

Polypus,  nun  ous,  474. 
vesicular,  174. 

Polycytlnemla  rubra,  643. 

Polysarcia.  400. 

Porrigo  deealvans,  99. 

Predisposition.  21. 

Process,  atheromatous,  836. 
heterotopic,  5. 
heteroohronic,  6. 

Prodromata.  15. 

Prognosis,  13. 

Progressive  muscular  atrophy,  292. 

Prophylaxis,  37. 

Proliferation,  theory  of,  248. 

Protozoa,  111. 

1’sorospermiie,  112. 

Pseudo-lenoocytheemin.  548. 

Pseudo-melnjisemlo,  550. 

Pseudo-porasites,  84. 

Psammoma,  433. 

Puerperal  fever,  592. 
nature  of,  593. 

Pulex  irrltans,  130. 

penetrans,  130.  • 

Pulse  in  fever,  028. 

Pus,  259. 

Pus-corpuscles.  209. 
origin  of.  247. 

Pus,  origin  of.  201. 

resorption  of,  203. 
changes  in.  263. 

Specific,  2fK). 
colored,  200. 

Pus-serum,  259. 

Putrefaction,  348. 

Putrid  infection,  587. 

Pytemia,  585. 

proper,  588. 
experimental,  599. 
septic,  587. 
embolic.  588. 
lesions  of,  589,  590. 
symptoms  of.  690. 
theory  of,  592. 


Pyaemia,  fungi  in,  000. 

Rationalists,  5. 

Recovery,  18. 

Refrigeration,  01. 

explanation  of.  02. 

Regeneration.  863,  353. 

of  laminated  epithelium,  466. 
of  nails.  407. 
of  hair,  467. 
of  crystalline  lens,  467. 
of  gland-cells,  407. 
of  animal  heat,  051. 

Relatives,  intermarriage  of,  41. 

Repair,  370. 

Respiration  in  fever,  031. 

Retinitis  leticocythaemica,  5-18. 

Retrograde  metamorphosis,  287. 

Rhabdo-myoma,  420. 

Rhinoscleroma,  38*1. 

Rhtzopoda,  111. 

Rhythm,  qnotidinn,  17. 
tertian,  17. 
quartan,  17. 

Rigidity,  post  mortem,  81. 

Rigor  mortis,  31. 

Rise  of  temperature,  causes  of,  002. 

Round  worms,  122. 

Sacchabomycbs,  80. 

Saliva  in  fever.  035. 

Band-tumor,  433. 

Bnrcina  vontriculi,  94. 

Barcode,  111. 

Sarcoma.  427. 

cells  of.  427. 
reticular  cell,  428. 
carciuomatosum,  515. 
acute,  438. 
ungiolithic,  433. 
mednllare,  432. 
giant-cell,  430. 
lymphoid,  430. 
alveolar.  430. 
myxomatous,  430. 
eareinomatodes,  480. 
spindle  cell.  428. 
trabecular,  429. 
round  cell,  429. 
small  cell,  429. 
large  cell,  429. 
teleangieetodes,  430. 

Sarcophagi,  180. 

Sarcoptes  scabiei,  128. 

Schi  /.omy cetes,  87. 

Scirrhuw,  495. 

Scorbutus,  703. 

Scrofulosis,  414.  457. 

symptoms  of.  458. 
nature  of,  458. 

Seasons,  00,  01. 

Secondary  affections,  23. 

Sepsis,  348. 

Sepsin.  sulphate  of,  598. 

Septicmmia,  587. 

experimental.  590. 

Septicsemio  fever,  071. 

Beptie  substances,  597. 

Beptico-pytemia,  685. 

Sequestrum,  337. 

Serous  infiltration  of  cells,  334. 
of  skin,  334. 

Sex,  influence  of,  50. 

Sexes,  mortality  of,  52. 
peculiarities  of,  51 . 

Sickness,  1. 

Skin,  antemia  of.  107. 

congestion  of,  181. 

Slough.  337. 

Smooth  muscles,  new-formation  of,  420. 
hypertrophy  of,  420. 
tumor  of,  422. 

Softening,  288. 

Soil,  influence  of,  68. 

composition  of.  09. 
spread  of  disease  by,  09,  70, 
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S<4idi*ts.  6. 

Spe  laUkcd.  488. 

Spbero-bactrria,  89. 

ftphneclu*.  34'. 

Hphygmorraphic  trace  in  fever,  WO. 

Spinal  cord,  anaemia  of.  170. 
congestion  of,  181. 

Spirillum  ‘.>.'1. 

8pi  ru-bactcria.  SI.'!. 

Spir  arhieta.  »'!. 

Spleen  extirpation  of,  3-4. 

Splenic  anu-tnia.  648. 

leueocythieima,  5-17. 

Spores,  85. 

structure  of.  So. 
distribution  of.  85. 

Stage  of  deerca-  •.  115. 
of  invasion  15. 
of  highest  intensity,  15. 
pyrogenelic,  15. 

Stasis,  341. 

Steatoma,  40*2. 

Still -birt.h<.  44. 

Ktrongylnidea.  I®. 

Strougrlu.  duodenal!*,  124. 
gigaa,  121. 
longevoginatua,  124. 

Itstttiu.  124. 

Striated  mtiscle.  hyi*ertr«ptiy  of,  419. 
tumor  of,  420. 
aejr-f onuatioei  of.  418. 
regeneration  of.  418. 

Struma  lymphatica.  430. 

Su  ker  worm*  120. 

Suffocation,  557. 

caa*e*  of,  558. 
state  of  blood  In,  560. 
lesion*  in,  0*H*. 

Suppuration,  superficial,  260. 

puren  nymatouM,  26*1. 

Swarm  *i>orf»,  86. 

SyotHia,  97. 

Syphilis  by  vaccination,  138. 
of  arter.e  436. 
of  nail*.  4.1**. 
of  bull*,  436. 
of  placenta,  437, 

Syphiloma,  434. 

Symptomatology,  8. 

KrmpUun*  direct,  8. 
indirect,  8. 
functional,  9. 
statical,  ». 
peraisteot,  9. 
intereurrent,  9. 
objective,  9. 
subjective,  9. 
physical,  9. 

T.gsiorD.B,  115 

Taisia  solium.  115. 

mediocaodlata.  116. 
marginal  a.  116. 

Bcanthotrias,  116. 
echtno-  k eii*,  117. 
nanu,  118. 
fia.o- punctata,  118. 
elliptic*.  118. 

Tapeworms.  113. 

Tapeworm,  common,  118. 
character*  of,  113. 
vehicular,  .113. 

Teleangiectasia.  390. 

• Temperament,  51,  55. 

Temperature,  57. 

local  effects  of.  57. 
general  effect*  of,  58. 
normal,  005. 
normal  variations,  606. 

In  chill,  610. 
locally  increased,  612. 
generally  increased,  612. 
maximum,  013. 
subnormal,  <.13. 
super-normal,  013. 
high-normal,  013. 


Temperature,  hyperpyre  tic,  614. 
in  children.  01 1. 
in  aged  person.*,  615. 
ascension  of,  615. 
exacerbation  of,  6i5.j 
daily  maximum,  Olo. 
di  Mendon.  015. 
remission,  015. 
daily  difl.  ren  e.  017. 
diminution  in  whole  boly,  0S2. 
in  anaemia,  521. 

in  injuries  to  nervous  system,  070. 

in  septicaemia.  588,  070. 

in  pya*mia.  590.  073. 

in  gams,  670. 

in  suffocation.  565. 

in  uraemia,  575. 

post  mortem,  680. 

Thatlus,  81.  ,'5. 

Therapeutic*.  37. 

Theories  of  fever,  684. 

Thread-worm*.  1 22. 

Thrombosis  189. 

cause*  of.  193. 
symptoms  of,  197. 

Thrombo.*,  189. 

autochthonous,  1.89. 
primitive.  189. 
progressive.  190. 

Structure  of,  190. 

softening  of,  191. 

organisation  of,  191. 

canalisation  of.  1 92 

calcareous  transformation  of,  193, 

traumatic.  19H. 

resorption  of,  193. 

Thrush-fungus,  99. 

Ticks,  129 

Tinea  favosa  98. 

Torula  oerevisi®,  86. 

Tran*for<ua tiott  of  tissnea.  362. 

Transplantation  of  skin,  465. 

Transudate*.  830. 

Transudation.  227. 

Tr**mabjd««,  120. 

Tricisephalus  dl*i*ar,  125. 

Tr, china  spira  l*  125. 

Trichomona*.  113. 

■hy too  tonsurans,  97. 

Triehntraohvlidt*.  126. 

Trwmbidkia*.  129. 

Tropho  netu  ■ *.**,  M. 

Tubercle  44  i. 

•eat  of.  451 . 
primary.  451. 

•econdury,  451. 
tarnotur*-  of.  445. 
miliary,  445. 
origin  of,  448. 
inoculation  of,  455. 
gray,  445. 
yellow.  446. 
fibrous,  446. 
fatty  change  in,  446. 
of  choToid.  431. 
of  Imne  marrow.  452. 
of  bksxl  ■ <■'  lagula,  432. 

Tube ri'u lost*.  414. 
acute.  452. 
subacute,  452. 
chronic,  452. 
by  infection,  455. 
causes,  433. 

geographical  distribution,  453. 
nature  of.  434. 

Tuberculous  ulcer,  447. 
cavity,  147. 

Tumors.  363. 

effects  of,  364. 
general  character  of,  355. 
mode  of  growth.  362. 
nutrition  of.  362. 
atrophy  of.  363. 
inoculation  of.  369. 
classification  of.  370. 
cavernous,  399,  391. 
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Tumors,  encysted,  501. 
fibroid,  385. 
ttbnv plastic,  438. 
myolo-piflstio,  430. 

(rum my,  434. 
mixed,  614. 
pluxiform,  515. 
papillary.  803. 
villouH,  893. 
vascular,  389. 
of  connective  tissue.  388. 
of  mticotiH  tissue,  387. 

Type  of  disease,  Hi. 

Typhoid  fever,  mode  of  spreading,  132. 

V herns,  283. 

Ulcus  phagcdtenicnm.  499. 

Union,  immediate,  378. 
definitive,  879. 

Urujmia,  570. 

theories  of,  571. 
causes  of,  673. 
symptoms  of,  674. 

Urea  in  fever,  (138. 

in  munition,  699.  584. 

Uric  acid  dyacrat  iu,  577. 
in  fever,  042. 

Urine,  extravasation  of,  345. 
in  fever,  087. 
in  sullocation,  fi66. 

Uterine  mucous  membrane,  changes  in,  470. 
after  parturition,  196. 

V AOC1NATION,  138. 

Vagus,  excitation  of,  100. 


Vagits,  efTccts  of  digitalis  on,  160, 

Varix  arterialis,  891. 

Vaso  motor  nerves,  101,  ]03. 

centre.  101. 

Veins,  acton  of,  146. 

Vermes.  118. 

Vessels,  new -formation  of,  374. 

Virus,  131. 

Vibrios,  98. 

VitiUgoiden,  402. 

Waets,  393. 

Waste  iu  fever.  040. 

Witter,  underground,  08. 
of  marshes,  09. 

of  the  blood,  changes  in  amount  of,  5 10. 
Winds,  07. 

Worms,  general  characters  of,  113. 

Wounds,  healing  of,  577. 

Xanthoma,  402. 

Xanthelasma,  402. 

Yeast  of  beer,  86. 
of  wine,  86. 
of  vinegar,  86. 
of  milk,  86. 
fungi,  tSO. 

ZooglOje.  88. 

Zoo  doa  rapillorum,  99. 

Zooparasites.  109. 

rtTects  of,  119. 
symptoms  of,  111. 

Zoospores,  85. 


